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U.S. Patent compound such as, for example, ethylene and propylene. Unsaturated hydrocarbons

are an important class of chemicals that find a variety of industrial uses. For
example, ethylene can be used as a monomer or comonomer for producing a
polyolefin. Other uses of unsaturated hydrocarbon are well known to one skilled in
the art. _

However, an unsaturated hydrocarbon produced by a thermal cracking
process generally contains an appreciable amount of less desirable alkyne(s) or .
diolefin(s). For example, ethylene produced by thermal cracking of ethane is
generally contaminated with some acetylene which must be selectively hydrogenate
to ethylene, but not to ethane, in a hydrogenation reaction.

The selective hydrogenation of alkynes is generally, commercially
carried out in the presence of an alumina-supported palladium catalyst. In the case
of the selective hydrogenation of acetylene to ethylene, a palladium and silver
catalyst supported on an alumina can be employed. See for example, U.S. Patent
No. 4,404,124 and U.S. Patent No. 4,484,015, disclosures of which are herein
incorporated by reference. The operating temperaturé for this hydrogenation process
is selected such that essentially all alkyne, such as, for example, acetylene is
hydrogenate to its corresponding alkene such as, for example, ethylene thereby

removing the alkyne from the product stream while only an insignificant amount of
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No. 4,404,124 and U.S. Patent No. 4,484,015, disclosures of which are
herein incorporated by reference. The operating tenperature for this
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hydrogenation less effective.

A palladium-containing "skin" catalyst in which palladium is
distributed on the surface or "skin" of the catalyst has been developed which is
known to be more selective and active than a non-skin catalyst in converting
acetylene in an ethylene stream to ethylene. See for example, U.S. Patent No.
4,484,015, disclosure of which is incorporated herein by reference. It is well known
that the catalyst selectivity is determined, in part, by the skin thickness. Generally,
catalyst selectivity decreases as the skin thickness increases. There is therefore an
evef-increasing need to develop a catalyst having a better "skin" on the catalyst for
a better selective hydrogenation of an alkyne to an alkene.

Palladium supported on alumina has been successfully used in dry
hydrogenation processes for many years. However, in some processes such as the
so-called "total cracked gas" process in which the steam is not removed from the
olefins stream, the selective hydrogenation of an alkyne to alkene must be
accomplished in the presence of steam. In such processes, the alumina supported
catalyst may have a much shorter life because alumina is not stable in steam.

Therefore, there is also an increasing need to develop a palladium catalyst on a
steam-stable support.

As such, development of an improved palladium catalyst and a
process therewith in the selective hydrogenation of an alkyne to an alkene in the
presence of an impurity would be a significant contribution to the art and to the

economy.



4,484,015, disclosure of which is incorporated herein by reference. It is
wel | known that the catalyst selectivity is determned, in part, by the
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According to a first embodiment of this invention, a composition

which can be used for selectively hydrogenating a highly unsaturated hydrocarbon
such as, for example, an alkyne or a diolefin, is provided. The composition
comprises palladium, silver, and a spinel such as a metal aluminate or a metal
titanate wherein the metal of the spinel is selected from the group consisting of zinc,
magnesium, iron, manganese, any metal that can form a spinel structure, such as Zr,
Mo, Ru, Rh, Co, Ge, Ca, and combinations of any two or more thereof.

According to a second embodiment of this invention, a process which
can be used for selectively hydrogenating a highly unsaturated hydrocarbon to a less
unsaturated hydrocarbon is provided. The process comprises contacting a highly
unsaturated hydrocarbon with hydrogen, in the presence of a catalyst composition,
under a condition sufficient to effect a selective hydrogenation of the highly
unsaturated hydrocarbon. The catalyst composition can be the same as the
composition disclosed in the first embodiment of this invention.

DETAILED DESCRIPTION OF THE INVENTION

As used in the present invention, the term "fluid" denotes gas, liquid,
or combination thereof. The term "saturated hydrocarbon" is referred to as any
hydrocarbon which can be converted to an unsaturated hydrocarbon such as an
olefinic compound by a thermal cracking process. An "unsaturated hydrocarbon" as
used in this application is a hydrocarbon having at least one double bond between

carbon atoms in the molecule. Generally, example of saturated hydrocarbons



known "skin" catalysts. It is also an object of this invention to provide a
process for selectively hydrogenating an alkyne to its correspondi ng al kene
imthe presence of an inpurity. It is a further object of this invention to
carry out a selective hydrogenation of acetylene to ethylene in the
presence of an inpurity. O her objects agd advantages will becone nore
apparent as this invention is nore fully described hereinbel ow.
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diolefin to a less unsaturated hydrocarbon such as a monoolefin without

hydrogenating the less unsaturated hydrocarbon to a saturated or a more saturated
hydrocarbon such as alkane. |

According to the first embodiment of this invention, a composition
which can be used to selectively hydrogenate an alkyne or a diolefin to monoolefin
is provided. The composition can comprise, consist essentially of, or consists of
palladium, silver, and a spinel such as, for example, a metal aluminate or a metal
titanate wherein the palladium can be present on the skin of the composition and the
silver can be distributed on the skin of or throughout the composition, and the metal
of the spinel is the same as that disclosed above. The presently preferred spinel is
zinc aluminate, zinc titanate, magnesium aluminate, or combinations of any two or
more thereof. These spinels are readily available and effective. The term "skin" is
referred to as the surface of the composition. The "skin" can be any thickness as
long as such thickness can promote the selective hydrogenation disclosed herein.
Generally, the thickness of the skin can be in the range of from about 1 to about
1000, preferably about 5 to about 500, more preferably about 5 to about 250, and
most preferably 10 to 100 pm. Presently, it is preferred that palladium and silver
are supported on the spinel.
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-4 - ‘include, but are not linmted to, ethane, propane, butanes, pentanes,
hexanes, octanes, decanes, naphtha, and conbinations of any two or nore

t her eof . Exanpl es of unsaturated hydrocarbons include, but are not limted
to, nonool efins such as ethyl ene, propylene, butenes, pentenes, hexenes,
octenes, and decenes; aromatic conpoundsssuch as naphthal ene; al kynes such
as acetyl ene, propyne, and butynes; diolefins such as butadi enes,
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thi ckness ashydrogenation of an alkyne to an alkene, or a diolefin to a monoolefin, and in the

. range of from about 0.001 to about 10, preferably about 0.005 to about 5, and most
preferably about 0.01 to about 2 weight %. The presently preferred alkali metal
compound is an alkali metal fluoride such as, for example, potassium fluoride.
Generally, the spinel can make up the rest of the composition.

The composition can be in any physical form and dimension so long
as the physical form and dimension can be used as a cétalyst for selectively
hydrogenating an alkyne to an alkene, or a diolefin to a monoolefin. Generally, it is
preferred the physical form be spherical or cylindrical for such form is easy to
handle. The composition generally has a size in the range of from about 0.1 to
about 20, preferably about 0.5 to about 15, and most preferably 1 to 10 mm in
diameter. The composition can have a surface area of from about 0.1 to about 50,
preferably about 0.5 to about 10 m?’/g, as determined by the well-known BET
method employing nitrogen.

Generally, any spinel can be used in the composition so long as the
composition can effect the selective hydrogenation of an alkyne to an alkene, or a
diolefin to a monoolefin. As disclosed above, the metal of the spinel can include

magnesium, zinc, iron, manganese, any metal that can form a spinel, and



| ong ds such thickness can pronote the sel ective hydrogenation discl osed
herein. CGenerally, the thickness of the skin can be in the range of from
about 1 to about 1000, preferably about 5 to about 500, nore preferably
about 5 to about 250, and nost preferably 10 to 100 [err]m Presently, it
is preferred that silver is supported ongthe spinel.
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2 weight % The pr esenﬂﬁﬁlﬂéseéfﬁﬁﬁgleaﬂahﬁﬂihm”&in%ounds include, but are not
limited to, palladium chloride, palladium bromide, palladium iodide, palladium

acetate, palladium nitrate, palladium sulfate, palladium sulfide, palladium

acetylacetonate, and combinations of any two or more thereof. The presently
preferred palladium compound is palladium chloride for it is readily available.

One can use any suitable method to determine whether substantial
weight percent of the composition particles have the palladium concentrated in an
area within certain distance of the exterior surface. One technique currently favored .
is the electron microprobe which is well known to one skilled in the art. Another
technique involves breaking open a representative sample of calcined catalyst pills
and treating them with a dilute alcoholic solution of N,N-dimethyl-para-
nitrosoaniline. The treating solution reacts with the oxidized'palladium to give a
red color which can be used to evaluate the distribution of the palladium. Still
another technique involves breaking open a representative sample of calcined
catalyst pills followed by treatment with a reducing agent such as, for example,
hydrogen to change the color of the skin.

The silver can be distributed on the skin of or throughout the
composition in any suitable and effective manner. Examples of suitable silver
compounds include, but are not limited to, silver chloride, silver bromide, silver
iodide, silver acetate, silver nitrate, silver sulfate, silver fluoride, silver perchloride,

and combinations of any two or more thereof. It is currently preferred to employ



conmpound is an alkali netal fluoride such as, for exanple, potassium
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composition if the resulting composition can effect a selective hydrogenation of an
alkyne to an alkene, or a diolefin to a monoolefin. Examples of suitable alkali
metal compounds include sodium fluoride, potassium fluoride, lithium fluoride,
rubidium fluoride, cesium fluoride, sodium iodide, potassium iodide, lithium iodide,
rubidium iodide, cesium iodide, sodium chloride, potassium chloride, lithium
chloride, rubidium chloride, cesium chloride, sodium bromide, potassium bromide,
lithium bromide, rubidium bromide, cesium bromide, sodium hydroxide, potassium
hydroxide, lithium hydroxide, rﬁbidium hydroxide, cesium hydroxide, sodium oxide,
potassium oxide, lithium oxide, rubidium oxide, cesium oxide, sodium carbonate,
potassium carbonate, lithium carbonate, rubidium carbonate, cesium carbonate,
sodium nitrate, potassium nitrate, lithium nitrate, rubidium nitrate, cesium nitrate,
and combinations of any two or more thereof. The presently preferred alkali metal-
containing compound is potassium fluoride for it is effective in the selective
hydrogenation. The alkali metal-containing compound can be incorporated into a
spinel by any methods known to one skilled in the art. For example, an alkali
metal-containing compound can be impregnated or sprayed onto a spinel before it is
impregnated with a suitable palladium compound, and preferably also with a -
suitable silver compound. Alternatively, the alkali metal-containing compound can
be incorporated, for example, by impregnation or spraying onto the composition
simultaneously with or after the impregnation with a suitable palladium compound.

The alkali metal-containing compound can also be incorporated into a spinel



preferred technique involves inpregnating a spinel with an aqueous sol ution
of , a suitabl e palladi um conpound. Generally, the extent of penetration of
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The silver cahighty dnsaturated hgdrooarboh evithkhydragenpin thiarpoesghezuef 4 batalystrmpler t | on
in any suitable and effective nner. . Exanpl es of .suitable silver conpounds
ot e, " but® Soulioh SHFEBLIP SFCt B lept o RURPRRIAtaR pf &k AlPBrEn o1 | ver

i odi de, sil vageRC e} aldiolefth ty/ 8'mdtoblefin® TivubN Ghy Bkl ifsatithted By dioch®oh de.
silver perchloride, and conbinations of any two or nore thereof. It is
current|y prednche usgdtin therpiooss, it is presently preferred that an alkyne or diolefin

containing 2 to about 12, preferably 2 to about 10, and most preferably 2 to 6

carbon atoms be used.

The catalyst composition can be the same composition described
above in the first embodiment of this invention. Hydrogen can be present either in
the feed stream containing the highly unsaturated hydrocarbon or in a hydrogen-
containing fluid which is mixed with the feed stream before contacting with the
catalyst composition. If a hydrogen-containing fluid is used, it can be a
substantially pure hydrogen or any fluid containing sufficient concentration of
hydrogen to effect the hydrogenation. It can also contain other gases such as, for
example, nitrogen, mefhane, carbon monoxide, carbon dioxide, steam, or
combinations of any two or more thereof so long as the hydrogen-containing fluid
contains sufficient concentration of hydrogen to effect the hydrogenation.

Optionally, the catalyst can be first treated, prior to the selective
hydrogenation, with a hydrogen-containing fluid to activate the catalyst. Such
reductive, or activation, treatment can be carried out at a temperature in the range of
about 20°C. to about 200°C.,, preferably about 25°C. to about 150°C., and most
preferably 30°C. to 125°C. for a time period of about 1 minute to about 30 hours,
preferably about 0.5 to about 25 hours, and most preferably 1 to 20 hours. During

this reductive treatment, palladium and silver compounds (primarily oxides) which



-7- dn aqueous silver nitrate solution in a quantity greater than that
necessary to fill the pore volune of the conposition. Generally, the weight
ratio of silver to palladiumcan be in the range of fromabout 0.1:1 to
about 20:1, preferably about 1:1 to about 10:1, and nost preferably 3:1 to
8: 1. : The inpregnated conpgg tion can be dried at a
tenperature in the range of about 25[err]C to about 150[err]C., preferably
about 25[err1hg{ bé Preséft ifirthe CatalyStébnipos iuoﬁrﬂiﬁeﬁﬂfébclrym% dridGhelcalcindfg err] C. ,
followed by calcining at a terrperature of from about 200[err] C. to about

1, 200] er r] C. stempdescribethalovg ae substestially jeducadotopadadivesaidesivpcmetabn Whens t

pref erably 0 1.t

preferably a@gs{ﬁﬂt@'% reé%&ﬁ't%q%%ﬁﬁ%ngrlssL& cﬁ%? n&oé b thece}fyapo Léflf%g fg&génhour S.

Any al kal i nighétionCiaeditn dceem ?Eﬂﬁ@uﬂﬁiﬁe@aﬁblbef uﬁads ofpdiladivepambsilveron i f the
resulting composition can effect a selective hydrogenation of an. alkyne to

an al kene, oduringdthe initinlphage gf thersglsctiye hydr i geagtion; of thiyinventioma| | net al
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rubi dium fl uoride, cesiumTIl UoOrfi assiumi o
lithiumi odroiabwmtaétmgrnlmﬂdd&ncmaﬁnpﬁses adigidy uasaﬁnruteddiyaﬁrcad:en, imothassi um

chloride, lithiumchloride, ruybidiumchloride, c srumchlorrd |um

br oni de, pot%l?%qnﬁ?noghﬁ‘ilﬁoa@’ Hrmerﬁﬁabr%ﬁwaeosm% ig¢losediAbeNs-qd he

brom de, sodjjd [ I rubr di um
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Irubrh di um ox |b water cﬁstalumgga(saieblessgdmsomb@asdbmaﬁeee ot potnbimtions efaryorwart er,

i t hi um car bonat i um car.bo ate cesi um car bonat e, di,um pi tr.at e,
pot assi um n.mpzﬁglerqofth nhwﬂ&t d coptaiing,? hig satl%sat%gr?@arﬁmrga{lés and
comnbi natlonsmpﬁnﬁaratewu& ORézln ?B%%Tuor. dg%?&l&hﬁ{ Rdighs 6 al kal i

nmet al - contal ni ng corrpoun I S potass Is effective in the
sel ective hymp)gmnageinenally'ﬁha lentek af abor tlaing g (ppim)i to pboutndh00ippra ofithe

incorporate nt nel by a t hods kn too Skl| ed in the art.
For exanpl e, ip g% %ﬁ%&hﬂ”ﬁ?ﬂﬁ%&% rE’éﬂﬁn KBt ed or
sprayed ont Odléle?igrT BE ko tichs' df dn Z tWORIr GG R edt. [ Bxainpley 6%%1@8&11&;%& um

conmpound, and erably also with a suitable silver conpound
Al t ernati vel i)u,cludb,ebluldtahot kmited to; @anttylens, yopynep bibutynea-butyne, 1-pentyne, 2-

pentyne, 3-methyl-1-butyne, 1-hexyne, 1-heptyne, 1-octyne, 1-nonyne, 1-decyne,

and combinations of any two or more thereof. - The presently preferred alkyne is
acetylene. These alkynes are primarily hydrogenated to the corresponding alkenes.
For example, acetylene is primarily hydrogenated to ethylene, propyne is primarily
hydrogenated to propylene, and the butynes are primarily hydrogenated to the
corresponding butenes (1-butene, 2-butenes). EXamples of suitable diolefins
include, but are not limited to, butadienes, isoprene, pentadienes, cyclopentadiénes,
hexadienes, cyclohexadienes, octadienes, cyclooctadienes, decadienes, and
combinations of any two or more thereof. These diolefins are selectively
hydrogenated to their corresponding monoolefins. In order to best attain
substantially complete selective hydrogenation of a highly unsaturated hydrocarbon,
there should be at least about one mole of hydrogen for each mole of the highly
unsaturated hydrocarbon present. A fluid containing a highly unsaturated
hydrocarbon and hydrogen can be introduced into a reactor. Alternatively, a fluid
containing a highly unsaturated hydrocarbon and a hydrogen-containing fluid can be

introduced into a reactor separately, contemporaneously introduced, or premixed



be i ncorporated, for exanple, by inpregnation or spraying onto the
conposition sinultaneously with or after the inpregnation with a suitable
pal | adi um conpound. The al kali netal -cont ai ni ng conpound can al so be

i ncorporated into a spinel

-8 - Dbetween the palladiumand silver |jpgpregnation steps or after the

i npregnation wth palladiumand silver conpounds. Alternatively, one can
al 0 apply SheRdfR!téif HtFddietiordioPh rebblof o bemtibt WiftPinERAal Which i Shuatly
reduci ng agents such as hydrazine, alkali netal borohydrides, aldehydes
such as f or natadcinytlie reactor thefore intrauction efithe fhgd(s) inde thecreaetond Aury mecetorsbi ¢
acid, reducijng sugars as, dextrose. . . ln the,segan

b mont RN © gui iTed R s 5 ot léotive by croemtiop ong SRy ARIGEAAE Y o
hi ghl'y unsat ptegin€ thviedeiém C The ?fbcééécéf tB8 invieRfior£ ¥ B¢ Earried odd VA1 Bateh, Rmi-
diolefin, to a |ess unsaturated hydrocarbon such as, for exanple, a
monool ef i n i katgh, ovicaeignuonsmadeocess can conpri se, consist essentially of,

or consi st of contacti highl v.upsatur at.ed, hydrocarbon wi.th Epgen, in
the presence of a cat a?@es%n&nﬁgp%étycgﬁe o dgﬁ%/tF? ?f'ilyeﬁ?m{’%legi *negiffjufcﬁe

sel ective hygifeageiat isaiot @'m#or sdripciRnt 0E§é3nﬁlb§<6ﬂﬁm%19ftie§ otfietiehi dh dlRyRe
nmonool efi n. Though any hi ghl'y unsaturated hydrocarbon can be used in the

process, it @rsa giolefaninclpde, it are vef litited toncazbonymeneyride)ihydedeen sulideai ni ng 2
Comhe st SR @0k, ARt dmsan ok ARLTRRKY, ol ® oo "
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be®the sane
conposi tion disgfide@BSR)Qurtliane,t diiank] popats)yDathneEdaibaf dibkids, wakgnt i on.
Hydrogen can be present either jn the feed _stream contajning the highly
unsat ur at ed ¥ &thevs aliehydesoketonpsogarhoxydis cidsnestgs:rothercrxygenated s ni xed

with the f ee&ﬁﬂ&tﬁﬁ@agﬂfo%ﬁx%ir&ﬁ%?gf Wox\’\“op: {hgleeof, wherein each R can be an
alkyl or cycloalkyl or aryl group containing 1 to about 15, preferably 1 to 10 carbon

atoms. Generally, each impurity is present in the fluid stream in trace amounts.
For example, an impurity can be present at a level of less than about 1 weight
percent (%).

The temperature necessary for the selective hydrogenation of a highly
unsaturated hydrocarbon such as, for example, an alkyne, to a less unsaturated
hydrocarbon such as, for example, an alkene is any temperature that can effect the .
conversion of, for example, an alkyne to an élkene. It generally depends largely
upon the activity and selectivity of a catalyst, the amounts of impurities in the fluid,
and the desired extent of removal of impurities. Generally, a reaction temperature
can be in the range of about 10°C. to about 300°C., preferably about 20 to about
250°C., and most preferably 30 to 200°C. Any suitable reaction pressure can be -
employed. Generally, the total pressure is in the range of about 50 to about 1,500,
preferably about 75 to about 1,200, and most preferably 100 to 1,000 pounds per
square inch gauge (psig). The liquid or gas hourly space velocity of the fluid feed
can also vary over a wide range. Typically, the gas space velocity can be in the
range of about 10 to about 20,000 m® of the fluid per m® of catalyst per hour, more
preferably about 50 to about 12,500 m*m®/hour, and most preferably 100 to 8,000
m’/m’/hour. The liquid space velocity of the feed can be in the range of from about

0.001 to about 200, preferably about 0.01 to about 100, and most preferably 0.1 to



catal yst conposition. If a hydrogen-containing fluid is used, it .can be a
substantially pure hydrogen or any fluid containing sufficient
concentration of hydrogen to effect the hydrogenation. It can also contain
ot her gases such as, for exanple, nitrogen, nethane, carbon nonoxide,
carbon di oxide, steam or combinations of;any two or nore thereof so |ong
as the hydrogen-containing fluid contains sufficient concentration of
hydrogen 10 sy h@aP/Hole ke nRASYatid OF hydrogen to a highly undaRirhed Allidocarbbs i
catal yst can be first treated, prior ?'oogﬁne osaél egct}i'% hydr oggnati on, l?/vi th a
hy?_r og;a_n- con:lathm:mezdfubdutt(b&ddbi@bautelﬁ,(g@:i:,a:raﬂe;ably atgwit i :Ir tedabout $000dr f
activation, treatnent,c e cartie at .a temperature .in the range o
iggtjt ‘ Zi)[cer rﬂ"éi?%%&%fs{fﬁgbgg[tgﬁr%ﬂ EE;P?%FW&HS{?EE%F g}ernl]ly%}?geg- about |
err] C., GnéthifiRg tiuid, 5f Sépakitel & 4 kactor QoRtali & kélectiverh efiltidicr | O
of about 1 mnute _go about “30 h%ur_s, preferably alggout 0.5 tgafatbgout- 25 _
hours, and mestalystrisfchpsenlsp as to Proxidéamalar mtipiof ¢t thiashighlyumsatueated eat ment |
pal | adi um and si |l ver .c qunds ri Il xi.d Mi ch .
RS Ly paPsati BB e e BT 8 B oo L erab et d L and
the cal ci ni ngbost §000:2S6idi s padfeiaBlyal:¢ teutopoanti al 1y reduced to pal | adi um
and silver netal. Wen this optional reductive treatnent is not carried
o-u'él, E_he hy](cjrog_en gas E‘P@lgléliﬁtlf)lil af theecatadyst cpwnosition can be aesnpiplishrdsby hi sf .
reduction o | ; iLver dur of the
sel ective hylgr%éhggglget ‘?afct)an@sﬁecgg&lo%iﬁblg?rg F%i(ét a|le1\'/' ¢ ]I’?fdf on."]é'ljﬁ'@h bbby &ggi‘ﬁte
sel ecti ve hygicegratsut J009T.Ys& as tooburh Hff anyingpiiritien sachnash EorCexafrpts] ogtnidy
contacting a fluid which c)(;rrpri ses a highly unsaturated hydrqcarbon, in the
presence of giramdler chpx that mey bavaporamulaied o the etalyt sempesiiorbove. The
hi ahly unsat sl eyl AEHE0EL 16gsheldidd BithpdsRIBR'is Réned Wi HYEH £ Sufbtfe 0
hydrocarbon (as has been described above) before its redeployment in the selective

hydrogenation of this invention.

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

EXAMPLE [ _

This example illustrates that catalyst having a better "skin" of
palladium is produced by using a spinel.

The impregnating solution was prepared by dissolving 0.018 gram of
PdCl, into a small vial (about 10 ml) with 4 drops of concentrated HCl. The
content was heated to almost dryness while the vial was being swirled. Distilled
water (5 grams) was added to the vial to mix and dissolve the palladium salt to
prepare a PdCl, solution. An aliquot (0.94 gram) of the thus-prepared PdCl,
solution was then added to an ai-alumina support (1.025 g; about 3-7 m%g surface
area and 0.22-0.32 cc/g; in 3/16 inch tablet form) which was obtained from UCI
(United Catalysts Inc., Louisville, Kentucky) to form a mixture in a similar vial.
The alumina support was soaked in the PACl, solution for about 30 minutes at 25°C.
while being swirled. Thereafter the excess liquid was decanted and the alumina
having palladium supported thereon was placed in a porcelain dish about 3 inches in
diameter, dried at 125°C. for 2 hours, and then calcined at 538°C. in a force draft
furnace for 2 hours. This was Pd/Al,O, skin catalyst.



wat er ‘contai ni ng a soluble or insoluble substance, or conbinations of any
two or nore thereof. Preferably, the fluid containing a highly unsaturated
hydr ocarbon is an unsaturated al kene stream contai ning an al kyne, a
diolefin, or both as an inpurity, generally at a |evel of about 1 ng/Kg
(ppm to about 50,000 ppmof the fluid._ fhe highly unsaturated hydrocarbon
can be, for exanple, an alkyne, a diolefin, or conbinations of any two or
more thereof. Exanpl espnof sepdiaiAlng 137gtAM%f tHE hbe\R. PAT] sélior' s hiiéd ed to,
acetyl ene, propyne, 1-butyne, 2-butyne; 1-pentyne, 2- pentyne,

3- et hyl - 1- bwitlyiel 59 1grmyofrrinc alumminmte (in,1/8 imtableh fornt -Tib myigesurfacei etsphe, and
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al kenes. ForCletsiels Condfafly YERE PenfisydvanicR The niivttifeo @8 e drehed Rxhotlyeare,
propyne is primarily hydrogenated to propylene, and the butynes are
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oct adi enes, wrelredded diit g by didged HoR R boatT50cP kit akd edler 6f tharpill wo or
nore thereof. These diolefins are selectively hydrogenated to their
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hydr ocar bon and_hydrogen _can be_ introduced into _a _reactor. Alternatively, a

fiuid contai iy ndthgmalladinmeskin weryispally ohssrvsen Thias tounddheidha skBmi ni ng
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I ntroduced, ‘or prem xe -
10 - herein refers to more concentrated on the skin and less penetration into the support.

EXAMPLE II
This example illustrates the production of a "skin" Pd/Ag/ZnAl,0O,

catalyst.

Palladium chloride (PdCl,, 0.0229 gram) was dissolved in 5 g of H,0
with 10 drops of concentrated HCI to form a solution in a beaker. The solution was
heated to almost dryness on a hot plate. Water (9.61 g) was then added to
reconstitute and prepare a PdCl, solution.

Zinc aluminate (58.63 grams, as 1/8 inch extrude) obtained from
Calsicat which was similar to that disclosed in Example I was impregnated with the
entire content of the reconstituted PdCl, solution. Following drying at 160°F. for
16 hours, the catalyst was reduced in wet H, (hydrogen gas was saturated with
water at 25°C.) for 16 hours at 380°C. and then cooled to 160°C. followed by a
purge of nitrogen and air for about 4 hours. The dried catalyst was then calcined in
air at 380°C. for 5 hours.

‘A solution containing 0.1724 gram of AgNO; in 33.24 gram of water
was used to soak the calcined catalyst for about 30 minutes and then dried at 180°F.
16 hours to prepare a dried, Ag-impregnated catalyst, The dried, Ag-impregnated
catalyst was calcined at 200°C. for 16 hours in air and then 4 hours at 370°C. The

~ catalyst was a Pd/Ag/ZnAl,Q, skin catalyst. '



before their introduction to a reactor to contact with the catal yst which
is generally laced in the reactor before introduction of the fluid(s) into
the reactor. Any reactors known to one skilled in the art for selective
hydr ogenati on can be enployed in the present invention. The process of the
i nvention can be carried out in a batch,ygem - batch, or continuous node,
The term "inpurity” used herein denotes any conmponent in a fluid stream

that is not a mjor corgentsmhillilfes O8leseitfudatth dhtalyseweR! ficked 8 aavatéd kyne
or a diolefin include, but are not limted to carbon nonoxide, hydrogen

sul fide, caribekejad seintessisteqlaemstor (W inghtinnes dqmtsr 18 rimehes dongdi fi des ( RSR),
organi ¢ di S“fﬁén%%ﬁoﬁ%%%@rel 1498 20 aﬁﬁ%gbg B %an B HChe (BhBPHnd

di oxi de, water ers ONEs, oxXyl1c acids,

esters, ot hecroamaymathedeacmmuﬂdms hwied:ﬁﬂiﬂ:llaﬁad}dt@ﬂﬂ WeftertbmhofI‘hB’Or e
thereof, wherein each R can be an alk

or cycloal kyl or aryl
cont ai ni ng 1h3{d6°mfe§@us‘1§rléfsb9%llﬁl Eble rthe satalyshyas “@Fﬁg #‘11513 each

impurity is fr I e,
I mpurity canﬁl@éggégr?t&awpmg aFeve nﬁ?ﬁ%etls}% @E?r?ggou% Hﬁ dﬁgf %@Qm (9.
The t enper atpuigwaedmﬁmch ints tHehreacted fCEO29E mdrfeagbnaﬂetwamahﬂutaom ghly

et ur at o0 FRBIDET AL ISR Be rosr CLRGHAIMES AP0 Enply2ehyith s at
unsat ur at e rature
t hat can eff&ﬁ[) Hagra H”Vﬂfe%ﬁﬂtsﬁﬁthé st ﬁ’é%ﬁ&krﬁén F@IIkyne to an al kene. It

general | y depends gel’y "upon e activity an ectivity of a catalyst,
the anpbunts [of rnpurrtres tn the 11 ur ;he desired extent of rengval
of inpuritigs. Cenerally, areactron ture can be |nthe range df

about 10[er I’W 300terr1+€: preferaby—about—20—tp—about
250[ err] C., land TR pr ¢f er &€Q1/¢, 30 | o Kébflener | ¢. Ang,’suit apl e r@asti on

pressure carl-he_enplayeq Cenerallyl the total jnpressure jslin the randge of
about 50 to |aboutjg?, 500 prefgyabl y| abouty 75 tq abqupisl, 20D, ands nost
preferably 100 to 1, 000|pounds per pquare inch gauge (psiq . The liquijd or
gas hourly dpace Iocrty of the flhid car bver i de
range. Typidally, yfhe _93s spa'(':'e vel pci té%ﬁgn be S(f% ran ;e op%gglout 10 to
about 20, 00Q—TTfeTT tre—f | Ui d pel M erri_of jcatdal 65[ hour,__1or g
preferably gbout to about3.709, 500| n{ ePLOPAn err] / Hb nfl mo&008r ef gr abl y
100 t o 8, 000—He++t+Hextthowr—Fhp—tHguid—spdee—veloeityr-tef—the—+eed can
be in the rgnge afp3from|abow.695 0 0015 0.005

122 3.569 0 0.016 0.008

138 3.349 0 _ 0.015 0.007

161 2.803 0 0.012 0.005

*The feed contained 10.84 mole % ethane, 40.39 mole % ethylene, 0.238 mole %
acetylene, about 0.02 mole % CO, 34,698 mole % methane, and essentially no
ethers. The values shown are mole % except that C,”/C, is molar ratio. A zero
(0) mole % acetylene denotes acetylene content was less than 10 parts per million
by moles. The C,” run away condition was when the effluent C, was at 12.84
mole % while the C,” in the effluent decreased to 38.39%.

EXAMPLE III
This comparative example illustrates a selective hydrogenation with a
commercially available Pd/Ag/Al,O, catalyst.



0.001 'to about 200, preferably about 0.01 to about 100, and nost preferably
0.1to 50 nferr]/nferr]/hour. The nolar ratio of hydrogen to a
hi.ghly unsaturated hydrocarbon is in the range of about 0.5:1 to about

10, 000: 1, preferably about 1:1 to about 5,000:1 and nost preferably 1:1 to
1,000: 1. The hourly space velocity of thg hydrogen- containing fluid, if
separately fed to a reactor containing a selective hydrogenation catal yst,

i s chosen so as to pr OI’ﬁéjé‘atﬁyWﬁra Ecthnerel PHZA%/AQ@ Rb@ sy whithadontaiteid

hydr ocarbon in the range of about 0.5:1 to about I0,000:'1, preferably about
1: 1 to about0.6]108@ight dnBdND.665 mreight Valdgyant: dbout99 v@ight ¥ alumina. It had a

Regenerati o he cat al yst. ,conposj tion, c be accopplish by heating the
cat al yst cog?)]gtﬁﬁ a?‘?1ar§¥r°%(3atf’rg; /gnﬁ%{]gﬁe@%?ﬁeﬁ%g%}yy%does not
exceed aboutacéfdhfide With kheSRethdd [desdpibed i@ U.S. APhterit 3! 14,4046 245¢6 @54, Tinds
exanpl e, organic matter and/or char that may have accunul ated on the

catal yst condo4)k disalosastdfovhich is herein insorprrated dyyrefesensae rlbiertalysiivas t i on
[ d d with H Lt.abl d i bed ab
botore i to rimaUigel el CARanE i CDREE TR KIRRGRACT ThoC ] P ant o)

The foll owi ng exanpl esTRY eatily&Sedxtadd 9 a fseletthes hydrdgenhtici Rst Whithiwasent i on
and are not to _be construed as unduly |imting_its scope. . .
EXAMPLE |  carried out the samejas thag disglosed in Expmple {sThesasulénergishewndayi ng a
better "ski "ab(fé IIpal | adi umis produced by using a spinel.

The i npregnating sol ution was prepared by dissolving 0.018 gram of

'FFﬂS [err] inqro—a smart _viar (apout luTm LEV\A'Hgn Z—drops of _concentrateq HCL.
T (F) C,7/C, Acetylene C/’s Cq's
101 - 0.093 0.01 1 0.006
108 --- 0.050 0.016 0.008
117 3.696 0.002 0.017 0.008
119 3.682 0 0.019 0.008
138 3.436 0 0.019 0.007
151 3.163 0 0.017 0.006
160 2.887 0 0.015 | 0.065
*Sec Table I footnote a.

EXAMPLE IV

This example further illustfates the use of a Pd/Ag/ZnAl,O, skin
catalyst in a selective hydrogenation of acetylene to ethylene.

The catalyst was made with 30 grams of zinc aluminate, 30 grams of
PdCl, solution, and 30 grams of AgNO, solution were employed. The PdCl,
solution was prepared by diluting 12 grams of 0.1 g Pd/100 g solution of PdCl, to
60 grams with water and the AgNO, solution was prepared by dissolving 0.2268
grams of AgNO; in 60 grams of water.



conterit was heated to al nost dryness while the vial was being swrled.
Distilled water (5 grans) was added to the vial to mx and dissol ve the

pal ladiumsalt to prepare a PdC [err] solution. An aliquot (0.94 gram of
the thus-prepared PdCl[err] solution was then added to an a-al um na support
(1.025 g; about 3-7 nferr]/g surface ar ege and 0.22-0.32 cc/g; in 3/16 inch
tablet form which was obtained fromUC "(United Catal ysts Inc.,

Loui sville, Kentucky) : oLt | i i idal i
support was soaked in %.ﬁgi l%%](?eﬁart?z stL‘b'(1)lftludtn|r(3g é%@%)a‘g%su%adg%t%ﬂr?ﬁt%gﬂg%&a
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por col ai n i esasfe 39 en doed A TPRRCForSh it dnd Bofialied of gthosrs, oy o

and then cal gigzgeC atThadp bRinisl 6 ASNO2 sE18fiGEwHs fech dddedaf thel@lcied@tlgst Thi s
was Pd/ Alferr](Jerr] skKin catal yst.

- 12 - to form a second mixurse pAftert Ehowngt 28°07 thy solwtisin wasdrainsdethedolid
solution was_m xed, with,1. 15 ram of zj pc al.um na J-N 1/ 8.1 n tabl et
form 7.3 n{‘@?sr%"feéi Maée&’égg g Stﬂ“i_/\ﬁ’ﬁ“ﬁ?)‘fmghg# Q‘]qf@a BOES(t0 ot al yst
Di vi si on of (abdrt AO/AGIZnARRS,| sk YatslH & Bohkiing 0 /R 3Rightt%sl I, (PENREIshY 941 2.
The m xture 'was then treated exactly as described above to produce a

Pd/ ZnAl [ er r | &g.cand] 9%80 weight % ¥sALO,. Both skin catalysts were
made in tablet forns Kll.s of .the tablets were reduced w th a hydrogen
low at about  150[ er r ] Ehe feiective Bygfongpsr sfes epti o e e oy ™
gray- bl ack. diScléded ifEXatdplEll dxbépt IHRARRE EfalySt Badd inl thisSEXMPM a8 ubétl, THeOT .

The change toaﬁray-bl ack color was due to the reduction of palladi um oxide
so that the yesuliszare ghowkimTabla IBe observed. Thereafter, individual tablets

were spl it in hal f andtbg habl agbih ) R ocal e prGAREH 7 the dobne?

found that the skin on
procedure except that an o-alumina was used in place of zinc aluminate. The thus-

obtained Pd/Ag/Al,O, skin catalyst was used to selectively hydrogenate acetylene as
disclosed in Example II. The results are shown in Table IV.




zi'nc alumnate was much better than the skin on alumina. The term"better”
used herein refers to nore concentrated on the skin and | ess penetration
EXAMPLE | |

i-nto the support.
This exanple illustrates the production of a "skin"
catal yst. Pal | adi um chl orjgle (PdCl[err],

Pd/ Ag/ ZnAl [err]J err]
0. 0229 gran) was

di ssol ved |n590f H[err]O with 10 drops of concentrated HO to forma
solution i n[@beaker. The SoruUrTonm wWas nedated o at most dryness omn a fjot
plate. Water| (9.61 g) was then added TABEEdMAstitute and pr epare a PAl 2
sol ution. Z-re—a-ur-pat-e—(-68—63rgrars—as—t Hreh—extHude)
obt ai ned frgm Calgngat Whi CEthaﬁé si m |Bth ledet hat dicsigleased| i n E}gaﬁpl e|l was
impregnated (with the enfire content} of t?t’e reconstituted POC 2 solutign.
Fol I owi ng drlyi nggal. 160ferr] Ry for 116 , the c yst as regguced|in
wet H err] (lhydrogen gag was saturgred W th watler at 5[erf]C. ) for 1§
hours at 38([errJL and[then cooled to T60l err T ovved by a rge |of
nitrogen and air ?%r about 4 Yours.| Th ed dat aI gé t hen + calcired in
al r at 380[ i‘i‘.l C I UI \J IIUUI . OUI UL I Ul L,Jllt ar 1 IIU C 1724
gram of AgNQ[ err]104n 33|24 g79n of Wwat €8.0%s uded t @34o0ak |he cil4ci ned
catal yst forlahaout 30 minutes and then dried afl 180[err]1FE 116 hours tg
prepare a drji ed, 1fg-i npfegnajyd catpl ysgg.o2khe dqri ed,g3Ag-i npregngied
catal yst wagq calcined af 200[err]C.|Jfor 16 houfds in air anfl then 4 hoyrs at
370[err]C. The c | yst d/ Ag rldlerr] gkin chtaly
- 13 - alhg venty61 L1l tefés[]g{9 t hg extrUdat es|cata 4st wgr e
packed i nto fwater

108 1276 68.043 0 360

109 1806 68.021 0 206

110 1623 68.021 0 509

113 2164 67.970 0 502

114 2287 67.964 0 350

121 3962 67.859 0 469

130 6894 67.547 0 441

139 11475 67.056 0 407

145 14943 66.734 0 368

153 21135 66.150 0 345

160 29370 65.304 0 322

the product stream.

°’C, i'unaway target wt %=64.995 (feed - 3%). The values shown for ethylene
are weight %. All other are ppm by weight. The feed was a de-ethanized
ethylene feed containing 300 ppm CO and there was little or no heavies (>C,) in




j acket'ed stainless steel reactor (1/2 inch inner dianeter; 18 inches |ong).
Ther nocoupl es were inserted into a thermal well which ran through the
center and coaxial with the reactor which was heated with an external water
‘bath. The hydrocarbon feed used is shown in Table I. After the catal yst was
treated-with Herr] at 200 psig (90 cc/nn) at roomtenperature (25[err]C.)
for 16 hours, the feed at 200 psig was introduced into the reactor at
102[err] F. The feed ratig MasitsAROEHbIIND siici Mab disRin Aitalysiipréparddion kike I eact or
ef fl uent was sanpled and anal yzed with a gas chromat ograph. The results of
the test ar caleminate spinelapisapport had very good catalyst activity because it had a low TABLE

|[err] clc-',r %Sﬁr:rﬁ é:rgture of l(gé’%gr /eq{:r%rl r"lzleanup te161pe’A‘r%n%[r«)!'J ﬁ%ﬁnecba%%q err]
96temgerature at which the acetylene concentPatidf &t the reactor exi® i lkgs than 20

: 9 ) 3..709 0. 004 0.016 ]

. 005 ppm by weight. The resultsggable III also show that the Pd/Ag/ZnAl,Q, skin

: 005 catﬂ}é% had a high run as%g;%%gpperature. The terr% "runaway temperatwga_“ 8%2

. 007 defibed as the temperature aB&v which uncontrollable hydrogenation of éhléde
. 005 "The feed contained 10.84 nole % et hane, 40.39 npl.e % et hyl ene,

.23 8 ol e beginsacEhe¢leanup temperatuge 52 mepurepithe catalysh activitys the losterdhe, and

essentially ther I 1. )&ﬁ?&
Cerr]/derr Qa}ngﬁ no a%a?%{%b&dﬂ §%r%ﬂg%eaér?o?ﬂlg§°l/og _ag%?y enéenchz!%%‘?%eg the
acetyl ene conhawiy vesperstare dndahe tRamgy tetppmatureiis & ingeasure of the selectivity of

COO0OO0OO0OO0CO ™
o
o
(o]

Pt

the catalyst; a more selectivity catalyst has a larger difference.



by noles. The C[err] run away condition was when the effluent C2 was at
12.84 nole % while the CJerr] in the effluent decreased to 38. 39%

EXAVPLE | I | This conparative exanple illustrates a sel ective
hydrogenation with a commercially available Pd/ Ag/ Al[err]O[err] catalyst.
- 14 - The catal yst was ajgonmercial Pd/Ag/ Al [err]O[err]

cat al yst which contained 0.018 wei ght % Pd, 0.065 wei ght %Ag and about 99

wei ght % al (T Tr—H—frat—a BEF NSt aTe—area o305 merTi7g, and had
- been prepardd substantially in accor dBABEEWM h t he net hod described irn U. S.

Pat ent No. 404 124 {nnl T Ta'a'a N N s 32 Al—'\\ di-sclosure—of whichis—Herein
I ncor por at ed by Téhﬁ;?r enge. Eﬂ]iaﬁe catfal ygﬂlymg pJovAdagllehy Uni te,Cat al ysts
Inc. (UC), |Louisville,|Kentucky. The cat al ypt was used|in a
sel ective hydroggngtion|test i ch pas I ed out sang as tdat
di scl osed in %8 e II The Tesults ar@?% ovvn Tﬁt??e I d]
TABLE |1 [ errf] el’l’jl-ﬁ qerrd I’j ACETyT ene
Cerr] @Pérr] 91Q1 47 289 0. 0%
0.011 0-~066

mur 1718 68.110 106 495

113 2001 67.963 61 237

114 2098 67.921 49 298

117 2249 67.924 56 338

118 4008 67.746 ' 0 333

119 2856 67.842 23 330

129 8354 67.344 0 261

145 20401 66.128 0 225

146 20448 66.258 0 214

153 21855 66.050 0 189

160 40803 64.207 0 186

*See footnote a in Table III except that the C,” runaway target was 64.963%.

The results in Table III and IV show that the invention catalyst

Pd/Ag/ZnAlO, had comparable activity and selectivity as a Pd/Ag/AlO; catalyst.
EXAMPLE V

This example shows a Pd/Ag/ZnTiO, skin catalyst and the use thereof
in a selective hydrogenation of acetylene to ethylene.

The zinc titanate supported skin catalyst was prepared by the same
procedure described in Example IV except that zinc titanate was used as support.
The hydrogenation was carried out the same as that described in Example II. The

results are shown in Table V below.



108 --- 0. 050 0. 016 0. 008
117 3. 696 0. 002 0. 017 0. 008
119 3.682 0 0. 019 0. 008
138 3.436 0 0. 019 .0. 007
151 3. 163 0 -19 - 0. 017 0. 006
160 2. 887 0 0. 015 0. 005
Tabl e | footprote—e EANMPEET
This exanpl g further illustrates the TABLI VA Pd/ Ag/ ZnAl [err] J err] sHi
catalyst in aé.a_ecu_\Le.I.h.)Ld.Log.enal.A. ene-to othylene |
The catal yst| wasrggmgle Wt h Bfhas ans ongl' Raeal ym Agti9lend0 pramg,oh
PdCl [err] sqlution, and 30 grans of err] solution wer p ermloyed
PdCl[err] sql uti br epar gd by dl| gra f 0.L g Pd,100 ¢
sol ution of Pd(:l%9 fl‘r] t¢ 60 §ams wth%ﬁa@r and t@3 gNQCB| sol u 4on WE
repared by [Of bbUI VI g - 44‘8 ranms| of —AgNO erff—T1m 60 gra of_water.

Prep Y 7 _ O9 56£.J2\|8k1Jl : 1163 7 01

112 328 56.117 481 297

133 1620 55.908 79 203

137 1874 55.860 62 205

143 2633 55.763 25 177

146 12290 54916 0 199

150 3806 55.700 0 192

156 - 20044 54.151 0 131

156 5945 55.590 0 207

- 161 6784 53.449 0 200
170 9942 52.154 0 185
200 45857 51.662 0 117

*See footnote a in Table IIl. However, the feed was a de-propanized ethylene

stream containing 821 ppm CO.

" See

>

The

S

Table V also shows that the skin catalyst Pd/Ag/ZnTiO; had a very

good catalyst activity, i.e., low cleanup temperature, and good selectivity, i.e., large
difference between the cleanup temperature and run-away temperature.

EXAMPLE VI

This example demonstrates that a magnesium aluminate can be used

to prepare a skin catalyst useful for selective hydrogenation of acetylene.

Thirty grams of Haldei'-Topsoe CAM-9L MgAl,O, tablets (about 5.1

X 5.4 mm, obtained from Halder-Topsoe, Houston, Texas, having a N, BET surface



-15 - - An aliquot of PdC [err] solution (30 grams) was added
to zinc alumnate in a ceramic bow to forma m xture. After 1 hour at
23[err]C the solution was drained, the solid was dried at 125[err]C. for
30 mnutes, and then calcined for 2 hours at 454[err]C. Thirty grans of
AgN( err] sol ution was then added to t heygal cined catalyst to forma second
m xture. After 1 hour at 23[err]C., the solution was drained, the solid was
dried at 1258 6f 52 nPgaxiaOafata évomﬁfé SEM e@by waeduﬁhmﬁnra]&orfor 2
hours to prepare a Pd/"Ag/ ZnAl [err{i%err] skin cat al yst containing 0.02

wei ght % Pd bl@del@dma@h wishrbottlech H,0 3. @Beswendythen dirizd At $37C.1fof &6 hpurs. A

The sel ective drpgenat i onL Ve t th sane as | osed in
Exanpl e 11 5@%‘{ fﬂﬁt WE“%@%&H&’?‘HFS VR éiYngézgsg%@ A
results are ¢iReY weils hT@/btPa df'a'PdCl solution for 15 mirufesowitle PairBAL and Sfilidgat i ve
run, a cat allé‘st was prepared by the sane grocedure except that an a-al um na

was used i n Itcgsses ummsﬂmeumpmd@ffmbb frdeied bightly frdlowed bxdrmineedtr | Qerr] -

skin cataly d to selectively hydrogenate acetyl ene as disclosed in
Exanple 11. Sélsnga?‘gﬁ ? Sare shown in Table IV.

- 16 - The PdCl, solutlon was%ﬁd'ds'fbﬂéﬁi First, 08100 gram of
Et hane Et hyl ene Acet yl ene CEL f eed;
67. 995 PdCl3 »@e weighted into a 300111 beaker. Fifty drops of concentrated HCl solution

was then added to the beaker. The content in the beaker was heated slowly, gently
on a hot plate with swirling until almost dry. Distilled H,O (15 ml) was added to
the beaker and the content was again heated with swirling to get all solid dissolved.
The resulting solution was transferred to a tared bottle and filtered through piece of
Kimwipe paper towel followed by rinsing the beaker into bottle 3 to 4 times. Water
was added to the bottle to make 300 grams of solution.

The dried mixture was calcined for 2 hours at 454°C. Thereafter, the
calcined Pd/MgAl,0, was soaked in an AgNO, solution, which was prepared by
dissolving 0.096 grams of AgNO; in 24.0 grams of bottled H,O, for 1 hour with
stirring every 15 minutes. Excess AgNO, solution was poured off. The solid was
then blot dried on paper towels, dried at 85°C. for 16 hours and then calcined at
454°C. in air for 2 hours.

The Pd/Ag/MgALQ, catalyst was then used to selectivély hydrogenate
acetylene as described in Example II. The results are shown in Table VI.



99

795
68. 026
81

360
110
2164
67.964
0

441
145
21135
65. 304
(feed -

0 68. 249 663 417 104
68. 077 134 514 105 1014
: 83 527 106 961 68. 139
514, 108 1276 68. 043 0
109 - 1806 . 68, 421 0 206
1623 68. 021 0 509 113
67.970 V) 502 ™= 2387
0 350 TABLEMI® 3962 61. 859
469 130 6894 67 547 0
139  Temp | 147Bthane OEthyae Acetyletle Cs 447
14943 66. 734 0 368 133
66130 0 345 160 29370
f%g 152 322 [er7r1]4(9[0err] runavvgy t aJ get v%t %=64. 995
3% . The val ues|snown_1or ef nylene
100 775 71.770 793 - 357
107 609 71.900 522 415
116 1336 71.840 45 430
120 1670 71.770 20 428
124 2020 71.740 6 423
138 4877 71.480 0 400
149 8821 71.140 0 391
152 10385 70.950 0 370
162 17116 70.250 0 347
177 35890 68.360 0 315

® See footnote a in Table III except the runaway target was 68.400%.

Table VI demonstrates that a skin catalyst supported on magnesium-

aluminate also had good activity and selectivity.

The results shown in Example II-VI are summarized in the following

Table VII.



are wei ght

(=(err])
17 -
prepared on

%

Al'l other are ppm by wei ght

The results in Tabl
zinc alum nate spinel as su

e |l
rt had very g

ood .cat al yst

The feed was a de-ethani zed
et hyl ene feed containing 300 ppm CO and there was little or
in the product stream

no heavi es

show t hat a skin catal yst

activity because it had a | ow cl eanup tenperature of 107[err]F. The term

"cl eanup t enperature* s—defrmed—as—tire tenperature—at whrchr—tte abcty| ene
concentratidn at the reactor exit is TABIEMEn 20 ppm by wei ght. The
results in Table 111 alsa show that the Pd/ Agl 7nA’]%e_r_r_]_q_err] skin catlal yst
had a hi gh rfun awgyaygnper 1turerrl(13pg term "run t enpprat WE{°R.p defli ned
as the tenpdgrature above whi ch uncontrol llabl e hydrogenali on of ethyl efe
begi ns. The [cl . erfture i,S,a nmeaqure of e catpl yst ivity;| the
| ower the cl eamx&é&fpat ir e is,ﬁ{;he norle acti t he cht al ystasrglt S. The
di ff erence Qetweem tHhe TUmTEWaYy [engerdt UTfe and thne creapup tenperaturg is a
measure of t|hPHABOALQE y| of thdOtatal ygt; a nb¥e sel eftivity4atal yqt has
a |l arger di fference

Pd/Ag/ALO," 117 156 39

Pd/Ag/ZnALOS 108 163 55

Pd/Ag/ZnTiO,f 144 192 48

Pd/Ag/MgAl O, 120 77 57

®See Table II.
°See Table 1.
4See Table IV.
°See Table III.

containing 821 ppm CO.
£See Table VI.

*T, denotes cleanup temperature, T, refers to runaway temperature, and

AT is the difference between T, and T,. The larger the AT is, the better the
selectivity is. All data were obtained from runs with de-ethanized ethylene feed
containing 300 ppm CO, except Pd/Al/ZnTiO,, footnote f.

See Table V. The run was carried out with a de-propanized ethylene feed

The results in Table VII indicate that the invention catalysts using a

spinel as support are as good as, or better than, the catalysts using an alumina as

support.

EXAMPLE VII
This example illustrates the measurement of skin thickness of

palladium, or the depth of palladium deposition on a support surface.

The runs were carried out as follows: For each sample,

representative pellets were embedded in epoxy (obtained from Buehler, Ltd., Lake

This Sheet Has Been Rep

-

ace
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REPLACED



- 718 - "TABLET | V[err] Tenp

Et hane Et hyl ene Acet yl ene derr] f eed:

67. 963 3372 0 106 910

68. 047 289 ' 356 111 1718

68. 110 106 : 495 -23 - 113 2001

67.963 61 237 114 2098

'g;: 83411 Bluff, Il‘féiéois) and allowed to?%%'m?) erize oveﬁ%ht. A thin cut w%% ﬂ%dog e with a
67. 746 Buehler Ifomet diamond saw 8B&kpose the intetidr of the embedd@Bpéllets. This
67.842 23 . . .

67. 344 exposed syrface was polished %l%%ugh success%ég' smaller grit pol%%mg]&l media,
66. 128 ﬁnishin% Qith submicron cglléidal silica. Each4flished sample wa9€ddted with a
66. 258 214 153 21855

66. 050 thin layerOof carbon in a vacuti®Oevaporator td @ovide conductivityOfpd $xamination
64. 207 . 0) 186

in the electron microprobe.

The instrument used for the analyses was a JEOL 733 electron
microprobe with Noran Voyager stage and spectrometer automation. Instrument
parameters include 20 kilovolts accelerating voltage, 40 nanoamp beam current, and
a focused electron beam. Line traverses to determine the metal deposition in the
pellet interior were set up to start at the outer rim and to end at or near the center.
Intervals between the analysis points were varied to define the deposition profile.
Within the outer 200 micrometers of the traverse the interval ranged from 2 to 10
micrometers. From there to the pellet center the interval was approximately 120
micrometers. For examples that did not have silver addition, traverses to the pellet
center were done on only one pellet and only the outer 200 micrometers were
analyzed on the remaining pellets in order to save analysis time.

To determine the inakimum depth of effective palladium deposition,
the concentration at each analysis point was normalized to the maximum
concentration in that traverse. For comparison purposes, the penetration depth for
palladium was considered to be the point where the deposition dropped to a
normalized value of 0.1 compared to 1.0 for. the maximum concentration. This
distance was typically at the point where the rapid decrease in the palladium
deposition ended and was always before the concentration dropped below the .
detection limit of the analysis technique (0.02 weight %). To get finer detail from
the data, the distance that corresponded to the normalized value of 0.1 was
interpolated from adjacent analysis points.

The results in Table VIII below indicate that palladium deposition on
the alumina support was deeper into the pellet (69 micrometers) compared to 24
micrometers within zinc aluminate, and 33 within magnesium aluminate. The

- average depth of palladium deposition on zinc aluminate support was, in fact,

statistically the same as the magnesium aluminate support.

Sheet Has Been Replaced
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[err] See footnote a in Table Il except that the Cferr] runaway target was
64. 963% The results in Table 11l and IV show that the

i nvention catal yst Pd/ Ag/ZnAl J err] had conparable activity and sélectivity
as a Pd/ Ag/ Allerr]Jerr] catalyst. EXAMPLE
Vv This exanpl e shows a Pd/Agf ZnTi Jerr] skin catalyst and the
use thereof in a selectlve hydrogenatlon of acetylene to ethylene

The zinc ti trarmate ‘ . ' ' -
procedure descrl bed in Exarrpl e |V ex’E@BLEtWéP zinc tltanate was used as

support. The h\/r{r agenat Lon vwas carried out the sane as that rleqr-rl hed i n
Example I1. T@ﬁal&ﬁ%ﬁﬂp@rtar e phawimina TRPiR Nivdgh@¥.| Magnesium Aluminate
- 19 - TABLE V[ er r{] Tenp
Et hane t. hyl.ene Acety e | err] f n 2NC 0
56. 188 ol {pjgitiess (um) 7 fg%s 5’;835)
56. 281 TT63 201
56. 117 *The xglue was average of pwgasurements of 6 catalyst pellets. The catalyst is
disclosed in Example III.

®The value was average of measurements of 6 catalyst pellets. The catalyst is
disclosed in Example II.

°The value was average of measurements of 3 catalyst pellets. The value in the
parenthesis was the result of a separate run and was average of measurement of
7 pellets in which silver was not present. The catalyst is disclosed in Example
VI.

EXAMPLE VIII

This example illustrates the superior selectivity of a skin catalyst over
a non-skin catalyst. |

The skin catalyst used was the same as that disclosed in Example VI.
The non-skin catalyst was prepared as follows. First, a PdCl, solution was made by
weighing 0.159 g PdCl, into a 10 ml beaker followed by adding 1.0 g conc. HCl to
the beaker. Upon heating for 30 minutes, not to dryness, the PdCL,/HCI liquid was
transferred to a bottle and diluted therein to 100 g with bottled water.

Secondly, 25.87 .g of magnesium aluminate, prepared as described in
Example VI was prepared. A portion (7.998 g) of the PdCl, solution prepared
above in a 10 ml beaker was added 32 drops of conc. HCI (1.059 g) to prepare an
acidified PdCl,. The magnesium aluminate was incipiently wetted with 7.187 g of
the acidified PdCl, followed by drying at 85°C. for 2 hours, at 100°C. for 4 hours,
and then 454°C. for 2 hours in 200 cc/min air to prepare Pd/MgALO,.
' Thirdly, an AgNO, solution, prepared by dissolving 0.100 g of
AgNO, with 24.89 g of bottled water, was poured over the Pd/MgAl1,0,. After 1
hour, with stirring every 15 minutes, excess AgNO; solution was poured off and the
solid was blot-dried on paper towel, further dried at 85°C. for 15 hours, and

This Sheet Has Been Replaced N THIS SHEET. HAS BEEN
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133 1620 55. 908 79 203 137
1874 55. 860 62 205 143

2633 55. 763 25 177 146

12290 54. 916 0 199 150

3806 55. 700 0 -25. 192 156 -

20044 54. 151 0 131 156

2945 calcin®d: foP@ hours at 100°COand then 2 hours at434°C. 161 6784
53. 449 0 200 170 9942

52.154 0 The skin catalymd non-skin gagalyst, both support@gvagAIZO,,,

51. 662 f.0ot no .
rowever, t he" PRI selseted bydoRfiation 35 Hoteried Bt FRalpledhndBe AFHE 82 pom
COo summarized &P Tabl¥ IX Bddowhows t hat t he Skl n cat al yst

Pd/ Ag/ ZnTi

err]

ow cl eanup

t enperature,
cl eanup teny

had a very good catal yst activity, i.e., |
and good selectivity, |

Kae di fference between the

erature and run- away tenperature.

EXAMPLE VI TS exanpl e ae NStrat es| t nat me[gnesT um
al umi nate cgn beatalysld t  Borrapairation @wpn| cal 4K}t useTz(lTF}or séfeCtilve
hydr ogenat i ¢gr—ef—acety--pre- Fhi+t-y—gf-ar ‘
CAM 9L MyAl [lerr] Skiarr] {abl et3 @38out 5|1 x1Z0 4 nm obtAi ne(d frdm
Hal der - Topsqe, Houston, | Texas, having alN2 BFT sufrface

Non-skin 2500° 221 259 38

'See footnote

bSee footnote

2500 pm.

a, Table VII.
a, Table VIII.

°Palladium was distributed throughout the catalyst pill having a radius of about

The results in Table IX shows that a skin catalyst had much lower
cleanup temperature (T,) and higher selectivity (AF) than a non-skin catalyst.

The results shown in the above examples also clearly demonstrate

that the present invention is well adapted to carry out the objects and attain the ends

and advantages mentioned as well as those inherent therein. While modifications

may be made by those skilled in the art, such modifications are encompassed within

the spirit of the present invention as defined by the specification and the claims.
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-+20 *--area of 22 nferr]/g and a total pore volume of 0.21 cc/g) was cut

in hal f g de and washed with bottled Herr]O 3 tines and then
dr.i ed ,a”w i’"@imﬁ 6 hours. A portion of the magnesium al um nate
L

(24.943 gr ed with 24.943 granms of 0.02 weight % Pd of a
PdC [err] solution for 15 mnutes with sydrling and stirring. Excess
solution was then poured off and blot-dried lightly foll owed by drying at
85[err]C. for 3 hours. c /el R§l 2 sol ution was prepared as
follows: First, 0.100 gram of PdC [e—IT"_rr was wei ghted into a 30 m beaker.

Fifty drops lof concentA abmgosifidin ssefultdasancatalyst tforchydroghmdting an masabaratedr . The
content in the beagker s heated slowy, t on a hot plat ith
swirling unhﬁyﬁf‘)&ﬁﬁ)ﬁgt sa‘é& GOmMpHHG ?(gﬂprp%lrgg( 3%%‘1]@%‘5 sﬂye/‘r,m aafBH’gE %r?lﬁe

beaker and t Bt adPSIVAD e eadR Br&EntHtd subibA ouin® {@effect!shidso! i d
di ssol ved. 'Isﬁlg@g{iﬁﬁng sol ution w?g transfserreld to a tared bottle and

filtered thrhydigepationcofcdn wtisatnrgted bypdrecarbamwel fol | owed by rinsing the
beaker into pottle 3t

4 tinps. Water added.to.the.bottl.e t.o make 300
grans of sol4ti on. A composttior aw?ﬁgn%ix‘?g]ﬂ‘% XW&F?%\E\%dggﬁaé‘%dsfor 2
hours at 454 aih] 4 skl QIsBMAT on tHeSsuERbS bNQEd Btb&A [err] Jerr] was soaked
Ln an AgN(J err] sol ution, which was prepared by dissolving 0.096 grans of
9

AgNQ[ err] ir3.24.0 grank cofpbsition actording itq claim @ wherein thethicknessiof spidg every

15 m nutes. CESS err]. sol uti of f. The solid was then
bl ot dri ed c?ﬁ’p’édﬁrtﬁ?%fié’,fﬁmg uﬁﬁ%@é}‘ﬁ@ﬁﬁm 16 hours and t hen
cal cined at g#54[err] C-Aicﬁm? §itib1® beodrdifg! 6 claim 3, wherein the thickhiéss of said

b
Pd/ Ag/ MgAl[err]Jerr] catalyst was then used to selectively hydrogenate
acetyl ene askiteisdnithe sangg obfeop(l@ to pboutHO0EBY| t s are shown in Table V.

S. A composition according to any one of the preceding claims, which

further comprises an alkali metal-containing compound.

6. A composition according to claim 5, wherein said alkali metal-
containing compound is an alkali metal fluoride. _

7. A composition according to any one of the preceding claims, wherein
the metal of said spinel is zinc, magnesium, calcium, beryllium, strontium, barium,
radium, iron, manganese, zirconium, molybdenum, ruthenium, rhodium, cobalt,
germanium, tin or a combination of any two or more thereof.

8. A composition according to claim 7, wherein said spinel is zinc
aluminate, magnesium aluminate, zinc_: titanaté, or a combination of any two or more
thereof. |

9. A composition according to any one of the preceding claims, wherein
the weight % of said palladium is in the range of from about 0.0001 to about 3%.
10. A composition according to claim 8, wherein the weight % of said
palladium is in the range of from about 0.0005 to 1.5%.

11. A composition according to claim 10, wherein the weight % of said
palladium is in the range of from about 0.001 to 1.5%.

12. A composition according to any one of the preceding claims, wherein

the weight % of said silver is in the range of from about 0.001 to about 3%.

CASE: 33465
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Et hane
71 400
793
415
120
2020

71. 480

0
370

TABLE VI [err] Terrp

I <o RS

357 107 609 71.900 522
116 - 1336 71. 2‘3,4_0 45 430
1670 71.770 428 - 124

13. /1. 640 A compos1t10rpaccordmg to anI é?e?‘of the prece&fﬁg claims, wherem4§7z40
the g@ight ratio of sik2r to palladlum is0i88he range of fronv@b@B®.1:1 to about 0
20:1.
14. A composition according to claim 13, wherein the weight % of said
palladium is in the range of from about 0.001 to about 1.0%; and the weight ratio
of silver to palladium is in the range of from about 3:1 to about 8:1.
15. A hydrogenation process comprising contacting a highly unsaturated
hydrocarbon, in the presence of hydrogen, with a composition according to any one
of the preceding claims, under a condition sufficient to effect selective
hydrogenation of said highly unsaturated hydrocarbon to a less unsaturated
hydrocarbon.
16. A pi'ocess according to claim 15, wheréin said hydrogen is present in
said highly unsaturated hydrocarbon.
17. A process according to claim 15, wherein said hydrogen is fed
‘separately and mixed with said highly unsaturated hydrocarbon prior to said

- contacting with said composition.
18. A process according to any one of claims 15-17, wherein said highly
unsaturated hydrocarbon comprises a fluid which is water, steam, water containing a

soluble or insoluble substance, or a combination of any two or more thereof.

{THIS SHEET 1AS BEEN
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162 ° 17116 70. 250 0 347 177
35890 68. 360 O . . 315 [err] See footnote a in
Table |11 except the runaway target was 68.400% Tabl e VI
denonstrates that a skin catalyst supported on nagnesi um alum nate al so
had good activity and selectivity. The results shown in Exanple
[1-VI are summarized in the follow ng Ta2b e V.

- 22 - HYDROGEN{_ATTIO% gPTA;rYsF ANPBRoMidSE THEREWITHCat al yst
Tlerr]([err] F.) err err|F. err err|F.)
Pd/ Ag/ Al [err]err] 11BSTRACT OF THE DISCLOSVRE 39

Eg; ﬁg; iln/[AIJ (ra]r a gr (ra]r ] A composjit(l)éﬁ_gnd a process for using féeggomposiﬁon in a selective 384

Pd/ Ag/ ZnAl [ efyiitdgeBdtion of a highly unséf@fated hydrocarbon such@3, for example, an alkyne 55
or diolefin, to a less unsaturated hydrocarbon such as, for example, an alkene or a
monoolefin, are disclosed. The composition comprising palladium, silver, and a
spinel wherein the palladium and silvér are each present in a sufficient amount to
effect the selective hydrogenatlon of an unsaturated hydrocarbon. Opt1onally, the
palladlum is present as skin distributed on the surface of the spinel. The
composition can further comprise an alkali metal-containing compound such as, for

example, potassium fluoride.

CASE: 33465



Rdt Ag/.ZnTi Jerr] . 144 192 . 61'77'?!?[,:1 )
Pd/ Ag/ MgAl [err] Qlerr] 120 o 177 1POSS o
[err] T, .denotes cl eanup tenperature, T2 refers to runaway tenperature, and
AT is the difference between T[err] and T[err]. Sabstiatgesheehe § biay T9BS;

the. better the selectivity is. Al data, were obtained fromruns with

de- et hani zed et hyl ene feed containing 3d0- ppm CO, except Pd/Al/ZnTiQerr],

- footnote f. . [err]See Tab LI, rr] See_ Tab l . I
Lorr) See TabiBfide; D g Apd Banited 10, eflaph. Feipah iapcs, perfideb Bliap&iopiehes
de- pr opani zegecghély nepiahd, 0@l cofitbitiafibid HatvoPiib#e thedeof.r Exampleslfe VI .
The results in Table VIl indicate that the invention catalysts using a
slpl nel, as suppeturated dydeocerbons inslude, bus@re aot limided to, npnealeﬁpw@ #sing an
alum na as s ri. ) : .
Thi's oxaml cARP{ete: POPUEIS RuteRgs FEishEs, hotspes potenes, and deCilBiaratioie -
the dépth of caaphids $iiePasphttialtheslkgnes spipas acktyléres propyne, and butynes;  The
runs were carried out as_ follows: For each samle,- regr seagt ative pellets

ares .

were enbeddediolefinspusly ag btedicness Pentedicnssdinchiding isepreng) lenes,

octadienes, and decadienes; and combinations of two or more thereof. The term

"highly unsaturated hydrocarbon" refers to a hydrocarbon which contains a triple
bond or two or more double bonds in a molecule. The term "less unsaturated
hydrocarbon” refers to a hydroqarbon in which the triple bond in the high
unsaturated hydrocarbon is hydrogenated to a double bond or a hydrocarbon in
which the number of ’double l:ionds'is one less tﬁan that in the highly unlsaturated
hydrocarbon. The term "selective hydrogenation" is referred to as a hydrogenation
process which converts a highly unsaturated hydrocarbon such as an alkyne or a
diolefin to a less unsaturated hydrocarbon such as a monoolefin without
hydrogenating the less unsaturated hydrocarbonté a safurated ora more- saturated
hydrocarbon such as alkane.

According to the first embodiment of this invention, a composition
which can be used to selectively hydrogenate an alkyne or a diolefin to monoolefin
is provided. The composition can comprise, consist essentially of, or consists of
pailadium, silver, and a spinél such as, for example, a metal aluminate or a metal
titanate wherein the palladium is present on the skin of the composition and the
silver can be distributed on the skin of or throughout the composition, and the metal
of the sjainel is the same as that disclosed above. The presently preferred spinel is
zinc aluminate, zinc titanate, magnesium aluminate, or combinations of any two or
more thereof. These spinels are readily available and effective. The term "skin" is
referred to as the surface of the composition. The "skin" can be any thickness as
long as such thickness can promote the selective hydrogenation disclosed herein.
Generally, the thickness of the skin can be in the range of from about 1 to about
1000, 'preferably about 5 to about 500, more preferably about S to about 250, and
most preferably 10 to 100 um. Presently, it is preferred that silver is supported on

the spinel. ' REPLACEMENT SHEET
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Subs_tit.u‘te
Bluff, IIli

sheet 6 May 1999
noi sj and all owed to pel ymerize overni ght.

23

A thin cut was nmade

with & Buehler |somet dianmond saw:.to expose the interior of the embedded
pel l ets* This exposed surface was polished thr 080bsiRE Sheky ¢ley MRl Deo*

grit polishing nmedia,
pol i Shed sanpl e was coated w th a thin”

evapor at or

Ejé‘n cron colloidal silica. Each
yer of carbon in a vacuum

nv:\m ngfnnn |n +l~.n ol aoct v on

finishing with su

1L.o nrnU|dn rnndnrfnwnfu for

m cr opr obe. The |nstrum}BLEus$Hﬂ for the anal yses was a PECL
733 el ectrdn_m croprobe erlth Nor an Vovaqgr stage and spectroneter
automation.| I nst paramet iyncl ude 20 ¥ibpyol ts jaccehgr@khng
vol tage, 40 nano(g#%? eam(urree(% and a focuse g' ectrqgn beam@Ll ne _
traverses t[o derermne the netal_gepositjon In élée- pel llet |nt§§|or wefe set
up to start atPd/ er rlmand1 0 end ht or ARAr the |center >’ Intervils
bet ween t hg—aratysts—potntts—were—varedto—defme—tte qepositiom profi |l e.
W thin the ouPdAgZDARDSEr et er sl0df the fraverd85the irterval Sfanged {rom 2
to 10 mcroneters Frnmthnrp' to the pellet center thelinterval—was :
approxi mat gl y g3a. gnetlers. Fpr exanp| es thasgdid ngqt have3gil ver
addi tion, tlaversés fo the pell et centerjwere done on dnly one pellet]and
only the oufe ngt er s anal/zed 0 he rerai ni nggrellets]in
order to s f’géﬁ%’gl‘g{)tl e il gg?erm’ ng t he maxi num de¢pth
of effectivepattadium uepUbl tiom, the—T ncentrat on_at| eacn al ySI s |poi nt
was normal i zed’ﬂbg/iﬂé’l%am mum: colféent r at-{ on i n1PRat trdverse. *Ror '
Con‘par| Son L nncnc f hn r‘nhnf ' gf | ya¥al dr\n h fcr pal : adi 4 + |d to
be the poinf mAmOﬁpoleomMroppej to ailf@rnmalizled val & of 0. ] .
conpared to| 1.0 for the mdaxi mum-concentration. This dishance 'was typidally .
at the poinj 1}/\/{1{;[ a t qﬂﬂtﬁ’éf@ BaA8B0&d | on enddd and
was al ways beflor n%%e%%fegéﬁﬁ'te% T Oh ’ief%fgrﬁetg elo ng detection limt {of
t he anal ysi b ATeiglthe differér&er%tw&nghtaIM)Tz Thheylargerithe ATdies the befterotiet he dat a,
t he di stancp that .correspqnded to_the I’ITB.|IZ€ val ue of .0..1.was '
i nt er pol at efisel F?ﬂﬂl@dfae%ﬁaataﬁ%ﬁr?@%%ﬂ‘% it G2 cHfanled efydeneteed 4 n
Table VI11 p Mnhrgj (8! et PAAYPRIRROSidth@® fon the al unina sugport
was deeper ﬁlt)o t p@(ﬁ:@m (6’9 ‘cromnet ers) corrpared to 24 ,

®See Table II.

‘See Table 1.

See Table IV.

°See Table III.

fSee Table V. The run was carried out with a de-propanized ethylene feed

containing 821 ppm CO.

8See Table VI.

The results in Table VII ‘indicate that the invention catalysts using a
spinel as support are as géod as, or better than, the catalysts using an alumina as
support. . - '

EXAMPLE VII

This example illustrates the measurement of skin thickness of

palladiﬁm, or the depth of palladium deposition on a support surface.

The runs were carried out as follows: For each sample,

representative pellets were embedded in epoxy (obtained from Buehler, Ltd., Lake
: 1 REPLACEMENT SHEET
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m+croneters within zinc aluninate, and 33 microneters within nmagnesi um
al um nate. The average depth of palladi um deposition on zinc alumnate -

support “was, in fact, statistically the sane as é_u'bestﬂﬁ‘%“?ﬁg%*{ glMg",npégg_‘

support..

TABLE, VI I | Cat al yst Support Al umaRa Zinc Alum nate

Magnesi um Al um nat e Skin thickness ([err]m 69[ err] 24[ err] -
33 (35)[ er r Bluff, anhmlsyednualmdaagbgﬁﬁrﬁé oVErnfphE.C B HI® caf whs fHa it a i
pellets. The -catalyst is disclose n Exanple I111. err] The val ue was

aver age of Boehkler Isemet diagrond sewttglexpesethe nﬁcxzor qfh‘be Gt d*‘}%i peliets. dThis| osed

el Lotar Tretmospd SEitob s R o XSRSy TRRRHY BREROBfla e 10" o1
was aver agefinfshingawith eﬂbmicmf collbid® kilics.s Bath pblished %mhpl%rwwﬁoatéletﬁ raesent.
The cat al yst Iiadls | osed .in Exanple VI.

EXAMPLE Vi | thin layer of carbon in praguum gwgnosatoy fo piovide conduetivity for pyamination
sel ectivi tyupﬁxeaelééﬁloﬂ'rﬁﬂ:}@ﬂrX%. over a non-skin catalyst.

The instrument used for the analyses was a JEOL 733 electron
microprobe with Noran Voyager stage and spectrometer automation. Instrument
parameters include 20 kilovolts accelerating voltage, 40 nanoamp beam current, and
a focused electron beam. Line traverses to determine the metal deposition in the
pellet interior were set up to start at the outer rim and to end at or near the center.
Intervals between the analys1s points were varied to define the deposition profile.

' Within the outer 200 micrometers of the traverse the interval ranged from 2 to 10
micrometers. From there to the pellet center the interval was approximately 120
micrometers. For examples that did not have silver addition, traverses to t.he' pellet
center were done on only one pellet and only the-outer 200 micrometers were

~ analyzed on the reméining pelle_ts in order to save analysis time.

To determine the maximum depth of efféctive palladium deposition,
the concentration at each’analysis point was normalized to the maximum _
concentration in that traverse. For comparison purposes, the penetration depth for
pailadiuin was considered to be the point where the deposition dropped to a
normalized value of 0.1 compared to 1.0 for the maximum concentration. This
distance was t};piqally at the point where the rapid decrease in the palladium
deposition ended and was always before the concentration dropped below the
detection limit of the analysis technique (0.02 weight %). To get finer detail from
the data, the distance that corresponded to the normalized value of 0.1 was
interpolated from adjacent analysis points.

The results in Table VIII below indicate that palladium deposition on
the alumina support was deeper into the pellet (69 micrometers) compared to 24
microméters within zinc aiuminate, and 33 micrometers within magnesium

aluminate. The average depth of palladium deposition on zinc aluminate support

was, in fact, statistically the same as the magnesium aluminate support. REPLACEMENT SH EETJ
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The skin catalyst used was the same as that disclosed in Exanple VI:

non-skin catal yst was prepared as follows. First,

made by merghrng 0. 159
1.0 g cohc. HA to the

100 g with bottl ed wat
al um nat e, |,
(7.998 Q) q
added 32 dr

f the Pdd [
ops of conc.

g Pdd [err]
beaker.

er.

err]
HC1 (1. 0593)

Upon heating for
the PdCl[err]/HCL liquid was transferred to a bo

sol uti on TXBERNgg above in a 10 m beaker

SHpgtdh heefL o Muye!

- 24secondl y, 25.87 g of magnesi

to prepare an acidified Pdd [ erf

The

a PdCl[err] solution was
into a 10 M beaker fol | owed by addi ng

49

el ﬁsto

um
n
was

r].

.

The magnesi
aci di fi ed

S

e was|in
owe(

ihl i

vvett,d h 7. 187. t he
"c

768 g ViagiéSioth Bruhitfre

100[err] C.
to prepare

or 4 nours, and

TIen_ 4547
ickss| (e | "

e

TC. Oours 1 200 CC/ Mm@ air
24 Thirgly, a3 sol ution,
j\iri ssc]l ‘vi na n ’lf n /\n

;1 n'F

prepared by
pour ed over
m nut es, ex
bl ot -dried Jo
-25 - calcijn
The skin c
wer e tested
results are
TABLE | X[ er
Tlerr]([err

r, was
me \lawd\@éé ﬁmadﬂﬁneésmeﬁim ofl6 baulryst pallets. SThe cdtalgstdyery 15
s | ution was poured off and the solid was
ﬂ&fﬁ%rmt Pe Yrther dried at 85[err]C for 15 hours,
q]qufxf%ﬂuez

r rr
i ipioago bt 3616 kiR Sellefl T R s |

non-skin ¢ err]
disclosel imcExainglgdf.ogenati on as descrr bed in Example I1.

| S Vo s ayerage of mpapupaians of 3 sialppopeler The ¥ilus rqtlreer

| Parknthesis 5 e réshi® of hfseparate run and was average of measurement of
7 pellets in which silver was not present. ' The catalyst is disclosed in Example
VI

nd

C.
Herr]
he

r]F.)

EXAMPLE VIII |

This example illustrates the superior selechvxty of a skin catalyst over
a non-skin catalyst.

The skin catalyst used was the same as that disclosed in Example VI.
The non-skin catalyst was prepared as follows. First, a PdCl, solution was madé_by
weighing 0.159 g PdCl2 into a 10 ml beaker followed by adding 1.0 g conc. HCl to
the beaker. Upon heating for 30 minutes, not to dryness, the PdCL,/HCl liquid was
transferred to a bottle and diluted therein to 100 g with bottled water.

Secondly, 25.87 g of magnesium aluminate, prepared as described in
Example VI was prepared. A portion (7.998 g) of the PdCl, solution prepared
above in a 10 ml beaker was ‘added 32 drops of conc. HCI (1.059 g) to prepare an
acidified PdCl,. The magnesium aluminate was incipiently wetted with 7.187 g of
the acidified PdCl, followed by drying at 85°C. for 2 hours, at 100°C. for 4 hours,
and then 454°C. for 2 hours in 200 cc/min air to prepare Pd/MgALO,.

Thirdly, an AgNO, solution, prepared by dissolving 0.100 g of
AgNO; with 24.89 g of bottled water, was poured over the Pd/MgAL,O,. After 1

hour, with stirring every 15 minutes, excess AgNO; solution was poured off and the

solid was blot-dried on paper towel, further dried at 85°C. for 15 hours, amF REPLACEMENT .sHEE

08 MAY 1999

——




Ski-nz 7T 33 (35)[err] 120 177 57

Non- ski n 2500[ err] ' 221 259 38

[err] See footnote a, Table VII. [err]See footnote a, Table VIII.

[err] Pal'ladi umwas distributed throughout the cagghsstut®ishbet2¥ N US
of about 2500 [err]m The resu?ts In éﬁahk% I§Q%mé?gat

a skin catalyst had nmuch | ower -cl eanup 't2(§n'perature (T[err]) and higher

sel ectivity, r t ~ion-skin gcatal yst .. The results
shown in thgﬂé@%@é&@%@‘}g lgpikg %‘ﬁﬁh‘?‘} g&}’&m&éf‘a?e that the present

~invention is well adamhedkinocadystandHoniskih i@ BotBREppdrted dh MpAlgDds and
advant ages nentioned as well as those inherent therein. While nodifications

may be nade Wsye tastedor pelegtedihydrogenstion ey desgribedvistExampleilbn The resubts @wipassed
within the gnibl b of if PEnRTRSRMw] NVention as defined by the specification

and the clalns. S -26 -
CL Al MSIT A CONpOSITION_UsSerul as a catal yst_ftor

hydr ogenati hg an unsat urat ed hydrocar%%Eggfd conposition conprising
pal | adi um §+rer—are—p—sptRet—wheretarsad i i ki n
di stri but ed| on Gadtalystur f pPd pehetsationt (ppi)ne! , TAIRY) whier €T °Bxi dj- AT (°F.)
Skin 33 (35)° 120 177 57
Non-skin 2500° 221 259 [ 38

*See footnote a, Tabqle VIL

®See footnote a, Table VIIL"

“Palladium was distributed throughout the catalyst pill having a radius of about
2500 pm. ' |

| The results in Table IX shows that a skin catalyst had much lower
cleanup temperature (T,) and higher selectivity (AT) than a non-skin catalyst.

' The results shown in the above examples also clearly demonstrate
that the present invention is well adapted to carry out the‘objects and attain th_e ends
and advantages mentioned as well as those inherent therein. While modifications
may be made by those skilled in the é.rt, such modifications are encompassed w1thm

the spirit of the present invention as defined by the specification and the claims.




pal | adi um and si |prer—ate—eact spnt in a sug ﬂut ef fect said
hydr ogenat i on ,of aﬁEBMMﬁNﬁtﬁEﬁyjrocar bon 1|IIHIHH'" l“HIHm I nposi ti on
accordi.ng to cl aijm|T, V\herel n th hi ckness of said skin is in the range of
fromabout 5 to gbqut g Substitpesshidan @day diggp't o
claim2, wherein tre? I ckness o .,ald skinis in the range of from10 to
about 100 [err] m{ 4 . - tonposif on according to any one of

clains 1-3, which further conpri ses aE al kgl; net al - cont ai ni ng conpound. 5
A conposition according to clalmd4, ' i d al kali netal -containing

conpound i sjan al kal i ATBi@bodidid#Phdelf -ast catalyst for %dm@naﬁﬁ@aﬁluhsﬂ&aéacor di ng
to any one of the preceding clains, wherein the of Said spinel is

zinc, .mag nehydnwanban,csamrpomms;tldm mprssing)mlladmn zélven) and aanmhwhpm said

R e e e R
conposi tion Ipaﬁé‘cﬁﬁxﬁldiﬁ ﬁl@eﬁér@le%f@?re‘éﬁﬁfi@'a%uﬁi’dléht?aﬂidihﬁ{ td &ffect rsadal um nat e,
magne5| um alum nate, zinc titana or a conbi nati on of any two or .hor e of.

sai d spi nel §iydmgenation of an unsaturatedobsirecasboraccor di ng to any one of .the

precedi ng chai ms, wher cﬁ?b@l&gé&mdu{é 8 cliﬂﬁi %H ”Ehicinés@ otfgﬁidrs@cppf‘s of

f rom about 0001 to a |on accor

cl ai m 8, mhémdmemathoWﬁ:oghtbthdftoabmtiMlhmdl um | s | n t he range of from
about 0.0005 to 1.5% 1

nposj ti.on accord to cl.ai
wherein thewei ght % (ﬁ‘ °9’§P9F“ﬂ)‘§¥ F%B?Aa&?ﬁ fosclam 2 wherein the %0536{&1 ?‘G‘ Bo1

to 1.0% 11, f fOnt PR abduk Q00 amgor di ng to any one of the preceding
cl ai ns, vvheruél ne {aﬁgev?/el ggp %o? salg ‘'ver is in the range of from about

0.003 to abdut 10% 1A compos1uon acc&rctmgrtmsm}t o oficlaimsd] -3¢ whichafugthene of t he
precedi ng cl ai ns., wher th ratlo f 5|Iver to palladiumis in the
range of fr§ mfﬁ%ﬂ% (556?88{?3“ % A conposition
according tg, clai m 12, A \wb@peditiord B&oi‘hﬁhglﬁi cI‘KQan4, Sﬂxlefhn said alkali metal-containing

compound is an alkali metal fluoride.

W

6. A composition according to any one of the preceding claims, wherein the
metal of said spinel is zinc, ﬁmgnesium, calcium, beryllium, strontium, barium, radium,
iron, manganese, zirconium, molybdenuni, ruthenium, rhodium, cobalt, germanium, tin
ora combma'aon of any two or more of sa1d metals.
7. A composition according to clalm 6, wherein sa1d spinel is zinc -
aluminate, magnesium alummate zinc titanate, or a combination of any two or more
of said spinels. '

8. . A.compos‘ition according to any one of the preceding claims, wherein the
weight % of said palladium is in the range of from about 0.0001 to about 3%.
9. A composition according to claim 8, wherein the weight % of said
palladium is in the raﬁge of from about 0.0005 to 1.5%.
10. A composition according to claim 9, wherein the weight % of said
palladium is in the range of from about 0.001 to 1.0%. |

11 A composition according to any one of the preceding claims, wherein the
‘weight % of said silver is in the range of from about 0.003 to about 10%.
12 A compositibn according to any one of the preceding claims, wherein the
weight ratio of silver to palladium is in the range of from about 0.1:1 to about 20:1.

13. A composition acéording to claim 12, wherein the weight % of said



- 27, - ‘pall agi - ange of from about 0.001 to about 1.0% and
the weight r l’gﬂﬂl,ruwumﬂl& pal ladiumis in the range of from about 3:1
to about, 8:1.*14c "L w s  «A hydrogenation process conprising contacting a
hi ghl y unsaturated hydrocarbon, in the presence Sdbsdtitdtogheet wotMag 1999
conpesi tion according to any one of the_ Eggcedi ng cl ai ns, under a
condition sufficient to effect.selective hydrogenation of said highly &
unsat ur at ed HyvdgaeAIRRMhE Pan%e 'o?a'ﬁnﬁ'aﬁﬁftw.@lel@ db6Ef 0094 RAA thel weight ratio of A
process according to clalm I4, erein sald hydrogen is present in said

hi ghl y unsatsilvet tdpdiladivae & incthe rdige of from about%lm_gbtag§tgccordi ng to claim

14, wherein said hydrogen.s fed separately.and mxed w ' ' y
unsat ur at ed 1rfgrdrpcarb td_f"?%en?'tl? EFSESWégflP%&o#fW%%ﬁl@hgghn%gg#??%n. 17.
A process aclﬁ@é&’daﬂ% L Gn SHVpreftRc®bf ﬁ&&bg’_eha 1Athl S combeditor aceadiding kg hhy one of

y

unsat ur at ed rocarbon conprises a fluid which is water, steam water
cont af ni ng athe predetlingmlaimsswided accondition sufficiens to sffeemlertiys hydregenaton ofio or

more of sai dsau ﬁ{gﬂfy unsaturated hydrocarbon to a less unsaturated hydrocarbon.

15. A process according to claim 14, wherein said hydrogen is present in
said highly unsaturated hydrocarbon.
16. A process according to claim 14, wherein said hydrogen is fed separately

and mixed with said highly unsaturated hydrocarbon prior to said contacting with said
composition. _ )
17. : A proéess according to any one of claims 14-16, wherein said highly
unsaturated hydrocarbon comprises a fluid which is water, steam, water containing a

soluble or insoluble substance, or a combination of any two or more of said fluids.
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