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PALLADI UM SI LVER CATALYSTS AND METHODS FOR THEI R PREPARATION 5 [1] This
applicati e/ @liasers priority to U S. provisional applicati eggTasnsed2sno.

60/ 388, 307, filed on June 14, 2002. FIELD OF THE I NVENTION [2] This
invention relates to novel catalysts antl to nethods of naking supported

pal | adi um si |l ver conpositions exhibiting inproved hydrogenati on catal yst
performance. In 10 another aspect, this invention relates to processes for

hydr ogemabrorENafIdy diooarbensrgen ehaddvrs a6 RaFdobs W &'1}‘5.1%9%1&%%%%0)6
hydr ogenati ng acetyl ene to et hyl ene enpl oyi ng supported palladiunmsilver
cat al ysts having been prepared by the preparation nethod of this invention.
BACKGROUND OF THE | NVENTION [ 3] The sel ective hydrogenati on of unsaturated
hydr ocar bons, and especially the hydrogenation [5 of acetylene which is

pr esgnt an_inpurity in mono-ol efn-containing streans (e.g., ethylene
B r ok (DA enelRlie el RGPS SR 31 5, propBahamp icsiion Sahse. QUFSSIOTueA  an
al um na-sypported palladiunfsilver catalyst, substantially in accordance
with thendietodti% in U S Pat. No. 4,404,124 and its division, US. Pat.
No. 4,484,015, the disclosures of both patents being incorporated herein
by reference. The operating tEHidr OFIFHE INVENIIONpr ocess i s sel ected such
?0 that essentially all acetylene is hydrogenated to ethylene while only an
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desirable to mnim ze hydrogenation of ethylene to ethane in order t
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difficult to control, as has been poinhted
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and particularly selectively hydrogenating acetylene to ethylene employing supported
palladium/silver catalysts having been prepared by the preparation method of this invention.

BACKGROUND OF THE INVENTION
[3] The St?lective hydrogenation of unsaturated hydrocarbons, and especially the hydrogenation
L5 of acetylene which is present as an impurity in mono-olefin-containing streams (é.g., ethylene
streams from thermal ethane crackers), is commercially carried out with an alumina-supported
palladium/silver catalyst, substantially in accordance with the disclosure in U.S. Pat. No.
4,404,124 and its division, U.S. Pat. No. 4,484,015, the disclosures of both patents being
incorporated herein by reference. The operating temperature for this process is selected such
20 that essentially all acetylene is hydrogenated to ethylene while only an insigﬁﬁcant amount of
sthylene is hydrogenated to ethane. It is desirable to minimize hydrogenation of ethylene to
ethane in order to minimize ethylene losses and to avoid a "runaway” reaction which is difficult

to control, as has been pointed out in the above-identified patents. The selective acetylene

hydrogenation process can be most effectively controlled when there is a large difference
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whi ch essentially all acetylene is hydrogenated and a higher tenperature
at whi ch wxegwsoze et hyl ene-to- et hane conversi on occurs. SdyNARY 16k THE

| NVENTI ON [4] In one enbodi ment, the invention provides an inproved

pal | adi um sil ver catal yst contained 5 Dn a support, the catal yst having
been conbined with an iodi de conponent, and then calcined, the catalyst

exhi bi t beigyegoahie danpdratued iapWwiadt eseh@ally Wilt dbeiylenkhR MHESQAGRAT dANa Wigher
a

unsaturated hydrocarbons. [5] In a further aspect of the 1nvention,

pr epar atdngierdehP A hAMRELSRS eﬁﬁ/ﬁn@%&—ieﬂﬂn@c&ﬂle}sﬁ%ng&%osnion (al so referred

to as "base catal yst conposition" or “"starting catalyst conposition") O

conprising palladium sil vegm%noifrﬁg}g%ﬁg{,ﬁ@m rt material with a
miodide,

i quid conposition containing anmoniu r contacting conditions

whi ch a f ' I n, enhanci.ng the . selectivity of the solid catal yst
conposi {‘ﬁ(}ﬁ&?é}}‘b%ﬁn&?g{’ %%’&VFEH}O%&FBE‘Q?WPT‘EWQ Féﬂﬁ‘i)@‘r“‘%’é(ﬁr tatelyst sonfpingd i n
t he § iquid co o?%t i qu], rather than in the solid base catal yst conposition.
The tat 3t §SHP GRSt MRENG hseh Fombingd wilk ansiodige chmponanf and dhenycadeined, ned
at an el evated tenperature. [7] Further in accordance with this invention,
a pr ocelis iyt pyhibijingagdadgdesnieationaandseleativity imtheomsiragenetial b insandattor

sel ectively hydrogenating acetylene (preferably present in a snall anount

i n an ebydrbemiaensont ai ni ng gas strean) with hydrogen gas is carried out with
a catalyst prepared by the nethods described herein. ;0 DESCRI PTI ON OF

EBOD! MBNTES OfurthfE ad DT (it Bhtich) %, SRp NS nfeBROSbrils QbniRh offia !N <
: pal | adi um et al “and/ or at
composition (also referred to as "base catalyst composition” or "starting catalyst composition")
0 comprising palladium, silver, and an inorganic support material with a liquid composition
containing ammonium iodide, under contacting conditions which are effective in enhancing the
selectivity of the solid catalyst composition.
[6] In yet another embodiment, the silver may be contained in the liguid composition rather
than in the solid base catalyst composition. The catalyst containing the ammonium iodide is
5  then preferably calcined at an elevated temperature.
[7} Further in accordance with this invention, a process for hydrogenating unsaturated
hydrocarbons generally, and for selectively hydrogenating acetylene (preferably present in a
small amount in an ethylene-containing gas stream) with hydrogen gas is carried out with a
catalyst prepared by the methods described herein,
0 DESCRIPTION OF EMBODIMENTS OF THE INVENTION
[8] The catalyst comaposition of matter of this invention includes: (a) palladium metal and/or at

least one palladium compound (preferably palladium oxide), (b) silver metal and/or at least one

silver compound (preferably silver oxide), (c) an iodide component, and (d) an inorganic



| east one pal | adi um conpound (preferably palladi um oxide), (@7 Rov¥sibef2006
and/or at |east one silver conpound (preferably silver oxide), (c) an

i odi de commmegntg2oand (d) an inorganic 27 Novenber 2006 \Wo1ho3Ree20

PCT/ US03/ 18284 3 support material selected fromthe group consisting of
alumna, silica, titania, zirconia, allumnosilicates, zinc alum nate, zinc
titanate, and m xtures of two or nore of these conponents, preferably

al um nasuppettentesthb rsaletted afrpmatial o aeon@@ﬁgg afl Mok §Rdal tiadia, zirconia,
conposition conprises between about 0.01 and about 2 wei ghf % Pd, betwéen
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about 1 and about 10,000 ppm by we of an conpone

enbodi Sition ri et.ween_.abo 0.01 d
about 0 CRpgrbtiRy PRBRBRL afRIBE b o tanl. <R, Agenailly he: e
about 10 and.about 1000 m by, wei ght of _an ]| odi de conponent. |In yet

- Aot her SRR IHOTGFS bRETERANY S! webPup Fetatt v BRcves Bs SRl . an
amount of between about 15 10 and about,Z 500 ppm by wei ght. The catal yst

al so® hadbah Agveght s Mgt andathe satplysh Berieing betwesn ahpgul and ahout #9,080mpst by abl y
about 5:1 to about 8:1. The catal yst particles can have any suitable shape
( spher i w&lght of lannigdidsatqmpongot. r ith cinel 9miziiimente ther edtelysibbompositiver cappuésess or
cylinders. The catalyst particles can have any suitable particle size, and

gener al bytweay ebeut 0.0k and abowind.abads Pd., betvea abbutl0.02mandndbolt sfwernagy aahout
2-6 mMm The catal yst particles can have any suitable 15 surface area
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n2/g. Surface areas discussed hérein neasured by the BET net
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about 10:1, more preferably about 5:1 to about 8:1. The catalyst particles can have any suitable
shape (spherical, cylindrical, and trilobal) and are preferably either spheres or cylinders. The
catalyst particles can have any suitable particle size, and generally have a size of from about 1
to about 10 mm and preferably about 2-6 mm. The catalyst particles can have any suitable
I5  surface area generally ranging between about 1 to about 200 preferably about 10-100 m*/g.
Surface areas discussed herein measured by the BET method by Bruhauer, Emmett and Teller
employing Na.
[9] The catalyst particles can be prepared by any suitable means. The components (a), (b) and
(¢) can be deposited onto and/or incorporated into the inorganic support material by any
20 suitable means and in any suitable order. For instance, the iodide can be incorporated into the
support material, followed by impregnation of the iodide containing support material with Pd

and Ag compounds (such as H,PdCls and AgNOs), sequentially in any order or simultaneously,

followed by drying and calcining of the thus-impregnated composition. In an alternative




be incorporated into the support material, followed by inpregnation of

i odi de cowmtceeamosgosupport material with Pd and Ag conpoundg dsasiedrsas
H2PdCl 4 and AgNCB), sequentially in any order or sinultaneously, followed
by drying and cal ci ning of the thus-ingregnated conposition. In an
alternative 27 Novenber 2006 WO 03/106020 PCT/ US03/18284 4 enbodi nent, a
support di 3 iJod 2 C gt i0n,
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i um Lde.. either. sequentially, i.n .an rder_or sinmultaneously,
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[10] In some .enbodi ments of the invention, the arting material,  al so
F of er r cBOK %@%ﬁwusgualﬁ’blasa@ma%oy§%ﬂ,lw1tapsqusgfp é%Lor“aqdi Bhd e celoinpg of of
this invention can be any supported pal |l adium and silver-containing
cat al ysthe dowpeprasheied spwgostetas desired by conbining silver and palladi um
on a suitable support. The silver conponent is generally dispersed
subsit anfih! | i sohenoniedbawsts of tther mvegitons telstarting alaysial, slgpp@fdred o éhepeth badi um
is preferably contained on the .0 surface of the catalyst. This base
cat al ySthagdHpdst! ifoNprepdiatdiéh &f the eghlystairahiy siveftion éandR Mo @uppdta pallshimal yst
whi ch has been oxidatively regenerated as a catal yst conposition. The base
catal ys AL i i SOl I ek i . i
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above. In one e ver/al um rfia conposTtion
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invention, the s ting or.base catal yst, is contacted with a |jguid |odide
conposi HTHAETFRE i SERLSERPR! JbF aeTRRRR Brele ety ontathep gn hS
exanpl e, —ammoni um i odi de 1(._,NH4I2 or elenental iodine (12) dissolved in

wat &t . sprlace pﬁﬂ}p gatplygs. (Ehis base catalyst composition can be a fresh catalyst or it can be a used

catalyst which has been oxidatively regenerated as a catalyst composition. The base catalyst

20 suitable nmeans and in any suitable order. For instance, thegy NaGfBeF2006
the

can contain any suitable solid support material as described above. In one embodiment, the
palladium/silver/alumina'composition described in U.S. Pat. No. 4,404,124, the disclosure of
which is incorporated herein by reference, is used.

5 [11] In accordance with the invention, the starting or base catalyst is contacted with a liquid
iodide composition which contains a dissolved iodide component such as, for example,
ammonium iodide (NH.I), or elemental iodine () dissolved in water. The liquid iodine
composition comprises any solvent that will dissolve the iodide component sufficiently to be
used in the method of the invention. The solvent may be water or a polar solvent such as an

20 alcohol, ester, ether or the like containing about 1 to 10 carbons. Water and lower alkyl
alcohols are prefemred solvents for the iodine component(s). Generally, the concentration of the

iodide component in the liquid composition and the weight ratic of iodide component to the




conposi tion conprises any solvent that will dissolve the iodigeNsosRpREPDOE
sufficiently to be used in the nethod of the invention. The sol vent may be
wat er or &@a/mas02eo0l vent such as an 20 al cohol, ester, ether®ozhisgs! i ke
contai ning about 1 to 10 carbons. Water and | ower al kyl alcohols are
preferred solvents for the iodine conppnent(s). Cenerally, the
concentration of the 1iodide conponent in the |iquid conposition and the
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efficien e todinée In the catalyst may be provided by any
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iodide (H.),.iodine (12), tetraa) kyl ammopi um,i odi des,.,and m xtures.thereof.
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met Ryl (NHeDhliydrogoniiedids Gdl)diedine (i, tetanlkdammeptie indidos, angbaixtpes Hrereof.
substanti al absence of an alkali netal iodide such as potassium i odide.
Wien hyeiaopts | ofli derdatkyldiembndigle oidesneintiudet teimyméthylasmwbnasn a istib] e 0
liquid solution, such as, for exanple, a 57% aqueous solution. Salts of
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i odi de conposition is chosen so that the final concentration of iodine in
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also be used as the iodide component. The liquid iodide composition is chosen so that the final
concentration of iodine in the catalyst will be in the desired range of between about 1 to about
10,000 ppm. Suitable iodide concentrations in the liquid composition are in the range of
between about 0.001 to 1.0 mmole/cc, preferably about 0.01 to 0.5 mmole/ce, and more
5 preferably about 0.01 and 0.05 mmole/cc of iodide.
[13] Inthis specification, the terms palladium or silver mean the element palladium or silver,
respectively, which can be provided to the composition as a palladium component or silver
component, which may be any functional compound, salt or complex of palladium or silver.
By the terms iodine is meant clemental iodine which can be provided to the catalyst
)0 composition as an iodide component. The iodide component can be any functional compound,
salt, complex, or iodine.
[14] Ifa compound, salt or complex of iodine is used, the cation should be chosen so that the

cation does not become a substantial part of the catalyst, that is, the cation would be eliminated




respectively, which can be provided to the conposition as a gl Nadém®er 2006
conponent or silver conponent, which may be any functional conpound, salt
or conpl ewmids/padzoadi um or silver. By the terns iodine i $gTaatagsgnent al

i odi ne which can be provided to the catal yst ?0 conposition as an iodide
conponent. The iodi de conponent can begany functional conpound, salt,
conplex, or iodine. [14] If a conpound, salt or conplex of iodine is used,
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substantial part of the catalyst, that is, the cation would be elininated
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t he catang%i}%? O%geﬁ%%]gﬁsi%ﬁ&gsf‘%égaca @?ﬁg%%ﬁﬁ%gﬁg%%%ﬁﬁlﬁt I al absence
of del ri gus cations ch as al i tal s, such as.potassi,um and. ium
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the liquid iodide NH4l conposition can be, caIrri ed out in an uitabl e
manner NH4h epamposiiion ek beatairipd ¢ out sing gah sitehls nmapRrs W2 $SgTH-otheo fRtakyst
conposition are contacted or mxed for a tine period of at |east about 1
second compesitomd thebldanid iolideewnphsition b eontagted Rourxed & ddine pyried ohafbi ent
tenperatures, e.g., about 60 to about 90 F., (16 to 32 Q More preferably,
the tin&spabdd sécondppreferfblP2ibbat Bbeedonds houboyt HhHotrse gerengdbyr st ambients i n
the range of about 70 to about 85 F (21 to 30C). The contacting pressure
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psig. In aperform' ng the contacting step, the .tenperature shquld he bel ow
the boillntp piGHt bhe coriastingupresairris Y & sRteA tvarablea8p SRy 988 Pecalyr i ed
out to suitably provide the desired catalyst. This contacting step can be
car 0i e¢resireds the range of from below atmospheric to more than 100 psig. Due to economic

considerations, the pressure during the contacting step may be approximately atmospheric, for
instance, from about 10 psig to about 25 psig. In performing the contacting step, the
temperature should be below the boiling point of the liquid and the contacting step should be
carried out to suitably provide the desired catalyst. This contacting step can be carried out as a
5  batch-type operation such as, mixing, soaking, spraying, or by incipient wetness) or
continuouslf; (for example, by using a mixing screw or a static mixer equipped with internal
baffles or by spraying the base catalyst composition which is placed on a moving conveyer belt
with the aqueous composition).
[16] If necessary, the catalyst composition is then separated from the water composition by
)0 any conventional solid-liquid separation technique, such as filtering, decanting of the liquid,
centrifuging, and the like. This separation step may only be required if the contacting step
involved soaking. Thereafter, the catalyst composition is dried, generally for a time period of

between about 0.2 and about 20 hours, preferably between about 2 and about 6 hours), at a
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wet ness) or continuously (for exanple, by using a m xing screw or a static
m xer equwib&dlosi2dh i nternal baffles or by spraying the baxasostsalyst
conposition which is placed on a noving conveyer belt wth the aqueous
conposition). [16] If necessary, the datal yst conposition is then separated
fromthe water conposition by Wany conventional solid-liquid separation
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the like. This separation step may only be required if the contacting step
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generally for a time period of about 0.2-20 hours %&I‘gr bl.y bet ﬁtﬂ about
1 and profeablyGbodi5e° terbetweasrabertl 00RF 63985 andeds G 9 step et e300 F
(300 to 705 C), preferably about 750to between about 1100 F (398 and 593
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oxi di zing atnosphere or in an inert gas atnosphere (e.g., under N2, He,

Ar, angnddiev,| HkeAs, aad ehe likepraall &y pbleyaltpeariediontin airn air. [17] In a further
enbodi nent, the catalyst of this invention can be prepared fromthe
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paliadium. Tn this procedure, a palladium compound contained in a liquid composition
~ (preferably water) is impregnated into the selected support, preferably by soaking. The
palladium component can be any compound, complex or salt of palladium which is effective to
impregnate the support. Suitable palladium compounds include paltadium chloride, palladium
5  bromide, palladium nitrate, palladium oxide, and palladium sulfate. Sufficient palladium
compound is used so that the catalyst will contain between about 0.01 to about 2 wt% Pd.
After impregnation, the support is dried and then calcined by heating at temperatures in the

range of from about 575 to about 1300°F (300° and 705°C) for about 0.2 to about 20 hours.

[18] The resulting calcined intermediate is then contacted as by soaking or immersion in a
0 liquid composition (preferably water) of a silver compound, salt or complex to impregnate the
support with silver. Suitable silver compounds include silver nitrate, silver chloride, silver

iodide, silv.er oxide, and silver sulfate. Sufficient silver compound is used so that the catalyst

will contain between about 0.01 to about 10 wi% Ag. After impregnation with the silver



pal I adi um conponent can be any conpound, conplex or salt of pelNaFeHPEr2OGE
is effective to inpregnate the support. Suitable palladi um conpounds

i ncl ude pwid ®diosiochl ori de, palladium 5 brom de, pall adi uPCHIdSIeiLs4

pal | adi um oxi de, and pal |l adium sul fate. Sufficient palladium conpound is
used so that the catalyst will contain getween about 0.01 to about 2 wt%
Pd. After inpregnation, the support is dried and then cal ci ned by heating
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sul fate. Sufficjent sjlver conpound is used so that the catalyst wll,
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silver 27 Novenber 2006 WO 03/106020 PCT/US03/18284 8 conpound, the
suppor t thes duedandygalaredasdleseited abayaiomsevidathecatalist efthe invsntion.i ons to form
the base catalyst conprising the inorganic support inpregnated with Pd and
Ag. [ 19R20Thelirweitlubé understabd ithatdthe fivai reldinhigestep willebe effadtivet tedelithibbict the

i odi de conponent in the anmounts and under the conditions described herein.
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descri bed above to provide the catalyst of the invention. [20] It wll be

: . . “ci N f oo h
under stﬁﬁfﬁetlﬁﬁ%@%‘)ﬂ'l B8 EefACh 'tﬁgf’f‘x’g’g Lﬁ’ {Ou?)%% 613(]%3&1‘3.&;[ fog%@g#%}(ﬁgﬁh@ e

nitrogen fromthe conposition a substantial p
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iodine on the support in the amount of about 1 to 10,000 ppm, preferably about 10 to 10,000

ppm iodine, measured as elemental iodine by Neutron Activation Analysis.
[21] It will also be understood that the catalyst of the invention is not made with alkali metal
components so that the catalyst has a substantial absence of any alkali metal iodide such as KI.
.5 [22] The thus-prepared catalyst composition which has been dried and, optionally, calcined,
can then be employed in the hydrogenation of umsaturated hydrocarbons. According to a
preferred embodiment, the catalyst is used in a process for hydrogenating acetylene to primarily
ethylene. Optionally, the catalyst is first contacted, prior to the acetylene hydrogenation, with
hydrogen gas or with a gaseous hydrocarbon generally at a temperature in the range of about
0 60°F. to about 800° F (15° to 426° C), preferably about 200° to about 600° F (93° to 315° C),
more preferably about 300° to about 500° F (149° to 260° C), and most preferably at about 400°
F, (204° C) for a time period of about 0.5 to about 20 hours. During this contacting with H; or

hydrocarbon(s) before the selective acetylene hydrogenation commences, palladium and silver



| odi ne on the support in the anmount of about 1 to 10,000 ppm27met&nhbbl 006
about 10 to 10,000 ppmiodine, neasured as el enental iodine by Neutron: :
Activation Analysis. [21] It will also be understood that the catal yst of
t he inveQL@q is not nade with alkali nmetal conponents so that the:

cat al yst a substantial absence of any alkali netal iodide such as KI.
5 [22] - The thus-prepared catal yst conposition which has been dried and,
optionally, calcined, can then be enploye& in the hydrogenation of
unsat urat ed hydrocarbons. According to a preferred enbodi nent, the

cat al yst compumdsl (primarilyr oxides) Which gy 6geftadchinth BeCéadifftecdnthobfiioBifet Yhe
ethylene.- Optionally, the catalyst is first contacted, prior to the

acet yl engrhygr t g nely 0 . ad aseou drocar on
general ly atéjgﬁ ?rgrlgeﬂrhg[b &)ﬁigh'%lnc%lﬂég{ anglg (%?s%g@%iu@oi@)a%r%sq Sganéﬁl ﬁ{edg (15
to 426 C .eferably about .200 to about 6Q0 F (93 to 315 .C), nore -

pref er ab%@ll%‘ﬁﬁtan‘g%yqémg%oﬁ SI’—°F(“PE§ rleg“"Z‘H)St?B 1s REf garrisdtoubrthe bydipgan at
about 400 F. (204 C) for a tinme period of about 0.5 to about 20 hours.

Duri ng t BRsPisesat e sepciipy mikfure accotplishes dhis sedustioef @ridest ¢fePdsmidets twing

acetyl ene hydrogenati on comences, palladium and silver 27 Novenber 2006

210248 9tl@ intibphaselsf thppcatplend hydvsgahaion whabiidh ofeis bveffigbent in the
catal yst conposition after the drying step and the optional calcining step .
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When this optional reducing step is not carried o _ ogen  gas
Bna Ag. diing LR eRRREh e S BRI TR 19 ot E g Brctrast et on
Superi or “BERRTRG Bime BabE phiod { ERCE cemh OB mtona de R brpoTLS By
deactivation rate js neant the decrease in .percent. conversion in ' a given .
time fraRetyenglet Bddmesnyed te sthape aud edivisne, o dligomesidedito bifengsend dwavyof
10 hydrocar_bons. The catalysts of the inventionl provide excellent results in hydrogenation of
unsaturated hydrocarbons gencrally, and especially in the selective ,hydxoggliation of acetylene.
[i4] The hydrogenation proéess of this invention can be carried out by contacting a ﬂuid‘ A
" which comprises a highly unsaturatcd‘hydrocarbqn, in the presence of hydrogen with{a catﬁlyst
composition described above. Preferably the fluid containing a highly unsaturated hydrocarbon
15 | contains an unsafurated alkene stream cdntaining an alkyne, a- diolefin, or both as ‘a_ impurity,
generaily at a level of about 1 mg/Kg (ppm) to about 50,000 ppm of the fluid. The unsaturated
al_kéne in the fluid can bg ethylene, propylene, butenes, or combinations of two or mor;e thereof.
The highly unsaturated ,h_ydroca:tbon can be, fof example, an alkyne, a diolefin, or. combin‘atioﬁs :
of any two or more thereof. Examples of suitable alkynes include, buf are not limited to,
20 acetylene, propyne, 1-butyne, 2-butync, I-heptyne, phenylacetylene, 1-octyne, 1-nonyne, 1-
decyne, and mixtures of two or more thereof. The preferred alkyne is acetylene. These alkYn;s
are primarily hydrogenated to the corresponding alkeﬁes. For example, acetylene is primarily

hydrogenated to ethylene, propyne is primarily hydrogenated to propylene, and butynes (1-

butyne, 2-butyne) are primarily hydrogenated to the corresponding butenes (1-butene, 2-




acetylene that is hydrogenated to ethane and ethylene, or ol izgqqggérﬁggrggoe
but enes and heavy 10 hydrocarbons. The catalysts of the invention provide
excellent results in hydrogenation of unsaturated hydrocarbons generally,
and espféit()?l %y in the selective hydrogenation of acetylene. [24] The

hydr oge 3 process- of this invention can be carried out by contacting a
fluid which conprises a highly unsaturated hydrocarbon, in the presence of
hydrogen with a catal yst conposition ddsc?i bed above. Preferably the fluid
containing a highly unsaturated hydrocarbon 15 contains an unsaturated

al kene dmtees). Sondalynimteanlecatieyingirogendiicd 6f diblefias, tRObIHSs arel Hjdigbhdled
generally at a level of about 1 ng<Kg (ppn) to about 50,000 ppm of the

fluid Thethendateipontind mehdddés fickhg, fhu bflang%l?, p,ggllgﬁgﬁzén@ qg’hyefogg%/ajaeﬁlggﬂe q

but enes, or conbinations of two or nore ther 1 ghl'y “un

“hydr ocar kvne,.a diolefin, or conbinations of
any tm%?&ﬁeg%({a& gardieeog:s. E‘E%é‘%ﬁ’é@@@@?‘&%&%ﬁ?%es i nclude, but are not -
limted ég éﬁ af;ety_l ene, propyne, 1-butyne, 2-butyne, 1-heptyne,

phenyl ac 1/I e-liquting Sraeples elowwjtable dioleting preferablyccomtaining 8s120Earbomoatorms oI €
thereof. The preferred al kyne is acetyl ene. These alkynes are prinarily

hydr $gerestr eubleanls whichdvan depnridigegatad ke dRSprofues oﬁﬁﬁﬂv@mﬁ&ﬁﬁ%ﬁ(xh@éﬁo hdiene,
primarily hydrogenated to ethylene, propyne is primarily hydro er?ate to

pr opy| eng2-bandichelt ¥, 3atddlencd YiopRme, Zi;fgﬂérbt'ﬂﬁénearl%-ﬁén;ag%{élel, glzgé%ﬁa?@%@gtlﬁg to

the correspondi ng butenes (1-butene, 27 Nov’enb_e _ _
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propadi ene, . | : :
10 ofthis .mventlon can also comprise other hydrocarbons, in particular, monoolefins and aromatic
hydrocarbons which can_be present in the feed at a level of at least 30 volume % include, but
are not limited to, ethylene,_ propylene, 1-butene, 2-butene, isobutyleﬁe.
[27} The fluid feed which may be liquid or gaseous at the hyérogénating conditions of this
| ptoéess generally comprises about 0.1 fo about 99.9 weight % of at least one olefin. The fluid
15  feed can additionally comprise other hydrocarbons (at a level df about 0.1-99.9 weight'%), in |
| particular diolefins, aromatic hydrocarbons, such as benzene, toluene, styrene and
ethylbenzene, which may be present z;t ; level of about 50-99 weight %. However, it is 'within
the scope of this inventioﬁ to employ feeds which contain about 100% of at least one dioleﬁﬁ,
sﬁph as substantirally pure dicyclopentadiene. Also, the feed may ,c-ontain. small amounts,
2Q generally less than about 0.05 weight %, particularly from about 10 té about 400 ppm, of sulfur

compounds, as impurities. Suitable sulfur compounds include, for example, H,S, carbonyl

sulfide, carbon disulfide, mercaptans, organic sulfides such as thiopﬁene, organic di-, tri- and




1, 2-but adi ene, 1, 3-butadi ene, isoprene, 1,2-pentadiene, 1,37paig@dABEr 2006
1, 4- pent adi ene, 1, 2- hexadi ene, 1, 3-hexadi ene, 1, 4-hexadi ene,

1, 5- hexadwanes/10g020et hyl - 1, 2- pent adi ene, 2, 3- di et hyl -1, 3-platgiads/enes
hept adi enes, net hyl hexadi enes, oct adi enes, nethyl hept adi enes, etc.

The hi ghly unsaturated hydrocarbon-coritaining fluid feed for the

hydr ogenati on process 10 of this invention can al so conprise ot her
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anounts, 20 generally |less than about 0.05 weight % particularly from
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about 65° F (18°C) to about 475° F (245° C), and most preferably 85° F (300° C) to 400° F (204°
C) can be uéed‘ A suitable reaction pressure generally is in the fange of from about 15 to about
2,000 pounds per square inch gauge (psig), preferably from 50 to about 1,500 psig, and most
preferably from about 100 to about 1,000 psig. The liquid hourly space velocity (LHSV) of the
5 hydrocarbon feed can vary over a wide range. Typically, the space velocity of the feed will be
in the range of from about 0.5 to about 100 liters of hydrocarbon feed per liter of catalyst per
hour, more preferably from about 2 to about 60 liters/liter/hour. The hydrogenation process
conditions should be such as to avoid significant hydrogenation of monoolefins which are
formed by hydrogenation of the highty unsaturated hydrocarbons being initially present in the
20 feed to saturate hydrocarbons such as alkanes and cycloalkanes.
[29] The selective acetylene hydrogenation process of this invention is carried out by
contacting (a) a feed gas which comprises acetylene, preferably an ethylene stream containing

acetylene as an impurity (generally at a level of about 1 ppm to about 50,000 ppm C;Hz) and




5 hydrogen with the catalyst of this invention which may be

fi xed bed. Generally, fromabout 1 to about 10, preferably fggmg‘t’%}ﬁtﬂerm%
about 2, ww @soari20hydrogen are enployed for each nol e of picharshs/gdzky
unsat urat ed hydrocarbon present in the feed. The tenperature necessary for
t he sel ective hydrogenati on process ofi2this invention depends |argely upon
the activity of the catalyst and the desired extent of hydrogenation.
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percent CO and less than about 50 ppm H;S).
[30] The temperature at which the selective hydrogenation of acetylene to ethylene is carried
out in the invention depends largely upon the activity of the catalysts and the extent of
acetylene removal desired. Generally, temperatures in the range of from about 60° F (15°C) to
5 about 300 ° F (148° C), preferably from about 80° F (27° C) to about 250° F (121°C), and most
preferably from about 100° F (38° C) to about 250° F (121° C) ere used. Any suitable reaction
pressure can be employed. Generally, the total pressure is in the range of about 100 to about
1,000 pounds per square inch gauge (psig). The gas hourly space velocity (GHSV) can also
vary over a wide range. Typically, the space velocity will be in the range of about 1,000 to
20 about 10,000 m® of feed per m® of catalyst per hour, more preferably about 2,000 to about
8,000 m’/m’/hour.

[31] Regeneration of the catalyst composition can be accomplished by heating the catalyst

composition in air, at a temperature which preferably does not exceed about 1300° F (704° C)




to about 20 wei ght % nmethane, from about 0.1 to about 0.3 weiggfo¥ember 2006
hydr ogen, and the bal ance ethylene. In order to best attain substantially
conpl et e wenmwviabo20f the acetyl ene, there 5 should be at | ea3stusoses2spl e of
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prem xed before their contact with thelkatal yst conposition (c). It is
within the scope of this invention to have additional gases, including,
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[33] The following examples illustrate the preparation of supported palladium-silver catalyst
by impregnation with a dissolved NHyI and the use of this catalyst for the selective
hydrogenation of acetylene to ethylene as shown in the Table below.
EXAMPLES
5 [34] In the following examples, Catalyst A of Comparative Examples 4-6 was prepared as
described in U.S.P. 4,484,015, This catalyst contained 0.04 wt% palladium and 0.04 wt%
silver on an aluminum oxids support (7/32"x7/32" pellets) with surface area of 5m%/g, Catalyst
B was prepared by impregnating catalyst A with NHyI in distilled water as described in
Examples 1-3. This solution was then added dropwise to catalyst A. After all the NH,I
20 solution was added to the Catalyst A, the pellets were thoroughly mixed. The wet pellets were

then transferred to a dish and dried and calcined as described in Examples 1-3.



to burn off any organic matter and/or char that has been acc 8t ESbeF 2bb6
catal yst conposition. Optionally, the oxidatively regenerated conposition

i s reducewowdfusddd or a suitable hydrocarbon (as has beempcdaswpsnmsgy above)
before its redeploynent,in the selective hydrogenation of acetylene. It is
also wthin the scope of this inventidd to treat the oxidatively 5
regenerated catal yst conposition with a drying step and an opti onal

cal cinigygastre: 1i . €., in accordance with the method of this invention
before the catalyst is redeployed in the selective hydrogenation of

acetyl ene either directly qiedhitRh Jreducd/NeNT Mhiblysf2 or a suitable

hydr ocarbon, as has been described above. | e follow ng exanpl es are

Conetruatl adfothbulzh gha TERLLE, Bulcplelyh IMARS00R AURNGAWH el Pho e s, (e
(i <ool veleRpy | OB RR o aoB0 be ket pyeer iy B dreet Ppgened. aller | °

hydr ogenati on of acetylene to_ ethylene as shown in the Tabl e bel ow.
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cont ai rfed3 Bofd. wt % pal | adi um and 0.04 wt % silver on an al um num oxi de
support (7/32"x7/32" pellets) with surface area of 5n2/g. Catalyst B was
prepar gdepy Newr@OAetivafion dalaBlsisshows Wat thelSkialyst sondiisd 30.8 egmviatiige. as
described in Exanples 1-3. This solution was then added dropw se to

catal ysgxMdpifger all the NH4I 10 solution was added to the Catalyst A the
pel l et s were thoroughly m xed. The wet pellets were then transferred to a

di sh and dried and cal ci ne cld ' s 1-3. 27 Novenber 2006
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0 [37] 0.0301 gm NHy were dissolved in 7.60 gm of water. Then 25.05 gm of the

Pd/Ag/Alumina Catalyst B were impregnated with the NHyI solution. The catalyst was then
calcined at 539°C (1002° E.) for 3 hours, and cooled to room temperature in the furnace.

EXAMPLE 3

Preparation of Pd/Ag/NH,I Catalyst
5 I38] 0.0660 gms NH,I were dissolved in 29.9 gms of H,O to form an impregnation solution.

100.0 gms of Pd/Ag/Alumina Catalyst B were then impregnated with this NH,I solution. The

catalyst was then dried at a temperature of 120° C (248° F) for 1 hour. The dried catalyst was

then calcined in a furnace at 538°C (1000° F) for 3 hours after slowly ramping the temperature

up to 220° C (448° F) and then to 400° C (752° F)at a rate of 5° C (41° F)/minute. Neutron
)0 Activation Analysis shows that the catalyst contains 54.5 ppm Iodine.

[39] The following examples illustrate the preparation of comparative catalysts which

contain potassium iodide (Examples 4-5) or ammonium fluoride (Example 6) as the

impregnating composition.




EXAMPLE 1 Preparation of Pd/ Ag/ NH4l Catal yst [35] About 0.12
di ssol ved in about 30.04 gns distilled water. Then using thi ?%?%Hlbgir‘]‘@ﬁ%
100. 05 gi W opfoseoPd/ Ag/ Al um na base catal yst (Catal yst Blpcwaisas/i284

i npregnated. After 5 inpregnation, the catalyst was dried at 120 C (248 F)
and then calcined at 538 C (1000 F) fm 3 hours. [36] Neutron Activation
Anal ysis shows that the catal yst contains 30.8 ppm|lodine. EXAMPLE 2

Pr epar ago8m ot AP/ ARG DRT €at al yst 0 [37] 0.0301 gm NH4l were dissolved in

7.60 gm of water. en : gin of the Pd/Ag/A um na Catalyst B were
I npregnated with the N114| s LA Ji bal kst was then calcined at
539C (1002 F.) for 3 hours Y- roor?ﬁ nperature in the furnace.
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F)/minute.

COMPARATIVE EXAMPLE 5

0 Preparation of PA/A Catalyst
[41] 100.04 gm of the Pd/Ag/Alumina Catalyst A were impregnated with the remainder (~32
gms) of the KI solution prepared in Example 4. The catalyst was then dried at 120° C (248°
F)for 1 hour. The catalyst was then calcined at 538° C (1000° F) for 3 hours which included
ramping the temperature up at the rate of 5° C (41° F)/minute.

15 COMPARATIVE EXAMPLE 6

Preparation of Pd/Ag/NH4F Catalyst

[42] 0.235 gm of NH4F were dissolved in 7.45 grams of water to form the impregnation
solution. Then 24.97 gm of Pd/Ag/Alumina Catalyst A were impregnated with the solution.
The catalyst was then dried at 120° C and calcined at 400° C (752° F.) for 3 hours.

20 [43] In these experiments, the catalysts of the examples were tested in the hydrogenation of
acetylene contained in a back-end feed which contained 1.2 to 1.3 weight % acetylene, 13
weight % methane, 0.2 weight % hydrogen with the balance ethylene. Experimental conditions

included the reduction pretreatment of 20 grams of each catalyst diluted with 40 grams of
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The catal yst was then dried at 120 C and calcined at 400 C (752 F.) for 3
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TABLE
deactivation
Catalyst Catalyst Run rate loss in wilo hours on Temperature
Composition Number Number % gained/day** stream *(F)
conversion/
hr
Pd-Ag-NH,| EX1 1 0.006 0.059 418 140
Pd-Ag-NH,l Ex2 2 0.002 0.135 257 120
PD-Ag-NH, I EX3 3 0.069 0.063 425.0 104
Pd-Ag (G83C) | Commercia 4 1.14565 04 138 66-72
I
Pd-Kl EX 4 5 0.194 0.51 308 53
Pd-Ag-Kl EXS 6 0.621 0.085 286 94
1.455 94
0.232 120
Pd-Ag-NH,F EX6 7 0.314 1.05 120 68

*Temperature at which the deactivation rate was measured.

**Green oil make deposits on the catalyst which measures weight gain. The green oil make is
measured as the weight gained by the catalyst after the experiment divided by the run length of
experiment.

10
[45]  As shown in the Table, the catalysts of the invention showed significantly improved
15 deactivation rates as measured by loss in percent conversion per hour. Good selectivity rates
were also observed.l The table shows that the Deactivation Rates are lower for the processes
using the catalysts of the invention than the control catalysts EX. 4-7, even though the
temperatures were higher. This is unexpected as one would expect that the use of higher

temperatures would result in higher deactivation rates.




i ncluded the reduction pretreatnment of 20 grans of each cat al 1
with 40 grans of 27 Novenber 2006 WO 03/106020 PCT/ US03/ 1828225'28%%% 8%16
(inert A19%@B)3/pk@oed in a jacket reactor of inside di anet ectafsodi$s2 i nch.
The process conprised reducing the feed at 400 F (204 C) for two hours
with 200 m/mn. hydrogen flow at atnbspheric pressure. A 2:1 nolar ratio
of hydrogen to acetylene was used. [44] The follow ng Tabl e denonstrates
use of HMEP CEARINShSor0haEvasmldesribe? withtkferede tdheertdin ipisferitd @mbodinidnes.

sel ective hydrogenati on of acetylene contained in an ethylene stream The

cat al ysfigwofer CTPRiG VRidESABIeRIn Wil RBFhe BpPieht ) $8sd HCHUN o8 RSart, 8¢

catal ysts under the sane conditions. An untreated catal yst was al so tested
under t cti . itions. TABLE deactivation Catalyst Catalyst
Run rat@%F%gogqlshgﬁfaeﬁ%u”%;ﬁqggﬁgﬂ?énper ature Conposition Nunber Nunber %

gai ned/ day" stream *(F) conversion/ hr Pd-A -N1141 EX 1 1 0.006 0.059 418
140 Pd-A -NH41 Ex 2 2 0.002 0.135 257 120 PD-A -NH4l EX 3 3 0.069 0.063
425.0 104 Pd-Ag (&B3C) Comercia 4 1.14565 0.4 138 66-72 | Pd-10 EX 4 5
0.194 0.51 308 53 Pd-Ag-K1 EX 5 6 0.621 0.085 286 94



1.455 94 0.232 120 Pd-A -NH4AF EX 6 7 0.314 '1.05 120 68 *Te pe?EOOG
which the deactivation rate was nmeasured. 10 **Green oil nake ep05| s on
t he catal yst which nmeasures wei ght gain. The green oil nake is neasured as
the weight gained by the catalyst after the experinent divided by the run
| ength of experiment. [45] As shown in the Table, the catalysts of the
i nvention showed significantly inproved 15 deactivation rates as neasured
by 1 oss in percent conversion per hour. Good selectivity rates were also
observed. The table shows that the Deaggi\ation Rates are |lower for the
“-processes using the catalysts of the invention than the control catalysts
EX. 4-¢#y1a8ven though the tenperatures were higher. This is unexpected.as
one woul d expect that the use of higher tenperatures would result in ‘
hi gh(i:r dlea&t a?%,étog I tg enber 2006 WD 03/106020 PCT/ US03/ 18284 17
" [46] "The"i V8 i i 888018898%%81"\%#?ﬁhart@%bm@aime@emmmtthaimfeed
enbodi nents. However, as obvious variations thereon will "becone apparent
to those oFOIERWE]S#}Faﬁq-@eaailadlpﬁecommm, iroHverscamportent, g ihéghhRdubhsk et 0.
27 Novenber 2006 18 0 CLAIMS: 1 1. A catalyst conposition conprising a
mi'xt @r e t hmatdrisd ddan iodine corponduesditted fronMntedb cohsHANB rdf%ﬁﬁn?xhuheaﬂ
one pal | adi um conponent, "a silver conponent, an inorganic suppor

4 | iodide, hydrogen zoc_hde, iodine, tetraalkylammonium iodide, and mixtures thereof.
-1 2. The catalyst composition of claim 1, wherein the catalyat composition has‘a pa]ladium
| 2 content of about 0.01 to about 2 wit%, a silver content of about 0.01 to about 10 ’wt% and
3 . aniodine content of about 1 to about 10,000 ppm. |
1 3. The catalyst composmon of claim I, wherein the i Inorganic support material is selected

-2 from the group con51st1ng of a]umma 51hca titania, z:trcoma, alumlnosﬂmates 2,1nc

3 alummate ‘zinc titanate, and mxtures thereof

1 4. The catalyst éomposition of claim 1, wherein the cataljst composition has a palladium-
2 content of about O 01 to about D 6 Wt%, a silver content of about 0.02 to about 5 wt%

3 and, an jodine content of about 10 to about 1000 pPpm.

1 5. The catalyst compgsition of claim _I_, wherein the mixture has been calcined at-a

2 temperature of about 575°F (300° C) to about 1300° F (704° Q).

-1 6. The catalyst composition of claim 5 wherein the mixture is calcined for a period of from

2 ‘ about 0.2 to about 20.0 hours.

17 Tha catalyst composition of claim 1 wherein at least one palladtum component is selected

2 from the group consiating of palladium metal and palladium oxide.



3 material, and an iodine conponent selected fromthe group GanNg|

ammoni um 4 i odi de, hydrogen iodide; iodine, tetraal kyl ammoni um ?g‘%ﬂ"gg&gﬂ%
m Xt ures wWoersawbozd 2. The catal yst conposition of claimlpod@osigesi he
catal yst conposition has a palladium 2 content of about 0.01 to about 2
w% a silver content of about 0.01 to about 10 wt %4 and. 3 an iodine
content of about 1 to about 10,000 ppm 1 3. The catal yst conposition of
claim1l1, wherein the inorganic support material is selected -2 fromthe
group consisting of alumna, silica, tit%nia, zirconia, aluninosilicates,
zinc 3 alumnate, zinc titanate, and m xtures thereof. 1 4. The catal yst
conpodi t i8onThd catdlgstmf tlaimh ewdeneirt the iakhatopgionewip emintonom alsdea pal | adi um 2
content of about 0.01 to about 0.6 W% a silver content of about 0.02 to
about 5 wt% 3 and, an iodine content of about 10 to about 1000 ppm 1 5.
The cat aldy sTheaaglosiof claim df whbmimihi iodifrecomnponthids iddideur e has been cal ci ned
at a 2 tenperature of about 5750F (3000 C) to about 1300 F (704 C). 1 6.
The. catal yst composition of claim5 wherein the mxture is calcined for a

peri od ofiof TRatadyakebipoftidn b cRIMAUL whereth theehtalysilcofupolitiondat alpylddium
conposition of claiml| wherein at | east one palladi um conponent is sel ected

2 fromthe gnpup £k Bloing aeéut?%w&@dé L Einfnt 84boREh.0 A MBUeD 4R%, &d
Novernber 2006 WO 03/106020 PCI/US03/ 18284 19 1 8. The catal yst of claim

ol aimon. . with OB REUE e RO iy e heparkilp SRR
ConC ot of "wBibl 8 seeced Eambie bouonpsa b inn CRlsaRet 01 'to" -

about 10 wt% and__ . ) o ]
5 aluminosilicates, zinc aluminate, zinc titanate, and mixtures thereof.

1 11. The catalyst composition of claim 7, wherein the palladium content is about 0.01 to about
2 0.6 wt%, the silver content is about 0.02 fo about 5, and the iodine content to about 10 to

3 about 1000 ppm.

1 12. A composition prepared by a method comprising the steps of: contacting a starting

2 material comprising a palladium component, a silver component, and an inorganic

3 support material with a solution comprising an iodine component selected from the group
4 consisting of ammonium iodide, hydrogen iodide, iodine, tetraalkylammonium iodide,

5 and mixtures thereof, to provide an iodine-contacted starting material, and calcining said
6 iodine-contacted starting material.

1 13. The composition of claim 12, wherein the inorganic support material is selected from the
2 group consisting of alumina, silica, titania, zirconia, aluminosilicates, zinc aluminate,

3 zine titanate, and mixtures.



3 an iodine content of about 1 to about 10,000 ppm and wher ez wbb&mber 2006
i norgani ¢ support 4 material is selected fromthe group consisting o

al um na, widosagozbitania, zirconia, 5 alum nosilicates, aidrasabrgsgpate,
zinc titanate, and m xtures thereof. 1 11. The catal yst conposition of
claim7, wherein the palladiumcontent is about 0.01 to about 2 0.6 W%
the silver content is about 0.02 to about 5, and the iodine content to
about 10 to 3 about 1000 ppm 1 12. A conposition prepared by a nethod
conprising the steps of: contacting a sdlarting 2 material conprising a

pal | adi um conponent, a silver conponent, and an inorganic 3 support

mat er i al 14 Thy @ngRsiion@T chmAR] #heginthe icths@nonpaiedissdetdintaadivienom t he
group 4 consisting of ammoni um i odi de, hydrogen i odi de, i odine,

tetraal kyl agymel J, gk \Ginp entsGo B62Y Qo RMon.

i odi n%- cont act gg@%ﬁ%%&%ﬁ?@%&% ?ﬁ%%%%%?ﬁgv said 6 iodine-contacted
starting material. 1 13. The conposition of claim 12, wherein the inorganic

suppopt MBLgLd Al dSifpl #CiEE fof mfeﬁfmeéu o BatE A stk 9hd Heusdiad,

silica, tTtania, ‘zirconia, alufnosilicates, zinc alumnate, 3 zinc
titangte, and mxtures. 27 Novcggt‘é)% 506%6 aer03/ 106020 PCT/ US03/18284 20 1
14. THe conPBSPFEHS FFMTTHHYCe GRS M8 odi ne conponent is di ssol ved
in a solvent 2 selected fromthe group consisting of water and pol ar
solvents to formthe solut.ion. 1. 15  The .conposit.ion of claim12 whergin
Che. tpp i AREEPHHDR SR gArA L ViEel GUPRLE is SR b PRI Flm

i odide dissolved in water. 1 16. A conposition according to claim 12,

wher e2n cal @Wﬁ’@%ﬁ@ﬁ?@)@tﬁb@mmﬂmﬁr{?@ﬁ@r ature of 2 about 575F (300 O
to about 1300F (704 C).

1 17. A catalyst composition comprising at least one palladium component, at least one silver

2 component, an iodine component selected from the group consisting of ammonium
3 iodide, hydrogen iodide, iodine, tetraalkylammonium iodide and muxtures thereof, and an
4 inorganic support material.

1 18. The catalyst composition of ¢laim 17 which has a substantial absence of alkali metal

2 halide.
1 19, The composition of claim 12, wherein the iodide component is ammonium iodide.

1  20. The composition of claim 12 wherein the iodide component is elemental iodine dissolved

2 in watet,

1  21. The catalyst composition of claim 17, wherein the palladium component is palladium

2 metal, palladium oxide, or mixtures thereof.




1 17. A catalyst conposition conprising at | east one pall adi algnolel
at |l east one silver 2 conponent, an iodine conponent sel ectgz]lﬁrom PEQEOOG

group conwiostsimgr2ef anmoni um 3 i odi de, hydrogen iodide, | @gHN3/18284

tetraal kyl ammoni um i odi de and mi xtures thereof, and an 4 inorganic support
material. 1 18. The catal yst conposition of claim 17 which has a

substanti al absence of alkali netal 2 halide. 1 19. The conposition of
claim 12, wherein the iodide conmponent is anmoniumiodide. 1 20. The
conposition of claim 12 wherein the iodlde conponent is el enental iodine
dissolved 2 in water. 1 21. The catal yst conposition of claim17, wherein
t he pal | 22li Tha catibyso oempositorpal dididi 1ywhereethalcompasitiohasma pelladieym omtent ist ur es
t her éof . 27 Novenber 2006 WO 03/106020 PCT/ US03/18284 21 1 22. The

catal yst compesh.bi @ adut £ ati)h tilver 6beE& dbob ROCRAMRSE 10 RLNaR a ipdhé adi um
content is 2 about 0.01 to about 2 W% a silver content about 0.01 to

about 310 w4 . ande Aaut PH &?Du@ﬂ@,@@@ _of about 1 to about 10,000 ppm 1 23.
The catal yst conposition of claim17, wherein the inorganic support
material is selected 2 fromthe group consisting of alumna, silica,

titania, 5Zifconi ] | |4 e : Nl i : | ,a%% and
m Xt ul‘rl es zg“ln'i;hreeco aiysigé%gb#ﬁéﬁ é%tﬁ%fnyl?!{, “éﬂg]%%})%ﬁﬁl cl’(;r’i(1 ?}‘E@g co rrg%?\%deﬁw t c?eg] aim
17, erein_th al-l adi um cont.ent .is . 2 out 0.0L t bout. 0.6 wt% th
St vet cont i SR R g8 of SR S S AgoP e FuBRORIARES 2. ne
content is about 10 to 1000 ppm and the inorganic support material is 4

sel ecBed frawnime, ging iarsts apdmpgestherofini na, titania, zirconia and
m xt ures thereof.

1 24, The catalyst composition in accordance with claim 17, wherein the palladium content is

2 about 0.01 to about 0.6 wi%, the silver content is about 0.02 to about 5 wt% Ag, the
3 elemental iodine content is about 10 to 1000 ppm, and the inorganic support material is
4 selected from the group consisting of alumina, titania, zirconia and mixtures thereof.

1 25. The catalyst composition of claim 17, wherein the catalyst composition has been

2 calcined.

1 26. The catalyst composition of claim 25, wherein the catalyst composition has been dried

2 prior to calcination.

1 27. The catalyst composition of claim 25, wherein the composition has been calcined at a

2 temperature of about 575° F (300° C) to about 1300° F (704° C).

1 28. A composition prepared by a method comprising the steps of: impregnating a starting

O]

material comprising palladium, silver and at least one inorganic support material with a

3 solution comprising an iodine component, and calcining the impregnated starting material




1 25. The catal yst conposition of claim17, wherein the catal
conposition has been 2 calcined. 1 26. The cat al yst conposi t???iﬂovemberZOOﬁ
25, wher eWoO ediwe@at al yst conposition has been dried 2 prip@r/i3/18284
calcination. 1 27. The catal yst conposition of claim25, wherein the
conposition has been calcined at a 2 tenperature of about 575 F (300 C) to
about 1300 F (704 Q 1 28. A conposition prepared by a nmethod conprising
the steps of. inpregnating a starting 2 material conprising palladium
silver and at |east one inorganic supp@t material with a 3 solution
conprising an iodine conponent, and calcining the inpregnated starting

mat er4 al 27t Nestepdratr280Hout/ {T5OB/(I0BAI o B USOE/F FRGACP Bor adingg peaiod of
tenperature of about 575 F (300 C) to about 1300 F (704 C) for a tine

periogd of Hoamio Soctt HO hoewherdh NRUSSINEEhFnt Recleadd donchEgendNt i s
selected fromthe group 6 consisting of amoni um i odi de, hydrogen i odi de,

ioding, tetr @H@g ﬁ{lj%m e
corrp05| tion o@ [%?Qal m bfﬁ\%ﬁel?gﬁﬂﬂql Jgeggtlﬁrll%e ?:é)dr?&p%ﬁ%t%ta s arr?‘r%lrll%g%hsﬁgdl de. 1
30. met hod far the facture of a catal yst conposition which conpri ses
the sfeps ofdm @SWP};cti ng (a) a solid conposition conprising

pal | adi um silver and an 3 inorganic support material with (b) a liquid
conposi tign corrpHSJn nL0|ne co t for time perio f at | east
ContT 1 2BCBiRroRs SOt B A8 B EORIRR Rrne FoSBRRER SRR a5 (5)
cal ci ning the contact ed sol id corrp05|t| on obtained in step (1) 131 A

nmet hod accordl ng to claim30, wherein the nethod is carried

i he
subst Ant B8} A methoskion e Iaﬁn%%%@ifaﬁﬁwaﬁ @anposition which comprises @ stepd of:

2 (1)  contacting (a) a solid composition comprising palladium, silver and an
3 inorganic support material with (b) a liquid composition comprising an iodine component for
4  atime period of at least about 1 second, so as to produce a contacted solid composition; and

5 (2)  calcining the contacted solid composition obtained in step (1).

1 31. A method according to claim 30, wherein the method is carried out in the substantial

2 absence of potassium iodide.

1  32. A method in accordance with claim 30, wherein the inorganic support matertal is selected

2 from the group consisting of alumina, silica, titania, zirconia, aluminosilicates, zinc
3 aluminate, zinc titanate, and mixtures thereof; the liquid composition is water or a polar
4 solvent; and the time period is in the range of from about 10 seconds to about 10 hours.

1  33. The method of claim 30, wherein the inorganic support material is alumina, and the solid
2 composition contains about 0.01 to about 2.0 wt% palladium and about 0.2 to about 10

3 wt% silver.




1 32. A nmethod in accordance with claim 30, wherein the inor L
material is selected 2 fromthe group consisting of alunlnaqgnNPVEnggzhos
titania, x0oemmeezo al um nosilicates, zinc 3 alum nate, zingidodnagdsg, and
m xtures thereof; the liquid conposition is water or a polar 4 solvent;
and the tinme period is in the range of from about 10 seconds to about 10
hours. 1 33. The nethod of claim 30, wherein the inorganic support materi al
is alumna, and the solid 2 conposition contains about 0.01 to about 2.0
wt % pal | adi um and about 0.2 to about 1M®38 wt % silver. 27 Novenber 2006 WO
03/ 106020 PCTI US03/ 18284 23 1 34. The method of claim 30, wherein the

i odi dg¢ coaPThemkthod ofcRith 30 0whdreitithd iodiderdonfoBeri iSprovided ipHifiitide: anasinte
present in the catalyst in an anount in the range of fromabout 1 to 3

about 210, 00f) REMde boddm préfst ﬁ%@@&ta@&uﬁlaﬁlamoa@b m‘éﬁ@faﬁgé‘ofﬂi‘@m%ﬁb&ﬂ Yoy step
is conducted at a tenperature in the 2 range of from about 575 F (300 Q)

to abqut 13%% 1 36. The conposition prepared by the nethod of
cl ai m§30 1 flé’ég@ﬁgglhod or conposition of claim 30, wherein the iodine
conponent is selected from 2 the group consisting of amoni um i odi de,

¥ 3o, enasnienuish cBim R PRReEPIRR-Ren s kbR E Ao SR U S

is amonium 2 | |de od cture of a catal yst
conpodi ti onram?e PP%%é F%ﬁ) ¢BA %tlﬁa@ anﬁi Fgani ¢ support materi al

with a palladium corrponent and cal ci ning the pall adi um contacted

i norgani c support material;
1  36. The composition prepared by the method of claim 30.

1  37. The method or composition of claim 30, wherein the iodine component is selected from
2 the group consisting of ammonium iodide, hydrogen iodide, iodine, tetraalkylammonium

3 iodide, and mixtures thereof.

1  38. The method or composition of claim 37, wherein the iodide component is ammonium

2 iodide.
1 39. A method for the manufacture of a catalyst composition which comprises:

2 (1)  contacting an inorganic support material with a palladium component and
3 calcining the palladium-contacted inorganic support material;

4 (2)  contacting the calcined palladium-contacted inorganic support material with a
5 silver component, and calcining the silver-contacted, palladium-contacted inorganic support

6 material; and




4 (2) contacting the calcined palladiumcontacted inorgani ¢ si#RBUimber 2006
material with a 5 silver conponent, and calcining the silver-contacted,

pal | adi unwpe/®eazed i norgani c support 6 material; and 27 pdayedibes2s£006 WO
03/ 106020 PCT/ US03/18284 24 7 (3) contacting the cal cined
silver-contacted, palladiumcontacted inorganic 8 support material wth an
i odi ne conmponent and cal cining the iodine-contacted, silver- 9 contacted,
pal | adi um cont acted i norgani c support material to formthe catalyst
composition. 1 40. The method of claim &9, wherein the nethod is carried
out in the substantial absence of 2 potassiumiodide. 1 41. The nethod of
cl ai m739, wher@} n tdoatacting géei cakipdorsilveredoataceal, | galladlesctatadied ninbizanic?2
group consisting of alumna, silica, titania, zirconia, alumnosilicates,
zinc & umugg@ﬁ,mat&;iam Qtht bt 36@KE cordpdnBX bl Ralcingy @R iodine-fentactél® fRENOM
of claim 39, wherein each contacting step is carried out by inpregnation of

2 thegn ! ] ; . |.aj in the
Codi nd CoRBRIcR, SHRARES cdRIR BorpalicppotiBRENG tofl 4 Bt Cord BT

i n wat.er ol.ar ye te forma solution and. . npregnat . t he
orader At The BRI YR, SRR e Sttt kAReF B b TR SRARNI YteiFs of
about .10 seconds to 3 about 10 hours. 1 44. The net hod of cl ai m 39,
wher ei?n suf PPEFEHR 1981if$- adi um and silver are used so that the 2 inorganic

support material contains about 0.01 to about 2.0 wt % pal | adi um and about

0.2 3to a%%ut 10 wt % silver. 27 Novenber 2006 o
1 41, The method of claim 39, wherein the inorganic support material is selected from the

2 group consisting of alumina, silica, titania, zirconia, aluminosilicates, zinc aluminate,

3 zing titanate, and mixtures thereof.

1 42. The method of claim 39, wherein each contacting step is carried out by impregnation of

2 the inorganic support material.

1 43. The method of claim 39, wherein the iodine contacting step is catried out by dissolving

2 an jodine component in water or a polar solvent to form a solution and impregnating the
3 inorganic support material with the solution for a time period of from about 10 seconds to
4 about 10 hours.

1 44. The method of claim 39, wherein sufficient palladium and silver are used so that the
2 inorganic support material contains about 0.01 to about 2.0 wt% palladium and about 0.2

3 to about 10 wit% silver.




WO 03/106020 PCT/ US03/ 18284 25 1 45. The nethod of clai m 44.9pM08v&hBet B606
i odi de conponent is provided in sufficient amounts 2 to provide iodine
present i WQesgloegrbal yst in an anount in the range of fromraroudos/ksee 3
about 10,000 ppm 1 46. The nethod of claim 39, wherein each cal cining step
is conducted at a tenperature in the 2 range of from about 575 F (300 C
to about 1300F (700 Q 1 47. The conposition prepared by the nethod of
claim39. 1 48. The method of claim 39, g\/nerei n the iodine conponent is
selected fromthe group 2 consisting of>ammoni um i odi de, hydrogen i odide,
iodine, o  xtures thereof. 1 49. The nmethod of claim39, wherein the

i odi dgl co‘?ﬁp micthad ofnelamn t Wisasindhe ipdide compprent sqyovided mhaiifsientegwnatsi on
of an unsaturated hydrocarbon which conprises 2 contacting an unsaturated
hydr ocar bon tewpiorideyiedioepresem in the cptalistince apfounhin thatagy of frofn abdutl & m 1. 1
51. A process for selectively hydrogenating at | east one al kyne cont ai ni ng
from 3 to abkbatt 18,002 ppar.bon at ons per nolecule which is present in a feed
wi th hydrogen gas, to at |east one 3 corresponding al kene containing from
2 to about 8 carbon atons per nolecule, 4 conprising the steps of.

cont acl i r4p. Tak eheftireichfafimSdi, dhbye QL8 RalgRS 't&ﬂ‘istcﬁﬁd&?édaétﬁ%mé’éramfé flgd m 1,
27 Novenber 2006 WD 03/106020 PCT/ US03/18284 26 1 52. The process o

clai mbL. vhskeonRbiLRht 5950k (AP A KARyhS0BRIOGHAY, Trom the group 2

consi sting of "acetyl ene, propy t'yne-1 and -2, and m xtures
t her eof .

1 47. The composition prepared by the method of claim 39.

1 48. The method of claim 39, wherein the iodine component is selected from the group

2 consisting of ammonium iodide, hydrogen iodide, iodine, or mixtures thereof.
1 49. The method of claim 39, wherein the jodide compoenent is ammonium iodide.

1 50. A process for the hydrogenation of an unsaturated hydrocarbon which comprises

2 contacting an unsaturated hydrocarbon with hydrogen in the presence of the catalyst of

3 claim 1.

1 51. Aprocess for selectively hydrogenating at least one alkyne containing from 2 to about 8

2 carbon atoms per molecule which is present in a feed with hydrogen gas, to at least one
3 corresponding alkene containing from 2 to about 8 carbon atoms per molecule,
4 comptising the steps of: contacting said feed and said hydrogen gas with the catalyst of

5 claim 1.




1 53. The process of claimb51, wherein the at |east one al kyrﬁ '3v BLyYbeps
and the at |east one 2 alkene is ethylene. 1 54. The process o'#l c‘?@l mgﬁ
wher ei n t o damweb2eont ai ns at | east one sul fur conpound selpai@@ds/gasi rom the
group consi sting of hydrogen sulfide, carbonyl sulfide and nercaptans.

26
1 52. The process of claim 51, wherein the at least one alkyne is selected from the group

2 consisting of acetylene, propyne, butyne-1 and butyne-2, and mixtures thereof.

1 33.The process of claim 51, wherein the at least one alkyne is acetylene and the at least one

"2 alkene is ethylene.

1 54. The process of claim 51, wherein the feed contains at least one sulfur compound selected

2 from the group consisting of hydrogen sulfide, carbonyl sulfide and mercaptans.




