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A SELECTI VE HYDROGENATI ONCATALYST AND METHODS COF
MAKI NG AND USI NG SAME CROSS- REFERENCE TO

WEeEBLWATERAPPLI CATI ONS The present application clarms2006/027298

priority under 35 U.S.C. 119(e) to U S. provisiona
pat ent application nunber 60/702, 745 entitled "A

Sel ective Hydrogenation Catal yst and Met hods of Maki ng
and Using Sane" and fil ed oﬂ July 27, 2005.
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enpl oyed as feedstocks in preparing val ue added
dﬂ@h@%’éw@ fledi opg%rzbo_%qué{. rRatcafjapplication number 10/741,800

entitled “Methods of Making and Using a Selective Hydrogenation Catalyst” and filed

on December 19, 2003. Bach of the foregoing applications is hereby incorporated by
reference herein in its entirety.
FIELD OF THE INVENTION

The present invention relates to the production of unsaturated hydrocarbons, and
more particularly to a selective hydrogenation catalyst and methods of making and
using the same to selectively hydrogenate highly unsaturated hydrocarbons.

BACKGROUND OF THE INVENTION

Unsaturated hydrocarbons such as ethylene and propylene are often employed
as feedstocks in preparing value added chemicals and polymers. Unsaturated
hydrocarbons may be produced by pyrolysis or steam cracking of hydrocarbons
including hydrocarbons derived from coal, hydrocarbons derived from synthetic crude,

naphthas, refinery gases, ethane, propane, butane, and the like.  Unsaturated
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hydr ocar bons may be produced by pyrolysis or steam
cracki ng of hydrocarbons incl udi ng hydrocarbons

crude, naphthas, refinery gases, ethane, propane,

but ane, and the |ike. Unsaturatedhydrocarbons may al so
be produced by the conversign of al cohols. Unsaturated
hydr ocar bons produced in thése nanners usually contain
smal | proportions of highly unsaturated hydrocarbons
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u%saturated hydr ocar bons to saturated hydrocarbons is
AOATHPPEY For ~ exanpl e, the hydrogenation of ethylene

or acetylene to ethapne is mnimzed. The sel ective,
hydr 0GR &L ﬂuerraym}?@i}d@%f o the ARgUE af apelylqpes and diolefins
conprising pall adium (Pd) on_an_inorgani c support..
HB Vil Bisatufaeds Byfgocetbpr et meperilys GRpPTEBgemppapdefins involves
hydr ogenati on catal ysts caggfnoduce green oil by )
celegfigbrivdiogenatingthy agstylenss and diplgfis te mesmpeigfinsad higgaepess is
herein, green oil refers to nol ecul es having nore than
fsglaetive afib dint avdragenatipn nef] Eiey menoayfime gnd;the jaghdyn amsgturgted
nunber of contributors to the fouling )
hydrocarbons to saturated hydrocarbons is minimized. For example, the hydrogenation
of ethylene or acetylene to ethane is minimized.

The selective hydrogenation may be performed using catalysts comprising
palladinm (Pd) on an inorganic support. However, in some circumstances, such
selective hydrogenation catalysts can produce green oil by oligomerizing the acetylenes
and diolefins. As used herein, green oil refers to molecules having more than four
carbon atoms per molecule. Green oil is one of a number of contributors to the fouling
of the selective hydrogenation catalysts and the resulting catalyst deactivation. The
deactivation of the selective hydrogenation catalyst results in the catalyst having a lower

activity and selectivity to unsaturated hydrocarbons. Green oil production is

particularly apparent in backend hydrogenation reactors. A selective hydrogenation

hydr ocar bons derived from sgniuseios027298



10

15

20

woOher7gef@et i ve hydrogenati on catal yst

of the selective hydrogenation catal ysts and the
resulting catal yst deactivation. The deactivation of

catal yst having a | ower activity and selectivity to
unsat urat ed hydrocarbons. G een oil production is
particul arly apparent in bagkend hydrogenation
reactors. A selective hydrogenationcatalyst in such
backend reactors requires regul ar regeneration, and

wi th each regeneratj cyc vt n
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with a chlorine-contai ning conpound.to forma .
chl or e EHPY F@sﬁﬁﬁHFg ?s?eﬁp%éﬂ)géhﬂbg%ﬂgnﬁ selective
palladiumto the chlorided catalyst support to forma
Juipiesenatien satplystafon Hyegsedng Adne iueﬁﬁt‘i?rgte% 1%40&%?‘?1\/8’ an
hydr ogenati on catal yst. conposjtion. The nethod may .
fugpatrated dydrprared (ERBVNG GORAGAE P dLEEIYT faRlyt é‘éHPS%’/‘;?’%‘fh a
sugport an anmount of chlori necontai ni ng conpound,
dhlopnpewitaining compenndt to form raeeiflotiled afabit swrpartEgp (2)) and
el ements after step (a) to produce a clean chlorided
cdding ywetladiup forthe ﬁglvmﬁé qatabyyt seRpatt tQ0fory aapwpertefapladinm
ppm by wei ght chlorine. The method may further
conmpesitim velddi in g selective Awirogsnation eptalyiticoinpsitionh d he methpd may
t he supported-pal | adi um conposition to form an ]
efinttizen cewprise ppootieg fomtheadilande d catghyss Fepnport an whesof chlpgne-
selectivity enhancer conprises a conpound sel ected
fooatainirgeompound, decomposition products thereof or other unwanted elements after

step (a) to produce a clean chlorided catalyst support having from about 10 to about
1200 ppm by weight chlorine.

The method may further comprise adding at least one selectivity enhancer to the
supported-palladium composition to form an enhanced supported-palladium
composition, wherein the selectivity enhancer comprises a compound selected from the
group consisting of Group 1B metals, Group 1B metal compounds, phosphorus, sulfur,
phosphorus compounds, sulfur compounds, alkaline metals, alkaline metal compounds,
iodine, iodide compounds, and combinations thereof. The enhanced supported-
palladium composition may comprise from about 0.001 to about 10 weight percent

selectivity enhancer based on a total weight of the catalyst.

results POTAIS2006/027298
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conmpounds, i odine, iodide conmpounds, and conbi nations
thereof. The enhanced supportedpal | adi um conposi tion
may conprise fromabout 0.0Q1 to about 10 wei ght
percent selectivity enhancer based on a total weight
of the catal yst. The chlorine-containing conpound nay
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chl ori necont ai ni ng conpound may conprise a conmpound
deteperetiylagnmppivgh cchiogidp teragthdpagmgnivm - chloride, and combinations

thereof. Alternatively, the chlorine-containing compound may comprise a compound
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described by the formmla CCLHy; wherein x + y = 4. Alternatively, the chlorine-
containing compound may comprise carbon tetrachloride. Alternatively, the chlorine-
containing compound may comprise a compound described by the formula C,ClLHy;
wherein x + y = 6. Alternatively, the chlorine-containing compound may comprise
trichloroethane. The selective hydrogenation catalyst may comprise from about 0.01 to
about 1.0 weight percent palladium based on a total weight of the catalyst.

In an embodiment, disclosed is a selective hydrogenation catalyst for
hydrogenating a highly unsaturated hydrocarbon to an unsaturated hydrocarbon formed

by the method comprising contacting an inorganic catalyst support with a chlorine-
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trichl oroethane. The sel ective hydrogenation catal yst
may conprise fromabout 0.01 to about 1.0 weight
percent palladi um based on a total weight of the
catal yst. In an enbodi nent,. disclosed is a selective
hydr ogenati on catal yst for %ydr ogenating a highly
unsat urat ed hydrocarbon to an unsaturated hydrocarbon
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hydrocarbon conprising a chlorided inorganic catalyst
dydnogeatiomeohfliioisum and silver. The catal yst may

conprise fromabout 10 to about 1200, alternatively .
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unsaturated hydrocarbon to an unsaturated hydrocarbon comprising a chlorided
inorganic catalyst support, palladium, and silver. The catalyst may comprise from
about 10 to about 1200, alternatively from about 20 to about 800 ppm by weight of
chlorine, from about 0.01 to about 1.0, alternatively from about 0.01 to about 0.8 weight
percent palladium based on a total weight of the catalyst; and (c) from about 0.01 to
about 10, alternatively from about 0.01 to about 5 weight percent silver based on a total
weight of the catalyst. The \catalyst may further comprise one or more selectivity
enthancers selected from the group consisting of iodine, iodide compounds, phosphorus,
phosphorus compounds, sulfur, sulfur compounds, alkaline metals, alkaline metal

compounds, and combinations thereof The catalyst may comprise from about 0.001 to
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chlorine; fromabout 0.01 to about 1.0, alternatively
fromabout 0.01 to about 0.8 weight percent palladi um

woasEdismza total weight of the catal yst; and ecy/uSemnn27298

about 0.01 to about 10, alternatively from about 0.01
to about 5 weight percent silver based on a total

wei ght of the catal yst. The_.catal yst may further
conpri se one or nore selectrvity enhancers sel ected
fromthe group consisting of iodine, iodide conmpounds,
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enbadi nen .%n whi ch an unsaturated hydrocarbon stream
&M B4 highly unsaturated hydrocarbon is fed to
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on _an inorganic catalyst support nodified by a
dpiiepdrhps-te aEoaPetHy conpound.

Figure 2 is a graph illustrating the relative fouling curves during the
hydrogenation of acetylene for one control selective hydrogenation catalyst and two
selective hydrogenation catalysts comprising palladium on an inorganic catalyst support
modified by a chlorine-containing compound.

Figure 3 is a graph illustrating the relative catalyst selectivity to ethylene during
the hydrogenation of acetylene for one control selective hydrogenation catalyst and two
selective hydrogenation catalysts comprising palladium on an inorganic catalyst support
modified by a chlorine-containing compound.

DETAILED DESCRIPTION OF THE INVENTION

In an embodiment, a method of making a catalyst for selectively

hydrogenating highly unsaturated hydrocarbons to wumsaturated hydrocarbons

comprises contacting an inorganic catalyst support with a chlorine-containing



10

15

20

weaceinyigne for one control

Figure 3 is a graph illustrating the relative catalyst
selectivity to ethylene during the hydrogenati on of

catal yst and two sel ective hydrogenati on catal ysts
conprising palladiumon an inorgani c catal yst support
nodi fied by a chlorine-conéﬁining conpound. DETAI LED
DESCRI PTI ON OF THE | NVENTI In an enbodi nent, a

nmet hod of making a catal yst for selectively
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enhanced suppor t ed- pal | adi um conposition that is
dpigsnay %nﬁggg;selectlve hydr ogenat i on catalyst The
details of such nethods are prqvided bel ow.

her ei fhe &etaflpp §pch racthads af%erowgsci g@a% vsgddlar%é igdy
a hydrocarbon containing at |east one triple bond
cEpdtugie dedros bshiscdaineh ayd dpfrecasbargcontinipg, ﬁhlea%t.% triple
car bon-car bon doubl e bond. As used herein,

thesgit epnpgatad lsglipmeabybhouble bed; Ae aulaléataferﬁ%hoaccalfbae flouble
contai ning an isol ated carbon-carbon doubl e bond.

beadp| A5 uesd hrejl g0 ynsirdiehhediosnlpnois sdebped a5 achygarsarbon
wi thout limtation acetyl ene, .nethyl acetyl ene and
pootaindtigemeisolmed apbers casbor doyhiehoate dxpyplen e hhigblgiosaturated

i nclude ethylene and propylene. It is also
hydrocarbons include without limitation acetylene, methylacetylene and propadiene.

Examples of unsaturated hydrocarbons include ethylene and propylene. It is also
understood that the term “catalyst” refers to the support together with the materials
impregnated in or on the support.

Unless specified to the contrary or apparent from the plain meaning of a
phrase, the word “or” has the inclusive meaning,

In some embodiments, the catalyst support may comprise an inorganic support
such as one or more aluminas, silicas, titanias, zirconias, aluminosilicates (such as
clays and/or zeolites), spinels (such as zinc aluminate, zinc titanate, and/or
magnesium aluminate), or combinations thereof. In some embodiments, a suitable

catalyst support is an alpha (ov)-alumina support.

sel ective hydr ogenaPComs2006/027298
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understood that the term"catalyst" refers to the
support together with the materials inpregnated in or

apparent fromthe plain nmeaning of a phrase, the word
"or" has the inclusive neaning. In sonme enbodi nents,
the catal yst support nay cogprise an inorganic support
such as one or nore alumnas, silicas, titanias,
zirconias, alum nosilicates (such as clays and/or
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titanate, magnesi um al um nate), or conbinations
SR P PR SR TR, mARA Ry PR ey e 2
%gxg&g otfea 02 Yo RS BER 7%?%2?1; g&?ﬂ%@&@@% Bbq?ut ;ggago Yhe

square neters per gram e enpl o
e AT Y bl HPREN e R oy SARCEGBT8 oL o
QEBy AR B 0 OB Bl R PR (PR
i B "o over ) Rnent e PR ol apsofR i e
TERSH AR RSO AR
G loh oA e SR GTE B ot KT SR e

Pore Vol ume and Pore Sjze Distributiaon. of Porou

9 VRS ala@ kR BEPELa P 1005 ibEAGES by MERCURY
incorporated herein by reference in jts entirety.
PAFEISTs v@%lcl%ﬁéncemoatiﬂélereguwpfa{%feng%%ﬁsgpw% ave an
average dj aneter of fromabout 1 to about 10 nmm
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any suitable shape. In an_enbodi nent, the shape of the
ho | lyis abayi d g gvmn, algipatieely from about 2 to about 6 mm, and can have any

suitable shape. In an embodiment, the shape of the catalyst support may be
cylindrical. In an alternative embodiment, the catalyst support may be spherical
Initially, the inorganic catalyst support is contacted with a chlorine-containing
compound to create a chlorided catalyst support. The chlorine-containing compound
can be a gas, a liquid, or combinations thereof An embodiment comprises contacting
the inorganic catalyst support with a liquid chlorine-containing compound to create a
chlorided catalyst support. Such a liquid may comprise at least one chlorine-
containing compound. In some embodiments the liquid chlorine-containing
compounds to which the inorganic catalyst support may be exposed to create the
chlorided catalyst support include, but are not limited to, hydrochloric acid; alkaline

metal chloride; alkaline earth chloride; chlorohydrocarbons; compounds described by

Unl ess specified to the contr aCy/US2006/027298
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cylindrical In an alternative enbodi nent, the catal yst
support may be spherical. Initially, the inorganic

woab@lyst42 support is contacted with a PCT/US2006/027298

chl ori ne-cont ai ni ng conmpound to create a chlorided
catal yst support. The chlorine-containing conpound can
be a gas, a liquid, or coannations t hereof An

enbodi ment conprises contacting the inorganic catalyst

support with a liquid chlorine-containing conmpound to
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barium chl oride, or conbipations thereof.. I.n sone
mﬂw&w@@emo@gl@@sﬂw@ Pt BrhRspEpoRy 2 voed
RWR xR* yR " z)d may conprise ammoni um chl ori de
ﬂneqemynaymﬁ@ﬁﬁmﬂnaww}éi cqmiaming;lr L300y WHSFE a5 at least one
chloride, tetraethylammoni umchloride, or ﬁonb'qﬁtiqps
tshhstimgon oChydpaenipa chlosips ohs serge Gabedinents chlopgyfydrocarbons
conpri se compounds contai ning 1-10 carbons wherein
tchimpmseicgmpounide describrfebysht formela CCHLy Vhetg 8 it otje A)s cafpounds
chlorine. In some enbodi nents chl oro-hydrocarbons
destpibédsey thenfoumwlal €:0kHe (Wisedix ByY £h@; Pbeoribinations el In
(where x + y = 4); conpounds .

some embodiments compounds described by the formula CCLH, comprise carbon

-

tetrachloride, dichloromethane, or combinations thereof In some embodiments,
compounds described by the formula C,CLH; comprise trichloroethane. In an
embodiment, the liquid chlorine-containing compound comprises potassium chloride
in solution.

The inorganic catalyst support can be contacted with the liquid chlorine-
containing compound in any suitable manner that will yield a selective hydrogenation
catalyst meeting the parameters described herein. In an embodiment, the method used
to contact an inorganic catalyst support with a liquid chlorine-containing compound

may be incipient wetness impregnation, which is well known in the art. During
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described by the formula C O xHy (where x +y = 6); or
conbi nations thereof. In sonme enbodi nents conpounds

wdeswrroibme by the formula CO xHy conprise car beaT/Uus2006/027298

tetrachl oride, dichloromethane, or conbinations
thereof. In sonme enbodi ments, conpounds descri bed by
the fornmula C2C xHy conpriﬁg trichloro ethane. In an
enbodi ment, the |liquid chlorine-containing conpound
conpri ses potassiumchloride in solution. The
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wi th a gaseous chlorine-containing conpound. to .create
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chl ori ne-contai ni ng conpounds that nmay be e oned,%f
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chloride gas, chlorine gas, COxHy (where x +y = 4),
Geatingjayrolafifecthiorachudrgcathog or niurg Migkiohat i ons thereof. In
anot her enbodi nent, the gaseous chl ori ne-cont ai ni ng
conpodndsthad eusedita evdcthgn roaganisg caalys| PPk With a gaseous
chl oro- hydrocarbon or m xture thereof _
chlorine-containing compound may be accomplished by heating the inorganic catalyst

support in the presence of a gaseous chlorine-containing compound and optionally in
the presence of oxygen, water, nitrogen, hydrogen or mixtures thereof to create a
chlorided catalyst support. In an embodiment, the inorganic catalyst support may be
contacted with a gaseous chlorine-containing compound at temperatures of from
about 300°C to about 850°C for from about 0.2 to about 20 houts.

The amount of chlorine-containing compound deposited on the inorganic
support is controlled independently of the contact method, whether by liquid
contacting, gas phase contacting, or combination thereof The contacting method may
deposit an amount of chlorine-containing compound such that the chlorided catalyst

support, i.e., the catalyst support after exposure to a chlorine-containing compound,
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A nethod used to contact an inorganic catal yst support
W th a gaseous chl orine-containing conpound nay be
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vathen untantech tlempie to eitiaiarmlesy calopgesl prialysh quppogcad ikervise
remove fromthe chlorided catal yst support unwanted
afrepaenths chlrsidedsatalysta oot fof cxtopweitacaliaivmi nRefgoving an
conpound, deconposition products thereof, or other
umwanit efcchiirisreontgining ecompaens! zdsr ean odler nveniesl elements gey
support and ot herw se
occur via a wash, via vaporization, or combinations thereof, depending, for example,
on the type of chlorine-containing compound involved. The vaporization may be
accomplished at a temperature of from about 300°C to about 850°C for from about
0.2 to about 20 hours. After processing, the clean chlorided catalyst support may
comprise from about 5 to about 2000 ppm by weight of chlorine; alternatively, may
comprise from about 10 to about 1200 ppm by weight of chlorine; alternatively, from
about 20 to about 800 ppm by weight of chlorine; alternatively, from about 30 to
about 400 ppm by weight of chlorine with respect to the support.

In an embodiment, a chlorided catalyst support produced by contact with a

liquid chlorine-containing compound may be exposed to an elevated temperature of

from about 50 °C to about 850 °C for from about 0.5 to about 20 hours to dry and/or
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prepare the chlorided catal yst support for exposure to
pal | adi um Renovi ng an anount of chl orine-containing

woaopgausd2 and/ or any ot her unwanted el enents nmMRETWSEL006/027298

via a wash, via vaporization, or conbinations thereof,
dependi ng, for exanple, on the type of
chl ori ne-cont ai ni ng conpoqu i nvol ved. The
vapori zation may be acconpli'shed at a tenperature of
from about 3000C to about 850C for fromabout 0.2 to

0 el
gggng(% t);l% %hﬁﬂggdsca%&rﬁ{a )ﬁ/fpgg{tfgir}i&goé" ]#}gduchg% Qa8 1ot b FeHst
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the support nmay be washed with water at tenperatures
AR WFRedBRIR®0 0C to about 100 OC for from about 1

m nute to about 2 hours, |n_an _enbodi nent, the mashin%h
uti | i Benother sphngiainéa qhigided patalat SHPOE ATQEesst Dyfegtact wi
occurs after drying and/or, calcining, Followng the .
Wegessopchdaring-copthiaing o P nayatealspaed e pporipatipgpr washing
optional ly undergo anot her exposure to an el evated

toe peomdingtien gereof donremoigt aTNQEt 06 chlpitr cavgnipg cpEpound,
fromabout 0.5 to about 20 hours to renove an
\insvepositiompro duotsy thereof, or other unwanted elements. In an embodiment, after

contacting the inorganic catalyst support with the gaseous chlorine-containing
compound, flow of the gaseous chlorine containing compound is stopped, and the
gaseous treated chlorided catalyst support may be continued to be heated and/or
calcined by exposure to an elevated temperature in the absence of the gaseous
chlorine containing compound to produce a cleaned chlorided catalyst suppoﬂ.
Exposure to an elevated temperature may occur in the presence of oxygen, water,
nitrogen and mixtures thereof for less than or equal to about 18 hours. This
vaporization removal step may be optionally followed by exposing the chlorided
catalyst support with a heated stream of gas free of the chlorine containing compound

to further remove any unwanted elements. After processing, the cleaned chlorided
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I n anot her enbodi nent, a chlorided catal yst support
produced by contact with a gaseous chl orine-containing

woaopgousd2 may be cl eaned via vaporization or WaeliusSgn061027298

a conbi nation thereof to renove an anmount of chlorine
cont ai ni ng conpound, deconposition products thereof,

or ot her unwanted el enents.13 n an enbodi ment, after
contacting the inorganic catalyst support- with the
gaseous chl ori ne-contai ni ng conpound, flow of the
gatiysusippdit ey oemiria tiaimubog 500 Bl BOD0 HnshOREIeR, of aRlerine,
t he gaseous treated chlorided catal yst support nay be

CaitaitnbiiveByd miag doprieai@d abondl i 0k £ahic1 100 GpRYbyE¥HAR YT ehibane,
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step may be optionally foll owed by exposing the
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free of the chlorine containing conpound to furth
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cleaned chl oridedcat al'yst support y conprise

ah9Mtor 2 fala RO tbn2 n%?]?gﬁﬁﬁ el 9hbaR Ehu%&h?dghﬂé gcrg palladium

alternatively, may c e from abou
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I . pal | adi um : .
%Qﬂt%%llng%oﬁ{mlp may contain a sufficient amount of palladium to form a supported-

palladium composition having from about 0.01 to about 1.0 weight percent palladium,
alternatively from about 0.01 to about 0.8 weight percent palladium, alternatively
from about 0.01 to about 0.5 weight percent palladium, all weight percentages being
by weight of the supported-palladium cdmposition. In an embodiment, the palladium-
containing solution is added to the clean chlorided catalyst support in a manner to
cause at least about 95 weight percent of the supported-palladium composition
particles to have the palladium concentrated near the periphery of the supported-

palladivm composition particles such that those particles have a so-called palladium

skin.
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nitrate using any suitable manner that will yield a
sel ective hydrogenation catal yst neeting the

pal | adi uncontai ni ng solution is an aqueous sol ution.
In an enbodi nent, the nmethod used to contact a clean
chl ori ded catal yst support gﬁth a pal | adi um cont ai ni ng
sol ution may be incipient ﬂetness i mpregnati on, which
is well known in the art. The pall adi untontai ni ng

el heart. The pa |
PR P R i i s G

e o S0t B GhRS pPELE SRk BPLLR M or
ent . pal | adi I ' . .
%@ alcc:']l o !ngg%{aag%qgnmﬁlée?%}gﬁér@ Sgb%/ g%?ﬁg{#no%%nﬁ p%eg%pfot%m}a?ess as
t . bej b ' f o '
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Simpone e, ek pdrts pipafedth SRtk Bostet BEE b
Broh o o SRR SR b IRBER IS o o
Rl B AR S SRat R ATR oS ehe " gy e
e, e S St Sl ind I g B
support ed- pal | adi um conpposition that contains at |east

arroneoromatgbbyyrefergnce et of t he pal | adi um i ncor por at ed
in the su?port. The pal | adi um skin can be any .= |

t hi ckReitad ea@eqh@wgfoaéfg@uelﬁmg Hhe konssrirafign of thsmpplladippegin the
hydrogenati on process disclosed herein. Generally, the
tskinc Hlassspprtadinallylipm sampesition; ase kegwipie the, aith eteamminedhe
fromabout 1 mcron to about 3000 microns, .
aonesnimation vof| the paladivab duthe Skini ofrtbe sunpertedpalladipgpepniposition
m crons, alternatively fromabout 5 mcrons to about
2696 imdateromsng the thifknesshesfithe skin. One technique that may be employed

to determine the palladium skin thickness is the electron microprobe method.
Another technique involves breaking open a representative sample of the supported-
palladium composition particles and treating the supported-palladium composition
particles with a dilute alcoholic solution of N,N-dimethyl-para-nifrosoaniline. The
treating solution reacts with the palladium to give a red color that can be used to
evaluate the distribution of the palladium. Yet another technique for measuring the
concentration of the palladium in the skin of the supported-palladium composition
involves breaking open a representative sample of catalyst particles, followed by
treating the particles with a reducing agent such as liydrogen to change the color of

the skin and thereby evaluate the distribution of the palladium.

I n an enbodi nent PCT82006/027298
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reference, the teachings of U S. Pat. Nos. 4,404,124
and 4,484,015 are instructive and are incorporated by

concentration of the palladiumin the skin of the
support ed- pal | adi um conposition are known in the art.
Determ ning the concentrati.gqn of the palladiumin the
skin of the supported-palladi um conposition helps in
determi ning the thickness of the skin. One technique
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t hi ckness ron m cropro
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a representative sanple of catalyst particles,

o PR EHRBYS t reati ng the particles with a reducing
agent such as hydrogen to changeﬁ%he,ooh&r of the shin
and t Ferepieraie Fbadament,ong o8 MorgiflGeHH pfnhpppers may be added
pal | adi um The support ed- pal | adi um conposition faorned,
g thesrprezter-palladien eqranesition foppdeg B salignged sy ﬁs-rpgl?admm
wi th the palladiuncontaining solution optionally my
[semgpsitiqn waefud a5 @ rppleptiveJydragenatipn sptalieiut noose b dimelt (kis
150 OC for a period of from about 0,5 hour to about_ 20
teddition teen peeube seaking thet supBoTERddalitivia t GoBmOHYh iy ¢t liquid
The supported- pal | adi um conposition descri bed above
rraypUging onadl poigeuitable $edectivity enharsgrsatin anetherrarbadippeat, dhis
from about 200 C to about 850 OC for a period of from
additibn @a@ occur by incipient wetness impregnation of the supported-palladium

composition with liquid comprising one or more suitable selectivity enhancers. This
additional step may be optionally followed by again drying and/or calcining the
enhanced supported-palladium composition as described above to produce an
enhanced supported-palladium composition useful as a selective hydrogenation
catalyst.

In an embodiment, suitable selectivity enhancers include, but are not limited
to, Group 1B metals, Group 1B metal compounds, phosphorus, sulfur, phosphorus
compounds, sulfur compounds, alkaline metals, alkaline metal compounds, iodine,
iodide compounds, or combinations thereof In an embodiment, the selectivity

enhancer comprises silver (Ag), silver compounds, iodine, iodine compounds, or

Sui t abl e net hods for deter nParmg2aG06©27298
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to about 20 hours. In an alternate enbodi nent, one or
nore sel ectivity enhancers nay be added to the

weuppmnsae- pal | adi um conposition to produce anremhammed27298

support ed- pal | adi um conposition useful as a selective
hydr ogenati on catal yst. In one enbodi nent, this
addi tion can occur by soaklpg t he supported pal | adi um
conposition in a liquid conprising one or nore
suitabl e selectivity enhancers. In another enbodi nent,
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enhancer, alternatively fromabout 0.01 wei ght percent
t@te@g@(ﬂy Bomgebgpit 0-01 weight percent to about 2 weight percent silver. In a

further embodiment, the resulting enhanced supported-palladium composition may
comprise from about 0.001 weight percent to about 10 weight percent iodine,
alternatively from about 0.01 weight percent to about 5 weight percent iodine,
alternatively from about 0.01 weight percent to about 2 weight percent iodine.

In an embodiment, iodine may optionally be added to the enhanced supported-
palladium composition in addition to silver using a number of techniques, e.g.,
incipient wetness impregnation or soaking, and the support may again be dried and/or
calcined to produce an enhanced supported-palladium composition useful as a
selective hydrogenation catalyst. Iodine may be added simultaneously with the silver,
or sequentially before or after the silver. The concentration of iodine in the resulting

selective hydrogenation catalyst may range from about 1 ppm to about 1,000 ppm by



10

15

20

percent selectivity enhancer, alternatively from about
0. 01 wei ght percent to about 2 wei ght percent
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based on a total weight of the enhanced supported

pal | adi um conposition. In an alternative enbodi nent
the resulting enhanced supg?rted-palIadiun1conposition
may conprise from about O. wei ght percent to about
10 meight percent silver, alternatively from about
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the suitable iodine-containing materials include, but
are, indhe rigei of digmt @out 150°C to about 700°C, for a period of from about 0.2

to about 20 hours.

In some embodiments, the one or more selectivity enhancers can be distributed
throughout the enhanced supported-palladium composition using methods known to
those skilled in the art. In an embodiment, the supported-palladium composition
particles can be placed in an aqueous silver nitrate solution of a quantity greater than
that necessary to fill the pore volume of the particles. The resulting enhanced
supported-palladium composition may be dried and/or calcined to decompose the
silver-containing compounds before using the enhanced supported-palladium
composition as a catalyst in the selective hydrogenation process. In some

embodiments, this drying may be performed at a temperature in the range of from
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resulting selective hydrogenation catal yst can be
dried and/ or cal cined priorgto usi ng the sel ective
hydr ogenati on catal yst in t%e hydr ogenat i on process.
In some enbodi nents, this drying step can be carried
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conmpounds before usjng the enhanced ..

Pardi @%%ﬁ%&%%&@%%ﬁa RN Largyeine fgeds g the
sel ective h{drogenation process. In soge egbodinents
teRdsSTReR; ¢fghrisierie Juftogrden Bocesst BriseycsrthiF satplytiq mstas,
range of fromabout 25C to about 1500C for a period of
fthesghy Aidng fog opimyn sneratipy of Eigrsslective hxgRgeraBIGIPGFEn t3ich
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for example, about 25°C to about 450°C.

In an embodiment, a selective hydrogenation catalyst composition formed in
accordance with the method described abové comprises an a-alumina support treated
with a chlorine-containing compound, palladium, and optionally at least one
selectivity enhancer, e.g., silver and/or iodine.  Further, such a selective
hydrogenation catalyst may comprise a support having a surface area of from about 2
to about 100 square meters per gram (m%g); alternatively from about 2 to about 75
m?¥g, or from about 3 to about 50 m*/g,

In some embodiments, methods of using the previously described selective
hydrogenation catalysts, for example in a selective hydrogenation process, comprises

contacting an unsaturated hydrocarbon stream primarily containing an unsaturated

pot assPamiUS2006/027298
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about 0.2 to about 20 hours. Optionally, the drying or
calcining may be followed by a reduction step to

woedupaesithe netals (e.g., catalytic netals) inPCiaIS2006/027298

enhanced supported-pal |l adi um conposition. This
reduction step may be acconplished in a variety of
ways, all well known in thj art. One enbodi nent
conpri ses reducing the enh Rced support edpal | adi um
conposi tion using hydrogen gas or a hydrogen gas
ontai.ning feed, e.g.., .the f
SaoRrRn fy G lBRaPitghop s THRA Raukilf bydrocatbon
catal ytic al ereb rovi o [ [ 1
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silver and/or iodine. Further, .such §_se ective
lgetylense ety Bre R PIPRRdicePT cIRRIRLORS Be€fhpor t having a
surface area of from about 2 to about 100 sgggre "
met er Eigpeer! Sluafatesay gpbodigent pha hydregepatigndioasohet wilizes a
about 75 nR/g, or fromabout 3 to about 50 n?/g. In
solegive nhskiogenation, calysiomadofin uhe nyaise Jrabedudoye:  The
described sel ective hydrogenation catalysts, for
dwdivpénatipmpracese nsbides, Eefipe pb yesatrateshhyskosathen stream 10 and a
conprises contacting an unsaturated hydrocarbon stream
pryitrogen (He) sterralfitng hydrogenssion reerior B) ayiddmmbish, the s¢lective
et hyl ene, but also containing a highly unsaturated
Hydrogemtitroeatalest gs. dispmesst ylhe masatunitechisiesarben sagaps 10 primarily

conposi tions. The contacting may be executed in
comprises one or more unsaturated hydrocarbons, but it also contains one or more

highly unsaturated hydrocarbons such as for example and without limitation
acetylene, methylacetylene and propadiene. Alternatively, unsaturated hydrocarbon
stream 10 and hydrogen stream 20 may be combined in a single stream (not shown)
that is fed to hydrogenation reactor 30. Accordingly, unsaturated hydrocarbon stream
10 may comprise hydrocarbons, including one or more unsaturated hydro carbons such
as ethylene and one or more highly unsaturated hydrocarbons such as acetylene,
methylacetylene and propadiene.

In an embodiment, reactor 30 is a seiective hydrogenation reactor that may
belong to an acetylene removal unit of an unsaturated hydrocarbon production plant in

a backend configuration. As used herein, “backend” refers to the location of the
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woydrimesmbon to an unsat urated hydrocar bon.

t he presence of hydrogen at conditions effective to
sel ectively hydrogenate the highly unsaturated

enbodi ment, the selective hydrogenation catal ysts of
this disclosure are used in the hydrogenati on of
hi ghl y unsat urat ed hydrocarjgons such as for exanple
and without limtation acetyl ene, nethylacetyl ene,
propadi ene or conbi nations thereof Figure 1
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unsat ur at ed hédrocarbonsgﬁych a% acetxlene,
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reactor 30 is_a selective hydro en%Fion react or. that
nmay bl ahgmbelimgnta t3t0T 30 3 & f hydrogengfonyfractor that may
unsat urat ed hydrocarbon production plant_in a_backend
delong tpanaceglene maoyalat péapRnsaturated ydiggarbergiraductipryplpgdn
| ocati on of theacetylene renoval unit in an

un §antenda demtopapisei eertigsration o ddfc psednhaugint “Tonsgndr deprqpoizer”

refers to the location of the acetylene removal unit in an unsaturated hydrocarbon
production unit that receives the lower boiling fraction from a depropanizer
fractionation tower that receives a feed from an unsaturated hydrocarbon production
Process.

In an embodiment, reactor 30 is a selective hydrogenation reactor that may
belong to an acetylene removal unit of an unsaturated hydrocarbon production plant in
a raw gas configuration. As used herein, “raw gas” refers to the location of the
acetylene removal unit in an unsaturated hydrocarbon production unit that receives a
feed from an unsaturated hydrocarbon production process without any intervening

hydrocarbon fractionation.

| NPEM/US2006/027298
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the lower boiling fraction froma deet hani zer
fractionation tower that receives the higher boiling
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receives a feed froman unsaturated hydrocarbon
production process. In an enbodi nent, reactor 30 is a
sel ective hydrogenation reagtor that nmay belong to an
acetyl ene renoval unit of an unsaturated hydrocarbon
production plant in a frontend deet hani zer
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i nter % OFF‘g embodiments where e acetylene Temoval unit 1s in a

deethanizer, front-end depropanizer or raw gas configuration, the highly unsaturated

hydrocarbon being fed to the hydrogenation reactor 30 ‘comprises acetylene. In such
an embodiment, the mole ratio of the hydrogen to the acetylene being fed to the
hydrogenation reactor 30 may be in the range of from about 10 to about 3000,
alternatively from about 10 to about 2000, alternatively from about 10 to about 1500.
In those embodiments wherein the acetylene removal unit is in a front-end
depropanizer or raw gas configuration, the highly unsaturated hydrocarbon being fed
to the hydrogenation reactor 30 comprises methylacetylene. In such an embodiment,
the mole ratio of the hydrogen to the methylacetylene being fed to the hydrogenation
reactor 30 may be in the range of from about 3 to about 3000, alternatively from about

5 to about 2000, alternatively from about 10 to about 1500.
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woydrrogenat i on catal ysts di scl osed herein,

hydr ocarbon fractionation.lt is understood that
hydr ogenation reactor 30, and |ikew se the sel ective

limted to use in backend acetyl ene renoval units,
frontend deet hani zer units, frontend depropani zer, or
raw gas units and nay be u§gd in any process wherein a
hi ghly unsat urat ed hydrocarbons contai ned within an
unsat urat ed hydrocarbon streamis selectively

h d t , < s
D AU S L 1 e 1965 o

ackend conf i [ . I: nSAL &9 .
ﬁ?&?poaglg?rbogﬁa%%?%g)ﬁlbg%a?%{]t e[eH : yd%{lznsjtfzjlenatdlJlli n react (1))?111%6&1
oppri ses acetvlene, T [ r
FrER R EBem NG ars AT BB b alng M sk in biansg.
may be ip.the.range of fr
A R 8
from about, 0.5 taq _about ln t '
here 3 e e ERC PaRb ool SERRELTY BoM avgp o
deet hani zer, .front-end rgpapjzer or raw gas
8%%??@ﬁ%QW?%ﬁWd¥HQHH$8WH§Q%%§3FEﬁ§ted hydr ocar bon
being_fed to the, hydrogenati on reactor 30..conprises
acet yneAhathey ¢ n&ﬁe%% %i%ﬁf’?xes(eﬂtea P#B]ia&gyr (?ir%)rf?f%%f' The
the hydrogen to the acetyl ene ing fed to th
BT S RO ARSI SeaIs8 O A RS 1P AFERVe et rapeed
about 10 to about 3000, alternatively froma gyt 10 t?
A e reation, The plaraliat 9ieaciors payPREaLY hpseparater by Tegp fo
In those enbodi ments wherein the acetyl ene rengyaL
gentrol jilet; #daefflyesh flown droan pragigmriT A8at Tsroyal fugpns allowing for
configuration, the highly unsaturated hydrocarbon
praslivignal o altgmativelyrerevs REFaIcan WibEcthe PIEYItE Gipsackes to be
met hyl acetyl ene. In such an enbodi nent, the nole ratio
afgendratety dhe gelective hydresenation paidlest yrarhe Bungyl meysyitable
t he hydrogenati on

configuration within hydrogenation reactor 30, such as a fixed catalyst bed.

Carbon monoxide may also be fed to reactor 30 via a separate stream (not
shown), or it may be combined with hydrogen stream 20. In an embodiment, the
amount of carbon monoxide being fed to reactor 30 during the hydrogenation process
is less than about 0.15 mo1% based on the total moles of fluid being fed to reactor 30.

Hydrogenation reactor 30 may be operated at conditions effective to
selectively hydrogenate highly unsaturated hydrocarbons to one or more unsaturated
hydrocarbons upon contacting the selective hydrogenation catalyst in the presence of
the hydrogen. The conditions are desirably effective to maximize hydrogenation of

highly unsaturated hydrocarbons to unsaturated hydrocarbons and to minimize

hydrogenation of highly unsaturated hydrocarbons to saturated hydrocarbons. In

i S ROT/US2006/027298
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reactor 30 may be in the range of fromabout 3 to
about 3000, alternatively fromabout 5 to about 2000,

waho@rnstevel y from about 10 to about 1500. 1 n PODAS2006/027298

enbodi nents wherein the acetylene renoval unit is in a
front-end depropani zer or raw gas configuration, the

hi ghl y unsat urat ed hydrocarhon being fed to the

hydr ogenati on reactor 30 c&ﬁprises propadi ene. I n such
an enbodi nent, the nole ratio of the hydrogen to the

r opadi.ene In t ] ctor
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separated by a means to control inlet and efflu o
BB ST T AR S0 Gy SHESREVP isUA PG A 5 PR A" FoP
i ndi vidual or alternatively groups of reactors within
tiven phout 467G Yo about @8 Cor B Jomepembasipagits; dhcopressyrpewithin the
sel ective hydrogenati on catal yst may be arranged in
amgrogenatiabtame qoayf beginrthe jaoge off frdrh abdw dp G3inidta) dmabout 2,000
reactor 30, such as a fixed catal yst bed. Carbon

[{tA)200i ki) payndalpsosdoerefindh gange Gaig).oxlte@Btivala framsabpualr F esig
stream (not shown), or it may be conbined with

iy irgRto abbutelai002Rig (10M4drkPe)ybofiomebeut 10hpsig(v80 kiPa)dé about
carbon nonoxi de being fed to reactor 30 during the

hyodo pgig i@ pd@kPapr ocess i s | ess than about 0.15 nol %
based on the total noles of fluid being fed to reactor
30. Hpefepgpnedckan Figae t1oran 3dilwaay steano percatmpdsiag unsaturated
conditions effective to selectively hydrogenate highly
IREREMDEHs £ thedzOmardae s rhere GdoOk kD@ diurd ah Utydtogenation
hydr ocar bons upon contacting the sel ective

hyRfR N ahd QRy Gabalvrdd teacthii® eRit @58REEnatibn reactor 30. In an

embodiment, effluent stream 40 primarily comprises ethylene and contains less than
about 5 ppm, desirably less than about 1 ppm of highly unsaturated hydrocarbons.

The selective hydrogenation catalyst contained in hydrogenation reactor 30
may be regenerated as needed. In some embodiments, regeneration of the selective
hydrogenation catalyst may be accomplished by optionally stream stripping the
selective hydrogenation catalyst then calcining the catalyst in the presence of a gas
comprising oxygen at a temperature not in excess of about 500°C to burn off any

organic matter, polymer, or char.
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the hydrogen. The conditions are desirably effective
to maxi m ze hydrogenati on of highly unsaturated

woydrimasmbons t o unsat urated hydrocarbons and POT/US2006/027298

m ni m ze hydrogenation of highly unsaturated

hydr ocar bons to saturated hydrocarbons. |nsone

enbodi nents, acetyl ene may je sel ectively hydrogenat ed
to ethylene. Alternatively ‘methyl acetyl ene nay be

sel ectively hydrogenated to ethylene; alternatively
propadi ene may be sel ecighvaprRydr ogenated to

propyl ene, In sone enbodinents the tenperature within

the hydr qgea éﬁaéﬁngﬁllﬂf Nges¥Bed] a?lr {2 f&jo“fn{ﬁ) r%%)&e

about 5Cto a out 3 ternatively from abo

eg?%@hﬁfén% %Eo%ﬁﬁlenﬁrt ﬁrtﬁgn AU Lk gé?no"i'lptgdfés O Cxctidd and

ment s e pressure wt
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HSRPERPE" Sder ésﬁgt’%d?lﬁ%ﬁ%awﬁégvﬁﬁ Siche construed as
S regzmt ﬁgnpgbgﬁi' 5” ppm " desi rabl y
i o R G310 Wit R8BI b YR n%%tr? R e papapt peective

contained in_h dro enatlo act 30 may be
M@@ﬁ@@%@é@@éﬁy HEBlratS P eds felBsaT ment s,

regeneratlon of the selective hydrogenation_ catalyst ..
may beVaskommseR Il ﬁ(&ﬁl@beat@ﬁ%me;gh&rﬂ@% C@Wﬁb}ﬂ@ﬁé‘)@ﬁéﬂ

sel ective hydrogenation catalyst then calcining the
catal9§@W$ﬂwﬁﬁ@%ﬁﬁé§éﬁﬁﬁno 0a” gas

Further, the selectivity (sel.) to ethylene was also calculated using the following set of
equations, where “C,” represents butane, butenes and butadiene and where ‘“heavies”
refer to hydrocarbons having more carbon atoms than Cy:
selectivity to ethane = (weight of ethane made/weight of acetylene consumed)*100
selectivity to C4’s = (weight of C4’s made/weight of acetylene consumed)*100
selectivity to heavies = (weight of heavies made/weight of acetylene consumed)*100
selectivity to ethylene = 100 — sel. to ethane — sel. to C4’s — sel. to heavies
The fouling rate was determined by plotting reaction temperature, while
maintaining the acetylene conversion at 90%, as a function of time for each sample and

then taking the slope of that line. A selectivity comparison was also made by plotting
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conprising oxygen at a tenperature not in excess of
about 5000C to burn off any organic matter, polyner,

wonowas4EXAMPLES The inventi on havi ng been gereraiskon6/027298

descri bed, the follow ng exanple exenplifies

enbodi nents of the invention and denonstrates the
practi ce and advant ages thgeteof It is understood that
t hese exanples are given by way of . illustration and
are not intended to limt the specification or the

ﬁl%lplezlgé’ﬁvﬂ 18 Ltﬁw]ﬁge d oA AR S5 verdbR YO GireRn VBiHE for 36

ap n nunerl ranges are given, It

SR O Y on B RO TR TR e o e
AR e BACRURL f S Mo BT Py SBRP T e NRTR e
PGS SRl o B B R B RO ) PR TRAR o7

or contigtt S1oppE R EC LA PR AT HE N ENnclhenic
Sitebeyie 1o it Eal o, 1B, HhpAes pct e
Gregaieaoney merercre RSB Gl WPk
RyaHI GBI, S eRaD T Al & dibon XSmO EREe s O was

selectivity to ethane = (wei ght of ethane elwei ght .
Pl e HenoEmETn BT WeL AT g § B oS s
(wei ght of C4's made/ wei ght of acepylene consuned) *100
seliwge pagkedp. A RGP RIONSATE HEEIGRRIEE e heayi es

made/ wei ght of acetyl ene_consuned)* 100 selectivity to
et hyl ene = 100 - sel. t& el - sel. to c4's - sel.

to heavies . ) . .
The following example illustrates the preparation of various palladium-

containing selective hydrogenation catalyst samples, and the use of the samples in a
selective hydrogenation process.

Catalyst A (control) was prepared on a-ALO; pellets supplied by Siid Chemie
of Louisville, Kentucky, USA in the form of 4mm x 4mm tablets as described in U.S.
Pat. No. 4,484,015. The a-ALOs pellets had a surface area of about 5 to about 7 m*/g
(determined by the BET method employing N,). Catalyst A contamed 0.02 weight
percent palladium and 0.12 weight percent sitver and 99 weight percent ALOs.

Catalyst B was prepared as follows: an aqueous solution of about 1.13g NH,C1
in about 16g distilled water was added to about 50g of a-AL O3 pellets (4mm x 4mm,

surface area of about 5 to about 7 m?/g, provided by Siid Chemie of Louisville,



The fouling rate was determ ned by plotting reaction
tenperature, while maintaining the acetyl ene

woanvansi4on at 90% as a function of tine for eaths2006/027298
sanpl e and then taking the slope of that line. A
selectivity conparison was al so made by plottingthe
selectivity to ethylene at gO@baceterne conversion as
a function of tinme for eacﬁ sanpl e and t hen
integrating the curve fromO to 200 hours. Table 1,
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Shas A UL i e B 2 ST e b
concentrations are semguantitative. EXAVPLE 1 The. .
fwifice i aagofoshenp Petoj FopisT At Previded depid Shegis off Louisville,
vari ous pal | adi untont ai ni ng sel ective hydrogenati on
Kentarlys US4 fadlowed by diinglabaliggiel 267C for @bavh ihpws Tihp sypport was
sel ective hydrogenation process. Catalyst A (controh%
veen cpicimpd pleaboshSH° Al forggbowed havrssingyifp pTheasyppayt W thgipipsded
of Louisville, Kentucky, USA in the formof 4mm x 4nm
10 trefiohtedty with boding dishBel waterymg] thpatash sqdution g2 wegtivephlorine
(X-Al 238 pellets had a surface area of about 5 to
- atsowtith Anrabig 10\ teNOxi sobutionhy ThésubBENerstproet wippdrivgiah gbout
N2) . Catalyst A contained 0.02 wei ght percent
AabiCafli shouhbow ad@calweglat aboetr B8HE fog pbored hewnsl Fext kduly B2

percent Al 2C8.
weight percent palladium (Pd) and about 0.12 weight percent silver (Ag) were added as

described in U.S. Pat. No. 4,484,015.

15 Reactor runs with each of the above catalysts, A through C, were made under
laboratory test conditions. Laboratory test conditions are performed in the following
manner: about 20 mL of catalyst was mixed with about 40 mL of 14 grit alundum and
placed in a stainless steel jacketed reactor tube having an inner diameter of about 0.62
inch (15.7 mm) and a length of about 18 inches (457 mm). The reactor had a 3/16”

20  thermowell running the length of the catalyst bed in the center of the reactor. The
catalyst bed resided in the middle of the reactor and both ends of the reactor were
packed with about 40 mL of alundum. The reaction temperature was controlled by

circulating ethylene glycol through the jacket of the reactor tube. The catalyst was then
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Catal yst B was prepared as follows: an aqueous
sol ution of about 1.13g NH4CQ in about 16g distilled

4mm surface area of about 5 to about 7 nR/g, provided
by Slid Chem e of Louisville, Kentucky, USA) foll owed
by drying at about 125C for,,about 1 hour. The support
was then cal ci ned at about2g38C for about three hours
in air. Next about 0.02 weight percent palladi um and

SAEH oS BB t  HoEn EB cze
55&§g5ﬁ%?§nhmg%%% an aqueous sol ution of about

n about 92 g distilled water was added to
about ,.3259 of .a-
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(Ag) were added as descr.i bed i
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catal ysts, A through C, were made under | aboygator

test dalelilt pelaw, compay Rewngntdaky TegaIdIgt fhgnRer pgamcd of the
performed in the foll ow ng manner: about 20 nL of
cateliptyst thigsh G deseribgil ebpvabout 40 nL of 14 grit al undum
and placed in a stainless steel jacketed reactor tube
havi ng an inner dianeter T8bledbout 0.62 inch (15.7 m)

woat@risas added to about 50g of a- Al 20 pel | et BCTAIS®00%/027298

and a length of about 18 inches (457 nmm . The reactor

had a |3/ 16" Selectivity | Selectivity wt%

Invention | Catalyst Composition Cl source | Foulrate | to ethylene Area green oil

or control wt % °F/h |@200h @ 200 h g/g/day
Control A 0.02Pd, 0.12 Ag none 0.17 25 6970 0.65

Invention B 0.02 P4, 0.12 Ag NH,C1 0.07 66 12,230 0.28

Invention C 0.02 Pd, 0.12 Ag KC1 0.14 46 10,880 0.40

As indicated by the data in Table 1, contacting an inorganic catalyst support
with a chlorine-containing compound increases the selectivity to ethylene among
selective hydrogenation catalysts comprising palladium.  Catalysts B and C, each
modified by contacting with either NH,C1 or KCI, both demonstrate significantly higher
selectivities to ethylene compared to control catalyst A. In addition, the foul rate for
catalysts B and C is lower than that of the control catalyst. In addition, green oil

production is reduced.
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thermowel | running the length of the catalyst bed in
the center of the reactor. The catal yst bed resided in

woha7isidbe of the reactor and both ends of theCTased6/027298

wer e packed with about 40 niL of alundum The reaction
tenperature was controlled by circul ating ethyl ene

gl ycol through the jacket ofgthe reactor tube. The
catal yst was thenactivated with hydrogen at a fl ow
rate of about 200 ni/rnin at atnospheric pressure at
17Q0F (77C) for two houmBXANMEKE?2 the catal yst was
contacted with a feed gas conprising approximtely 13

vei ghtFigued T Rkt irblauve foud durSeit idedites Fakretiit pet st CFhour)
1.2 weight percent acetylene, at a flow rate of about

9883 ofid-Lehiktid] Ableetie Utydrigbhalisn Gath<48R, kikBlwo [hielly Q8 Sreps in

added to give an about 1.3 nolar ratio of hydrogen to
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anal yses were perfornmed by gas chromatography using an

%%g% tBdratfRl SUEP ﬁn@eﬂoﬁ ﬁtrbéétotr 168 mMRE Svithodhe oAtk Cailyst A.

wei ght basis. Table I, below, contains pertinent data

r h
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catalyst comprising palladiuny/silver supported on a chlorided catalyst support produced
using potassium chloride as the chlorine-containing compound. The fouling rate related
to line 200 is about 0.17 degrees Fahrenheit per hour. The fouling rate indicated by line
210 is about 0.07 degrees Fahrenheit per hour, and the fouling rate indicated by line 220
is about 0.14 degrees Fahrenheit per hour. Thus, the fouling rate demonstrated by the
selective hydrogenation catalysts comprising inorganic catalyst supports modified by
chlorine-containing compounds (line 210 and 220) are reduced relative to the control
catalyst. The lower fouling rates related by line 210 and 220 are also associated with a
reduction in green oil generation when compared to the control catalyst (200). The
fouling rate for a selective hydrogenation catalyst as described herein may be, for

example, at least about 25 percent less, at least about 50 percent less, or at least about
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wORNTousH2f or one contro

production is reduced. EXAMPLE 2 Figure 2 illustrates
relative foul curves in degrees Fahrenheit per hour

catalyst A, and two catal ysts prepared in accordance
with the nethods described herein for use in an

ot herwi se typical hydrogenaig on process (sel ective
hydrogenati on catal ysts B and C). Line 200 tracks
reactor tenperature over tinme for a reactor run nmade
Vit ferdehtelessothbnr @l folaizakiesdf the sfoat edtalmt wheh 0B cGRlceatiimea’
hydr ogenati on catal yst conprising pall adi unfsilver
shjopine-taahirtig EnpdlZOrEludp@ider cohtrdl @oilthnk.r acks react or
tenperature over tine for a reactor run nade using
Catalyst B, which is a #isgrimve hydrogenation

catal yst conprising palladiunfsilver supported on a

chl or Fetetle Sedcale/BiidrspdiMtion batiliseruha@ehctés hihe daTARA i Bkample
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supported on a chlorided catal yst support produced
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%gtﬂggperatlon when conpared to the control catalyst
The

As aresult of improvements in fouling rate, green oil production, and selectivity
to unsaturated hydrocarbons, the life of the selective hydrogenation catalyst is extended
such that the catalyst requires regeneration less often, resulting in lower operating costs
of the hydrogenation process.

EXAMPLE 4

The following example illustrates the application of the catalyst in a front-end
depropanizer reactor process. Hydrogenation runs were made with 20 cc of the
previously described catalysts. The catalysts were placed in a stainless steel reactor
tube having a 0.62 inch inner diameter and a length of about 18 inches. The catalyst

resided in the middle of the reactor, and both ends of the reactor were packed with 10

sel ecti ve hydr ogenat POT/US2006/027298
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fouling rate for a selective hydrogenation catal yst as
descri bed herein may be, for exanple, at |east about

wasopgansant | ess, at | east about 50 percent | eBeT/USR006H27298

| east about 80 percent |less than a fouling rate of the
sanme catal yst when not contacted with a "

chl ori ne-cont ai ni ng conpou and run under contro
condi tions. EXAMPLE 3 For the sel ective hydrogenation
catal ysts and reactor rinms described in Exanple 2,
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|n Iomer operating costs of the hydrogenation praqcess
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apgplcatlon of the catal st inafront-e
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made with 20 cc of the
allowed to occur. The reactor was then allowed to cool to room temperature before data

collection was started.

Feed at 900mL/min and 200 psig was passed over the catalyst while holding the
temperature constant before sampling the exit stream by gas chromatography. The
catalyst temperature was determined by inserting a thermocouple into the thermowell
and varying its position until the highest temperature was observed. The furnace was
then raised a few degrees, and the testing cycle was repeated until 3 weight % of ethane
was produced.

A sample of catalyst B was tested using the above protocol as well as a control
sample (catalyst A), the results are presented in Table 2. The results indicate that

catalyst B has a higher MAPD conversion and a higher ethylene selectivity than the
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previously described catal ysts. The catal ysts were
pl aced in a stainless steel reactor tube having a 0.62

wonadr/oismaer di aneter and a | ength of about 18 PaTHE2006/027298

The catal yst resided in the mddle of the reactor, and
both ends of the reactor were packed with 10nL of

al undum The catal yst was rgduced at about 1000F f or
about 1 hour under hydrogen gas flowing at 200 ni/rnin
and at 200 pounds per square inch gauge (psig). A feed
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ere numerica ranges or 1 tations are expressly stat uch express ranges or

limitations should be understood to include iterative ranges or limitations of like
magnitude falling within the expressly stated ranges or limitations (e.g., from about 1
to about 10 includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 0.13, etc.).
Use of the term "optionally" with respect to any element of a claim is intended to mean
that the subject element is required, or alternatively, is not required. Both alternatives
are intended to be within the scope of the claim. Use of broader terms such as
comprises, includes, having, etc. should be understood to provide support for narrower
terms such as consisting of, consisting essentially of, comprised substantially of, etc.
Accordingly, the scope of protection is not limited by the description set out

above but is only limited by the claims which follow, that scope including all



A sanple of catalyst B was tested using the above

protocol as well as a control sanple (catalyst A), the
woeswridis4are presented in Table 2. The resul t sPCHAiSe@®5027298

that catal yst B has a hi gher MAPD conversion and a

hi gher ethyl ene selectivity than thecontrol catalyst

at the sane reaction tenpergture. Furthernore catal yst

B has a simlar to higher 2 etyl ene conversion at the

same tenperatures Tabl e 2 Wil e enbodi nents of the
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limtations (e.g., fromabout 1 to about 10 incl udes,
2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12,
0.13, etc.). Use of the term"optionally" with respect
to any elenment of a claimis intended to nean that the
subject elenment is required, or alternatively, is not
required. Both alternatives are intended to be within
the scope of the claim Use of broader terns such as
conprises, includes, having, etc. should be understood
to provide support for narrower terns such as
consisting of, consisting essentially of, conprised
substantially of, etc. Accordingly, the scope of
protection is not limted by the description set out
above but is only limted by the clains which foll ow,
that scope including allequival ents of the subject
matter of the clains. Each and every claimis
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into the specification as an enbodi nent of the present
i nvention. Thus, the clains are a further description

wand7agz4an addition to the enbodi nents of therPpTAS26/027298

i nvention. The disclosures of all patents, patent
appl i cations, and publications cited herein are hereby
i ncor porated by reference, go the extent that they
provi de exenpl ary, procedu? | or other details

suppl enentary to those set forth herein.CLAIMG 1. A

gﬁhﬁgﬂ%of produci ng a sel ective hydrogenati on catal yst
ing: (a) contacting an inorganic catal yst
support with _a chl.orine-contai ning co forma
Zht o iEthodat BT SBSE ATET BT SUAT S R U
to the chlorided catal yst s rt tg form : o
suppor faidrfﬁpqa%fﬂglﬁﬂ USHRIBYS; ¢ a&%{) S'ﬁ’.po"%h‘@l t%éocfngfcogﬁaglln}%
1, wherein the chl grine-containi.ng conpound conpri ses
hydr ochl orsoEPg@ddo ?Oé’f’ilaaﬂh 2\ F‘ﬁ@‘tar]ﬁé“?%"rppﬁ 1B de, an

al kaline earth chloride, chlorohydrocarbagns, or

conbi i1 GadinE REREBRn  therphPTRES RV FapP iP9rfoPR & RRosteft
the chl orine-containi ng conpound conprises a conpound
descri bed msjladitya ceERitodE N(H RWR xR' yR " z)d; where
R R, R', and R" is nmethyl, ethyl, propyl, butyl, or
any cSbingthed ofclaitnel, adereiy ec@a@#-@mtay}m&fowouvg COIRIRR
be O to 4 provided that v+wx+y+z = 4. 4. The nethod,
dfdrothdénin lacidvhen edlialinhe mstdl ochleridspnemi #kaling eap othieyide,
conprises a conpound descri bed by the fornmul a CC xHy,
whierohiydrozarbony, or cdmbiBatiofihtherpef hod of claim 1, wherein

the chlorine-containing conpound conprises a conpound
descr Thentethyd bheaifrot, mHeseirCbElcklbkine-qmétiwhgcompeuyd eorgprises

a compound described by the formula N(HRR’R’*JR*”?,)CL;, where R, R’, R”, and
R’” is methyl, ethyl, propyl, butyl, or any combination thereof; and each of v, w, X, y,
z can be 0 to 4 provided that vtwixty+z = 4.

4. The method of claim 1, wherein the chlorine-containing compound comprises
a compound described by the formula CClLHy, wherein x +y = 4.

5. The method of claim 1, wherein the chlorine-containing compound comprises
a compound described by the formula CoClHy, wherein x +y = 6.

6. The method of claim 1, wherein the chlorine containing compound comprises
potassium chloride, sodium chloride, lithium chloride, calcium chloride, barium
chloride, ammonium chloride, methyl ammonium chloride, tetramethylammonium
chloride, tetraethylammonium chloride, carbon tetrachloride, trichloroethane, or

combinations thereof,
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6. The nethod of claim1, wherein the chlorine
cont ai ni ng conpound conpri ses potassi um chl ori de,

woeadivnsmhl ori de, |lithiumchloride, calcium chPoriud®06/027298

bari um chl ori de, ammoni um chl ori de, nethyl anmoni um
chl ori de, tetramethyl ammoni um chl ori de,

t et raet hyl ammoni um chl ori dey, carbon tetrachl ori de,
trichloro ethane, or conbinations thereof?7. The nethod
of claim1, further conprising cleaning the chlorided

cat al ¢ nfdRROGH clhith PY RAHGEcopekBA %NS "thd eflofddaadaYstist
support having fromabout 5 to about 2000 ppm by

e D SR Y ool T Dol RS o G
OxBapbardahy fuypel o1 peroent pel o um besed, on o
b, SThEShCRITEE DR 1 051G MABROLEFHERBLLRH il
SAPRRBS Dl 18 8 TORGTERD, Sl M o
SR fle,*unport e,eal | adkun commostt o €0

ereip th el ect.i vjt nhancer. ¢ ri ses a conpoynd
T ot By i b bt B SREng QR R AL g
G oup.lLB netal conpounds, phosphorus,. sul fu
S Bt O B SRS B AR ot CEBMR i ni ng
conpounds, al kaline npetals, alkaline petal-containing,
éﬁnpoﬁﬁageeﬂm \),He?l?msh {Petherc eI e GRS S Jeastigue selectivity
i odi ne, i odide-containing conpounds, and combi nations
toRlAnegst togthe sypRoTlREPHBANET cmRositon 60 b A icAhanpRs supported-
enhanced supported-pal | adi um conposi ti on conpri ses

W Feresien: Wisrebdhe selectivily ghansel eigprises a compound

selectivitg o
selected from the group consisting of Group 1B metals, Group 1B metal compounds,

phosphorus, sulfur, phosphorus-containing compounds, sulfur-containing compounds,
alkaline metals, alkaline metal-containing compounds, silver, silver-containing
compounds, iodine, iodide-containing compounds, and combinations thereof.

11.  The method of claim 10, wherein the enhanced supported-palladium
composition comprises from about 0.001 to about 10 weight percent selectivity
enhancer based on a total weight of the catalyst.

12. The method of claim 10, further comprising drying the enhanced supported-
palladium composition, calcining the enhanced supported-palladium composition, or
both.

13.  The method of claim 1, further comprising reducing the supported-palladium

composition.
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wenharesd2 support edpal | adi um conposi ti on,

enhancer based on a total weight of the catalyst. 12.
The method of claim 10, further conprising drying the

enhanced supported-pal | adi um conmposition, or both. 13.
The method of claim1, further conprising reducing the
support ed- pal | adi um conposizti on. 14. A met hod of

sel ectively hydrogenating a highly unsaturated
hydr ocarbon to an unsaturated hydrocarbon conpri sing:

¢QNt ag bieh q'WREELcHDNY Lo AR 168N isaRRFed BRIrdbaBEA Yo an
unsat ur ated hydrocarbon with a sel ective hydrogenation

%ﬁsﬁ%@f&f Wﬁaﬂﬁh gblglprlﬁiﬁ AuREdind Yinld %yﬁl%tg%@io? fofdi®ndthe

5. ThHe netho aim 14, "wherein a fouling rate
s AU PR3kl o o
BUSPRSIRAASIY, P2 o2 porehloriced
16 TR Pl IBEHR LS LA s
SN 5l 5, 2 BB 0 e, PETRL AL oS0 L
S P OB SRR SRR PO
TRy TR ST S o s e
o e Ot DR eSS AR Reledt
17. A selective hydrogenation catalyst comprising:

(a) achlorided inorganic catalyst support containing from about 5 to about
2000 ppm by weight of chlorine; |
(b) about 0.01 to about 1.0 weight percent palladium based on a total
weight of the catalyst; and
(c) about 0.01 to about 10 weight percent silver based on a total weight of
the catalyst.
18.  The catalyst of claim 17, wherein the chlorided inorganic catalyst support
comprises from about 10 to about 1200 ppm by weight of chlorine based on a total
weight of the catalyst, wherein the catalyst comprises from about 0.01 to about 0.8
weight percent palladium based on a total weight of the catalyst, and wherein the

catalyst comprises from about 0.01 to about 5 weight percent silver based on a total

weight of the catalyst.

cal cpaTng2106827298
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18. The catalyst of claim 17, wherein the chlorided
i norgani ¢ catal yst support conprises fromabout 10 to

wahort013200 ppm by wei ght of chl orine based onraTtst@b/027298

wei ght of the catal yst, wherein the catal yst conprises
fromabout 0.01 to about 0.8 weight percent pall adi um
based on a total weight of %he catal yst, and wherein
the catal yst conprises fro@nabout 0.01 to about 5

wei ght percent silver based on a total weight of the

gé tal "}‘I%e cﬁiéa?yst Z)I'p c%alﬁlaﬁahﬁ‘tigr c%t‘r:[pﬁ 1{3}% gﬁelgr’mgrg Eélmht enhtanccfls

nhancers se

(Bt %ﬁﬁgr‘éﬁ%f‘ S%fstﬂ%osghigaﬂgnﬁ%da@ ]
SRR %ﬂ%%n%spﬁ?rgs e T—
RS eew %S@érﬁgﬁdgza%@g@wgémg LS,
o eSchtftga o0 A R0, LIk BTSSR

cat al yst
comprises from about 0.001 to about 10 welght percent selectivity enhancer based on

a total weight of the catalyst.



