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FIELD OF THE INVENTION



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 [0005] Unsaturated
hydrocarbons such as ethylene and propylene are often employed as
feedstocks in preparing value added chemicals and polymers. Unsaturated
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hydrocarbons including hydrocarbons derived from coal, hydrocarbons )
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adversely affect production of subsequent chemicals and polymers. Thus, to form an
unsaturated hydrocarbon product such as a polymer grade monoolefin, the amount of acetylenes
and diolefins in the monoolefin stream is typically reduced. For example, in polymer grade
ethylene, acetylene content typically is less than about 2 ppm, alternatively, less than about 1
ppm.

[0006] One technique commonly used to reduce the amount of acetylenes and diolefins in
an unsaturated hydrocarbon stream primarily comprising monoolefins involves selectively
hydrogenating the acetylenes and diolefins to monoolefins. This process is selective in that
hydrogenation of the monoolefin and the highly unsaturated hydrocarbons to saturated
hydrocarbons is minimized. For example, the hydrogenation of ethylene or acetylene to ethane

1S minimized.



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 o
[000%) drogditatistebatalySideganalinnthBeatdlysPREOME S I0WER abhRtysEngomprising
selectivity to unsaturated hydrocarbons. Green oil production is particularly
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catalyst in such backend reactors requires regular regeneration, and with
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Therefore, a need exists for a selective hydrogenation catalyst that
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hydrogenation of acetylenes and_diolefins. SUMMARY OF THE INVENTION .
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SUMMARY OF THE INVENTION
[0008] In an embodiment, disclosed is a method for producing a selective hydrogenation
catalyst for hydrogenating a highly unsaturated hydrocarbon to an unsaturated hydrocarbon
comprising contacting an inorganic catalyst support with a chlorine-containing compound to
form a chlorided catalyst support (step (a)) and adding palladium to the chlorided catalyst
support to form a supported-palladium composition which is a selective hydrogenation catalyst
composition. The method may further comprise removing from the chlorided catalyst support
an amount of chlorine-containing compound, 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.



Group IB metals, Group IB 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
[0004 a1y St 0B EBIO HRBhITREL SRR RS SLMRTh QY C8TtfsHYE cnhancer to the
compound selected from the group consisting of hydrochloric acid, an L
S“PPQHQ%CEP@W@{HPCﬁfHHB‘é%“é‘PPaFF?alfﬁ%éﬁh THIBREY, arRPUtBRATHE tTepsessition,
Alternatively, the chlorine-containing compound may comprise a compound .
whereietie 4F5HY the GRIIEESREIBENES Gt PRIt elTdrd & uB dhsrs b faesisting of
lithium chloride, and combinations thereof. Alternatively, the
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group consisting of calcium chloride, barium chloride, .and combinations
S“1f‘{h8?é‘8%?‘l{}?érr?égﬂ}8?9,lfﬁéa%l6‘#ﬁ]énédﬁﬁ% iRy R gy plidesmBegnds. and
by the formula N(H'RR'XR"yR"'z)Cl; where R, R', R", and R" is methyl, ethyl,
compinatiang theieeh or ity COMSHLIBRPATSSEALLART (PRPYSILLMRY GqEiRrise from
provided v+w+x+y+z = 4. Alternatively, the chlorine-containing compound
aboyt, 8 00L i ARRYS EB SR PERIthatl SO BhanBRBERS E8tRdstig dPSffﬁ?%‘Bﬁ’iﬁ Al the
chloride, methyl ammonium chloride, tetramethylammonium chloride,
catalys s ethylammonium chloride, and combinations thereof. Alternatively, the
hlorine- containing compound may comprise a compound described by the
(0018 1R CHIGIATHRBIAIMNIE PR UNA YA HIORI e cHIBIME KL ATy from the
compound may comprise carpon tetrachloride. Alternatively, the )
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4 formula C2C1xHy; wherein x +y = 6. Alternatively, the chlorine-containing .
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catalyst may comprise from about 0.01 to about 1.0 weight percent. . s
comB%% ﬁj:r{;c}s%ggangnt t%'igmv(é(?&ﬁ]tsg?%h%f @ﬂ&@&m chloride, so?hum chloride, lithium

chloride, and combinations thereof. ~Alternatively, the chlorine-containing compound may
comprise a compound selected from the group consisting of calcium chloride, barium chloride,
and combinations thereof. Alternatively, the chlorine-containing compound may be described
by the formula N(H,R\R’,R*’(\R’”,)Cl; where R, R’, R”, and R’” is methyl, ethyl, propyl, or
butyl or any combination thereof; and v, w, X, y, z can be 0 to 4 provided v+w+x+y+z = 4.
Alternatively, the chlorine-containing compound may comprise a compound selected from the
group consisting of ammonium chloride, methyl ammonium chloride, tetramethylammonium
chloride, tetraethylammonium chloride, and combinations thereof. Alternatively, the chlorine-
containing compound may comprise a compound described by the formula CCIHy; 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



[0011] 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-containing compound to form a chlorided
catalyst support and adding palladium to the chlorided catalyst support to
fomf&ﬂwa&kﬁbpm%@&anaﬁmm ConmplieimiyivGHichsschl SERScaR N D GemRIYAd may
catalyst composition. [0012] In an embodiment, disclosed is a method of
comBERe B IRGHIASenHEM G HIYRIDY HRSSRAIRB SHIO carh sRRPE#f from about 0.01
unsaturated hydrocarbon comprising contacting the highly unsaturated
to abuy FoQéYﬁ@Ht\BﬁW%{l%B?é‘éﬂ%}%%@%’g@h%ttﬁ’}ﬁlé"éﬁé%i}%f’ﬁgﬁﬁ%t%lﬁéh produced by
contacting an inorganic catalyst support with a chlorine-containing compound
(001 fornnadi AiBPrAE ek S5pd R sHerduaing Rgraaion @ the dardkgecnating
catalyst support to form a supported-palladium composition. A fouling rate of
2 highlys SRV RY RSB citaffPs i BE Gt TYdEAcaHRAM S8 Percdnt jbss method
than a fouling rate of the same catalyst when not supported on a chlorided
compHELpS EABILHE ARIECRRARMS SRS BRI SAL Pt iRe £uAYagisRspRound to
disclosed is a catalyst for selectively hydrogenating a highly unsaturated
formyg, ghlpridpd Ry traat AR addins PEEnBrSHe L Chated tHBPgEHR form
catalyst support, palladium, and silver. The catalyst may comprjse from about
a supRP TS LBRIAL S 6O RREFHARR &Y FFoth iS5 28 1&8358%%66 Eﬁgﬁl»‘/ By BRI
hlorine; from about 0.01 to about 1.0, alternatively from about 0.01 tq about
[001§]8 we%tﬂ“p&%'%‘?ﬂ%’ﬁﬂ&dﬂm%sﬁiﬁ én'd WetletY ihe RUtEpERagRg @yhiehly
from abou 0.0lgto about 10, alternatively from about 0.01 to about 5 weight
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one or mare sele tivit\y engéncers selected from the group
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chlofrj}gc(:)&J tcatalyst support and adding palladium to the chlorided catalyst support to form a
supported-palladium composition. A fouling rate of the selective hydrogenation catalyst may
be at least about 25 percent less than a fouling rate of the same catalyst when not supported on a
chlorided catalyst support under hydrogenation conditions.

[0013] In an embodiment, disclosed is a catalyst for selectively hydrogenating a highly
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



0.001 to about 10 weight percent selectivity enhancer based on a total weight
of the catalyst. The chlorided inorganic catalyst support may have a surface
area of from about 2 to about 100 m2/g. DESCRIPTION OF THE
DRAWINGS [0014] The invention, together with further advantages thereof,
may best be understood by reference to the following description taken in
ComBERBh AREHIIRER SHECHXES ARG WARRTEIR Rihioupeas]stigyrd ipdine, iodide
depicts a process flow diagram of an embodiment in which an unsaturated
compoypeaPBBTP RN PRBTRAMHCA AR S at Ny GRSRRPBBTS stk ity ametals,
hydrogenation reactor for selective hydrogenation of the highly unsaturated
alkalige FBEAHSSIPR W0 ABOIEATD IS PBT G 2 The craprtIRiat &ampTise from about
relative fouling curves during the hydrogenation of acetylene for one control
0.004 i 8ROB R BNaRTR CAHIFSTIAHY ERBAEERE AVEhORIDHUARTGHEE b fpstsatalyst
comprising palladium on an inorganic catalyst support madified by a chlorine-
The eiqegdet BN RELYHOTPPETG Y IR & 4P HH A d5tfatink Wehltigdo about 100
,, catalyst selectivity to ethylene during the hydrogenation of acetylene for one
M/ontrol selective hydrogenation catalyst and two selective hydrogenation
catalysts comprising palladium on an inorganic catalyst support modified by a
chlorine-c:ontaining%g‘zrﬁgﬁf‘ﬁ.rBﬁ'ﬁﬁI::lﬂlgl%lk_)%l-lﬁlliﬁI OF THE
INVENTION 6 [0018] In an embadiment, a method of making a catalyst for
(00140 il B/ RYRFO YRS ERG hig, HHEST Y% FBE Yo R toPG MR st tood by
hydrocarbaons co,mprises,conta[%ing an inorganic ca a%ft support with a
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Whic%r'nbodiment, the chlorine-containing compound is a gas, a liquid, or

[0015] Figure 1 depicts a process flow diagram of an embodiment in which an unsaturated
hydrocarbon stream containing a highly unsaturated hydrocarbon is fed to a hydrogenation
reactor for selective hydrogenation of the highly unsaturated hydrocarbon to a monoolefin.
[0016] 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.

[0017] 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



combinations thereof. Palladium is subsequently added to the chlorided
catalyst support to create a supported-palladium composition useful as a
selective hydrogenation catalyst. A suitable selectivity enhancer may be
optionally added to the supported-palladium composition thereby creating an
enhanced supported-palladium composition that is effective as a selective ,
[001#) qrodarfati6 R bedimett.[B0ngiPHeLl RAIENST S ek hdthidfaschaeliyrbyibudrogenating
. _below. As used herein, a highly unsaturated hydrocarbon is defined as a .
highhy WBRH5BI € oMATRFIEPa e dSt BREAHINE D INEISaHhg Rt S8 BRFSSH-CaRRHIng an
_ double bond, or cumulative carbon-carbon double bond. As used herein, an
inorgiua i RYBPSEarIBhASeRmEs AL AHYEIRBPOYRLBhEATAIRG SR RsiatkeAtalyst
carbon- carbon double bond. Examples of highly unsaturated hydrocarbons
SUPRRudEwithotP RRAtESR SetgiiAEN FretRiARiRsy EHBRME brispadighe. @ liquid, or
Examples of unsaturated hydrocarbons include ethylene and propylene. It is
combiationgdhstsst thatadiuari suesarantxratded tRduppordedyetidyshithpport to
the materials impregnated in or on the support. [0020] Unless specified to the
Crea@oﬁtF&RPB?%‘bB%%éﬂ%%ﬁPfﬂBoﬁ}HWrﬁéﬁ%‘ﬁw@So‘l‘ APFaYe hydeogarfian calgdyst. A
. the inclusive meaning. [0021] In some embodiments, the catalyst support .
suitale SlG NN AR RS ARYCPSR ALY AR SALhS SHRRRI SRRt g} eqgposition
titanias, .zirconias, aluminosilicates (such as clays . and/or zeolites), spinels .
therqly, CEeaUNS AR SRIARGS TS UIRE AL AR P TR HERURR LIY TSt 2 gpsclective
combinations thereof. In some embodiments, a suitable catalyst support is an
hydrgegnata calpi¥sina support. [0022] A catalyst support having a surface area
from about 2 to about 100 square meters per gram (m2/g) may be . )
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conjugated carbon-carbon double bond, or cumulative carbon-carbon double bond. As used
herein, an unsaturated hydrocarbon is defined as a hydrocarbon containing an isolated carbon-
carbon double bond. Examples of highly unsaturated 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.

[0020] Unless specified to the contrary or apparent from the plain meaning of a phrase,
the word “or” has the inclusive meaning.

[0021] 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),



support may be determined using any method known to one of ordinary skill
in the art, alternatively using the well-known method of Brunauer, Emmett,
and Teller ("BET") by measuring the quantity of nitrogen adsorbed on the
catalyst. Alternatively, it can also be measured by mercury intrusion. A
suitable mercury intrusion method is described in ASTM UOP 578-02,
or cembiraiiont{dfiated PoreormbedinsPore SixatinsBlitesWPEréuan alpha (0)-
Substances by MERCURY Porosimetry,” which is incorporated herein by
alunrgfepepperin its entirety. [0023] Particles of the catalyst support generally
have an average diameter of from about 1 to about 10 mm, alternatively from
[0023hout 2 teatidpeit BIAMET! dHd 8Enahevéaan At abI B GRapieouinlale efp®d i guare
the shape of the catalyst support may be cylindrical. In an alternative
metesiitss EFBHENHS) catalhstesnpiovetm A eraabrebyichl foDRA Mty ehe surface area
inorganic catalyst suppojt is contacted with a chlorine-c%ntaining compound
of frfepbatt A khihiogbd TatdBsislipporborhe enidhite-2d maigingheorhpacmareant the
be a gas, a liquid, or combinations thereof. An embodiment comprises
suppeshiBetinee e FIBHGSHAI ASE Mt Bigbrst KbieV A igueaccbrfdnesntalthén the art,
compound to create a chlorided catalyst support. Such a liquid may
alterpaiyishsaldnfedag ordldrIeNne leehedn gREsRfIsUnEMmebniade hbisaimBRE ) by
the liquid chlorine-containing compounds to which the inorganic catalyst
meagyjifib i gy HE Exposdiirgstradierbsd onidhecatebidlystiappériaheliideanatso be
are not limited to, 8 hydrochloric acid; alkaline metal chloride; alkaline earth
meagHstibg RRHIgHBhiRIFEEafboAss UisRip SufTES W dBEHbIen BiFthrdibrdrsigibed in ASTM
N(H"R,R'xR"yR"z)CI, where R, R', R", and R™ is methyl, ethyl, propyl, bu%yl,
UORy 485 RorsBitkson Akeasteth P orsy elyms caf nBWao AZqorgwéréamon of” Porous
v+w+x+y+z = 4; or combinations thereof. In some embodiments, the alkaline
Subsizaess bIMER AR ¥ohpsridpirassiliisit itoigerrasateinhersonidy, feffteRce in its

_chloride, or
entirety.

[0023] Particles of the catalyst support generally have an average diameter of from about
1 to about 10 mm, alternatively 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.

[0024] 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,



combinations thereof. In some embodiments, the alkaline earth chloride may
comprise calcium chloride, barium chloride, or combinations thereof. In some
embodiments, compounds described by the formula N(HVRWR'xR"yR™z)CI
may comprise ammonium chloride, methyl ammonium chloride,
tetramethylammonium chloride, tetraethylammonium chloride, or
hydreghigiicaticis tAlRBE cﬂ%%b-ﬁv@r&%r@ils@ag (888 HdeHdRaghisrmprd@carbons:
compounds containing 1-10 carbons wherein there is at least one substitution
comppyRiysigartisid drdhRdORPEETE Eibdtients chforoifdfoRakor® > and R™ is
comprise compounds described by the formula CC1xHy (where x +y = 4);
methd i B Y R crMgEY- by tRBY SN &8 1aaRr plvABre % -y 8y, %oFan be 0 to 4
combinations thereof. In some embodiments compounds described by the
ProvigthIa™ CE Ay oo RBRUAAHER tFE Mol &t ABROMBFARethG Al kaline metal
combinations thereof. In some embodiments, compounds described by the
Chlof&ﬂ‘?nLﬂ%aﬁzmp&séorﬁﬁﬁé%“{ﬁbh%é%néoﬁi% ShHBEdmelith i Ii&}éiﬂﬂde’ of
chlorine-containing. compound comprises potassium chloride in solution. )
Comtbﬁeéﬂnfh@?ﬁ%ﬁﬁaﬁﬁ SR SRbHBI SN Be AlrfttRte QAN AMeT g gray comprise
chlorine-containing compound in any sujtable manner that will yield a .
calciggne SR8 SGEH oA IR s O SRR Ao BarditiERrs albcTiyBe (rapBpfiments,
In an embodiment, the method used to contact an inorganic catalyst support .
compatnds); GG iRE-BhiRRY L ipbinG rity:Be inthiBlRwWetRELESe ammonium
impregnation, which is well known in the art. During incjpient wetnes )
chlofiderdB Eﬁbﬁﬁﬁ?“@“&b%’é%ﬂﬁet%%BSﬁ%%%‘m&lgﬁbglﬁﬂﬁéﬂytﬁﬁré‘ﬁtaﬂﬁfﬂ%omum
liquid chlorine-containing compound. Other contacting methods such as )
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the liquid chlorine-c taininézj compound to creafe a chlorided. cataly ﬁ?
comgipc F NI AK JNSHAN0S BHIEGBIHERT SOlnSALS L ANy Hbisehlg dieen for

inorganic catalyst . . .
chlorme.g%n some e}élsbomments chloro-hydrocarbons comprise compounds described by the

formula CCIHy (where x + y = 4); compounds described by the formula C,CIHy (where x +
y = 6); or combinations thereof. In some embodiments compounds described by the formula
CCIHy comprise carbon tetrachloride, dichloromethane, or combinations thereof. In some
embodiments, compounds described by the formula C,CI\Hy comprise trichloroethane. In an
embodiment, the liquid chlorine-containing compound comprises potassium chloride in
solution.

[0025] 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 incipient wetness impregnation, the



support with a gaseous chlorine-containing compound to create a chlorided

catalyst support. In some embodiments, the chlorine-containing compounds

that may be employed as gases include, but are not limited to, hydrogen

chloride gas, chlorine gas, CC1XHy (where x +y =4), C2C1xHy (where x +

y = 6), or combinations thereof. In another embodiment, the gaseous o
poreghRfriBecsHRARThgRESATMDUHIS AR Yhtailedhy hidatifg dig8idtilehlorine-containing

chloro-hydrocarbon or mixture thereof. [0027] A method used to contact an
compeiinch nfQBaEAPBIASTHE JASHRRY B Y SR S HOUARSTIMEY HFRMRiRG BRI Sbitheentact the
_may be accomplished by heating the inorganic catalyst support in the )
INOTgHAEH B AURRSELNE IS HHBUCOTIAIHRG COMABBLR G URRPUPSA&HTAT thehlorided

presence of oxygen, water, nitrogen, hydrogen or mixtures thereof to create
cataly U SIPRAEY catalyst support. In an embodiment, the inorganic catalyst

support may be contacted with a gaseoqus chlorine- containing compound at
10020 pefHturBerBRfenT RPOd BN CCERRSt: B0 CAYAT D 1D Borgasoshtalyst

20 haurs. [0028] The amount of chlorine-containing compound deposited on
SUPPPfE W&ﬁ%%ﬁ%ﬁ@%ﬁﬂﬂ@ﬂ@&gn%ﬁﬁ%%i&%F%%BW@&??HD&?FSH“ support.

whether by liquid contacting, gas phase contacting, or combination thereof.
In sqipg EE#P@%{RF@%etﬁf‘o8%?5&%’86’6@?%&%{%98?%%%iPi’é%Bﬁt&iﬂmayed as gases
.. compound such that the chlorided catalyst support, i.e., the catalyst support
inclugee PRSHE A B A i e eS8 AR AIRG Corpotha RO ASriSE o asBLE 20 = -

to about 10 0.001 weight percent chlorine based on a total weight of th
CoClbfoligbareataty ¥t s p8FtF‘3ﬂBW?é{R}’él;}l¥FB‘?ﬂfathi“1‘6f{8ré‘ﬁ%‘ﬂﬁ%%@?f’m%gﬁ%seous

percent chlorine, alternatively from about 2 to about 0.001 weight percent
chlopRfs AR a Bt S0 FARB 1A Sir?éf’gglﬁﬁél‘&%‘ia tl?&BB%rﬁh&%?ﬁ EncBiTeabMsQsAhon or

. the chlorine- containing compound to create the chlorided catalyst support,

MIXHE Ci5iSked catalyst support

[0027] A method used to contact an inorganic catalyst support with a gaseous 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 hours.

[0028] 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, comprises from about 20 to about
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may be removed from contact with the chlorine-containing compound and
processed to remove from the chlorided catalyst support unwanted elements
such as an amount of chlorine- containing compound, decomposition
products thereof, or other unwanted elements to create a clean chlorided
catalyst support and otherwise prepare the chlorided catalyst support for
0.00&xy8ktire RE Rl BPRNR AR ol HiFdUNESPEMbriRe-cllrtidsthgatalyst support,
compound and/or any other unwanted elements may occur via a wash, via
alterpatiusrly fiom, BoubbinaReHs UHe 31! i REFRARLC I Bea AN el i peabput 2
chlorine-containing compound involved. The vaporization may be
to abgut QABAsHeig MR e dHtiRE of from about 300C to about 850C for from
about 0.2 to about 20 hours. After processing, the clean chlorided catalyst ]
(002 pport sy Mo risHigdforrPEBY SURPABObR2 RAT ppThsy-idight!Br difofiRkerine-
alternatively, may comprise from about 10 to about 1200 ppm by weight of
contgiiRg P IRAAd 4O MBS s 4Byt %‘@B‘Bbrﬂlﬁf@%‘i&?@o‘f AigHirwpport
alternatively, from about 30 to about 400 ppm by weight of chlorine with
mayy e, EP ey tHe SUPpeEiiso 3T Intan ém‘ﬂfb‘éﬁfﬁgﬁélalﬁﬁwﬂ%’d"&%a% Jipysseed to
produced by contact with a liquid chlorine-containing compound may be )
remoxe,HeBHRS S Aidvdteriabisi SUPRRE BY AT AAINERD Sechra BB Bt Ofghlorine-
from about 0.5 to about 20 hours to dry and/ar calcine the chlorided catalyst
CONRH FOTREHY ArEame L RIAHBE S HIBHAE P ESRR AWV HPBCIrmiisdo create a
empodiments, an optional washing step may follow the exposure to an
clean, shlgagerh FHRNL PP R QRIS RIS SREn: HaStalyskitpport for
water at temperatures of from about 20 C to about 100 C for from about 1
SXPRHFULE R By h%ﬁ‘?é?‘iﬁ%ﬁ‘éﬁfﬁ8‘d%8%ﬁ1ﬂ%19€a%?{%n%iEB?B%‘i‘ﬁ‘r%and/ or any
distilled or deionized water and occurs after drying and/or calcining, .
othef SR AHE e SRR 85 the Ehibhd é/é'i‘a?'/ ST r‘?fa%‘b%&ﬁ‘éws thereof,

undergq another exposure to an elevated temperature of from alout 50 C to
depe, gl%’%%)é é"f%‘inﬂ](?mp%éh‘f dype ofe c Eo(rime—cgnta&llnlilng compoung ano ved. 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.

[0030] 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 calcine the chlorided
catalyst support, thereby producing a cleaned chlorided catalyst support. In some

embodiments, an optional washing step may follow the exposure to an elevated temperature.
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to about 20 hours to remove any unwanted moisture. [0031] In another
embodiment, a chlorided catalyst support produced by contact with a
gaseous chlorine-containing compound may be cleaned via vaporization or
washing or a combination thereof to remove an amount of chlorine
containing compound, decomposition products thereof, or other unwanted
For gxamleeshn HRRITIHBRNISAY 2ahedt WothaERG thieRGFYaTe AR baH “C to
with the gaseous chlorine-containing compound, flow of the gaseous )
abOIEmQﬂn&?;BﬁtéfﬁmgaEe%doﬂfﬁa%eéfbﬁsewt, AP gHs@BuERodigreh Bifdadshing
__catalyst support may be continued to be heated and/or calcined by exposure
utiliggsa RNt tlThetatdré i te WASENRRI Y §adlEl ERIBRInd/or calcining.
containing compound to produce a cleaned chlorided catalyst support.
Follgwyingstire to dhnseVete d fe rddr SRR bEtRIRGH thax RSImAL biagstehanother
water, nitrogen and mixtures thereof for less than or equal to about 18 hours.
CXPOFTE WATFIZAHGH FEmRVATL R TR IPtithatty PotRbEd MYy Expstryrgout 0-5
chlorided catalyst support with a heated stream of gas free of the chlorine
to ahott ZiRYTE A SBING 10 YRR FERIE WSy unwanted elements. After
rocessing, the cleaned chlorided catalyst support may comprise from about
10035 5, BR85S SBIRCEY 6Bl SR A ADER) R S iinvith 2
about 10 to about 1200 ppm by weight of chlorine; alternatiyelty, from abaout
gaseoRs S B G PHRELSPRRYHL e PR & RS Hh TR SifPHLATQB00E TEBing or a
apout 400 ppm by weight of chlorine with respect to, the support. 12 [0032] |
ComR}EQEOBaﬂ%‘FH?Bﬁw%W’&X%%é‘%‘ﬂﬁ@%ﬁﬂ%ﬁ&ﬁ&?&“&‘&%ﬁ?&%ﬂﬁ% fgomposition
create a suypported-palladium composition. Addition of the palladium may bhe
prodyets, hfTEHe by BEHARNAR e LEBHBI with a?‘ba‘?f&&ﬂfiﬁi’él’)‘hﬁ%ﬁﬁgcgé}mﬁ%ﬂg the
. __comprisin ﬁalladium megal r a palladium-containing compound such as
inor GG A EHIOMAESE Sl i IR L R CURBAE AR Hla il of the

ield a selective hydrogenation catalyst meeting, the parameters .
gase%/)us cﬁor?ne contaifning gompound 1% st%ppga, and gEhe ga%eous 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 support. 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 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 15 to about
800 ppm by weight of chlorine; alternatively, from about 15 to about 400 ppm by weight of

chlorine with respect to the support.
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described herein. In an embodiment, the palladium-containing solution is an
agueous solution. In an embodiment, the method used to contact a clean
chlorided catalyst support with a palladium-containing solution may be
incipient wetness impregnation, which is well known in the art. The
palladium-containing solution may contain a sufficient amount of palladium to
[003e5rm 2N pBHEYANBRIRCAAEE ki dherA g hldsA S @51 TePaBEr1SErate a
weight percent palladium, alternatively from about 0.01 to about 0.8 weight
supngeicdsht 3dirmiamRRENRRive I RHRIuthS. R HNBUID WeigitcpRiiated by
palladium, all weight percentages being by weight of the )
COHt%%P@&%@HiWW&%Q%PW@W% 58 OfpRrising palladium metal or a
palladium-containing solution is added tg the clean chlorided catalyst support
pallafiumHcHIUPBE CATRRCAP TR AL Ad RAIB ATy b [SIBAY gifdium hitrate using any
. supported-palladium composition particles to have the palladium
suitabl BftRste A 8 th e pltip sy S thd Mo 8eRA b LRI REFHBS siip Parameters
particles such that those particles have a so-called palladium skin. [Q033] As
describgd tsreiR; thitéfn o BaRdHREH sk RALLIIeACARIFTHBRISRYEPBE hett aqueous
supparted-palladium composition that contains at least about 95 weight
solutighcofft 87 (HEPBAIREAMINR B PSR S th BT A5 HE PUHERh T URIN L appport
. be any thickness as long as such thickness can promote the hydrogenation
with, 3 el Al WO RODLY THBPe TR 8RRy DT e CtRIGRh SELSF tHE BEIRIING- Sk Tty well

be in the range of from about 1 micron to about 3000 microns, alternatively
koW 4R G eldFoRe 18 UHBTHOPHD A YL ORI EFAGOBI i AU arount of

microns to about 2000 microns, For further, reference, the teachings of U.S.

pallqd 5o R A R PV B 7B Rt Bjout 1.0
e SRR Pl o04) Sl et o S ming e eSlon
R SRR I corcEnten o, e gl 02 1, o
percentages being by weight of the supported-palladium composition. 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-palladium composition
particles such that those particles have a so-called palladium skin.

[0033] As used herein, the term "palladium skin" refers to a peripheral layer of the
supported-palladium composition that contains at least about 95 weight percent of the
palladium incorporated in the support. The palladium skin can be any thickness as long as
such thickness can promote the hydrogenation process disclosed herein. Generally, the
thickness of the palladium skin can be in the range of from about 1 micron to about 3000

microns, alternatively from about 5 microns to about 2500 microns, alternatively from about 5
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thickness of the 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
micrRNN-IindBeRY1-2PaPa ifsesanifine. [rrBet daHRTERSILN (FaskiaaRif theS. Pat. Nos.
palladium to give a red color that can be used to evaluate the distribution of
4.40th L2gandkhti P40 AHOthEF e Y6 AnRERLEH G n e LB RREMbETEBh of the
palladium in the skin of the supported-palladium compasition involves ]
(0038 }e akiry! BHEhBFBRS JER HRITERIND D F RSN A AL IES, RaMadier i the skin of
treating the particles with a reducing agent such as hydrogen to change the

the ypRPEAMRAIAGH R FETHRIEE) V2 FR & it LIy SHHB paiag gpfcentration of
[0035] The supported-palladium compaosition formed hy contacting the clean
the p4iafYEy lEa{Paﬂy%“’tl%Lﬂf;)%‘R SHBPHE pRANAIM TR RGN B slrlrramgping the
. may be dried at a_temperature of from about 25 C to about 150 C fora . .
thickpesd Qi bR dSHEArE R SAY 25 RBIRS YD gatemine igRalladium skin
. _hydrogenation catalyst. The supported-palladium composition  described
thickejesydSniy Y pHEAAIR) R REARfe FEMOe o OIS bt 1BV RS critpg@Pen 2
C to about 850 C for a period of from about 0.2 to about 20 hours. [0036] In
repreg Rty atA B8R SHirtin S RS Gl e U SORPOsHiSR BASTHRISy Bad diralyrg the

the supported-palladium composition to produce an enhanced )
SUPPOYS &?ﬁ&%‘é‘ﬁh&%‘?ﬁ%ﬁ?ﬂd&‘?ﬁ%ﬁeimw g A BelG S Ay Uy _hMibrdimethyl-
catalyst. In one embodiment, this addition can gccur by soaking the
Para‘éﬂ&ﬁ&?ﬁéﬂhﬂ}&|a?iﬂ?rﬁr8%tﬂﬁ§o§§1i\’6lr?’ilrﬁsaﬁ&iﬁéﬂl ﬁ]ﬁﬁ) B B Bhere JGtlsler that
electivjty enhapcers. In another embaodiment, this additiopn can occur by .
can e it o PUAL R Bch BT P s G piach T COTRB G P (o
B R AL g S R e

composition involves breaking open a representative sample of catalyst particles, followed by
treating the particles with a reducing agent such as hydrogen to change the color of the skin
and thereby evaluate the distribution of the palladium.

[0035] The supported-palladium composition formed by contacting the clean chlorided
catalyst support with the palladium-containing solution optionally may be dried at a
temperature of from about 25 °C to about 150 °C for a period of from about 0.5 hour to about
20 hours to produce a selective hydrogenation catalyst. The supported-palladium composition
described above may optionally be further calcined at a temperature of from about 200 °C to
about 850 °C for a period of from about 0.2 to about 20 hours.

[0036] In an alternate embodiment, one or more selectivity enhancers may be added to the

supported-palladium composition to produce an enhanced supported-palladium composition
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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. [0037] In an embodiment,
suitable selectivity enhancers include, but are not limited to, Group IB
metals, Group IB metal compounds, phosphorus, sulfur, phosphorus
usefhs SoteR Ve UmsireghpiRihasiaiRkling pRetarebadart Hitaddiingdimdccur by
iodine, iodide compounds, or combinations thereof. In an embodiment, the
soakinge iy HYRAOREHRA G BSETBAVEIOMY), 2GR ATHRILHES, 9B8IRE, TS avitable
compounds, or combinations thereof. For example, silver in the form of a
selecliviey eBhipetiid d0AnebSigRLARIRE & ba G@yrRecur by incipient wetness
. supported-palladium composition. [0038] In,an embodiment the resulting
ImpregRafifte @'s i SHRR RN A Lo o85S H Afay  tb HBHL C ORTISSUP BEORR more
. weight percent to about 10 weight percent of the selectivity enhancer, )
suitabile SR YrGANAMSHR 0.8 Dt St R SHRIHBOBE RIGIGAE prlknred by again
_selectivity enhancer, alternatively from about 0.01 weight percent to about 2
dryig s ele it Be e RARAISAA SHERP S RATGHIYSR LURPQSROB ahgeaa iRy s ave to
total weight of the enhanced supported palladium composition.a%({yow] In an

Produfies IO HRRAT AN TR RHSELY SUisH s dpsitsehityh hydrogenation

composition may comprise from about 0.01 weight percent to about 10
catalyshight percent silver, 15 alternatively from about 0.01 weight percent to
out 5 weight percent silver, alternatively from about 0.01 weight percent to
[Ooﬁiout D08 GRS ES s vl bﬂ% ée}ﬁ?{hVéPYeﬁ?gﬁ‘&‘fﬁ{éﬁEQHQe’rQE&ﬁWgHOt limited to,

enhanced supported-palladium composition may comprise from about 0.001
Groel g alet e B G BB S AL SN S I PORT SR POunds.

sulflgb%ﬂl\évg)i Eﬁ;ﬁpiééfggﬁ% gt%gﬁ%%%%f@%ﬁ%ﬂhﬂd% ?(l)t 151%??(\{ ilgefrc%rrllqlpounds, or
combinations thereof. In an embodiment, the selectivity enhancer comprises silver (Ag),
silver compounds, iodine, 1odine compounds, or combinations thereof. For example, silver in
the form of a silver compound such as silver nitrate may be added to the supported-palladium
composition.

[0038] In an embodiment the resulting enhanced supported-palladium composition may
comprise from about 0.001 weight percent to about 10 weight percent of the selectivity
enhancer, alternatively from about 0.01 weight percent to about 5 weight percent selectivity
enhancer, alternatively from about 0.01 weight percent to about 2 weight percent selectivity
enhancer, all weight percentages being based on a total weight of the enhanced supported
palladium composition.

[0039] In an alternative embodiment the resulting enhanced supported-palladium

composition may comprise from about 0.01 weight percent to about 10 weight percent silver,
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percent iodine. [0040] 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 .
alterpayiyighst fFomrP Ay 8 QAR RRREHAHOOIRN with BhENSIRAEFCBE Sd¥fieAtiaIALively
before or after the silver. The concentration of iodine in the resulting .
fromyalpouti Pedhy T e RATRSH At AR NP FRh Ber fFat UBTut 1 Btk =BbediBeR- the
pm by weight, alternatively from about 1 ppm to about 800 ppm by weight, .
resuliji G ratPeBS PR st W%ﬁwwwﬁﬁt@%ﬁ%&&ﬁbﬂ?lght
being based on a total weight of the enhanced supported palladium |
percgBiniBcinth I th ¥eisd ERTEoHinegine; Hiewmiel r%ame%laaﬁtgiﬂﬂqgvm&%ﬂgrgem to
include, but are not limited to, elemental iodine, ammaonjum iodide, ]
abo%étéf‘é@ﬁ%%@ﬁ%,W&%IW&WM%@H@(@%,‘Y&%Fﬁﬂﬁ?ﬁ?rﬂhﬂﬁ?@ weight
iodide and tetraethylammonium iodide), potassium iodate, ammonium
PerceBii9ding combinations thereof. The resulting selective hydrogenation
catalyst can be dried and/or calcined prior to using the selective
(0040 arodBridti GARALAYER i i a8 SR REH o RSc Addedn e dhe s hathrorted-
this drying step can be carried out at a temperature in the range of from . .
pallagium: SUPPRSILNBUIN BHEIEP dDERH SEtsnT BEUPY. 5 thisGP I MBbUE-8o Incipient
hours. In some embodiments, this calcining step can be carried out at 16 .
WelEthSRIEFRIOR € 268k E530d &l PRI AtiEe BRI RE bt 1BgE Galcined to
about 700C, for a period of from about 0.2 tg about 20 hours. [0041] In some .
Pmdéﬁ?b%liﬁ‘?@%?ﬂqé“BH%FFﬁ%ﬁé@B@c?R}ﬁy%%%&’éF Ul BesaletHeydrogenation

e U o St ppre plm copeson ot ot - e
the sclf)vrfr:lrp O%Eié)go%%er:tril%rlgt?o%agf l%gdine in the resulting selective hydrogenation catalyst may
range from about 1 ppm to about 1,000 ppm by weight, alternatively from about 1 ppm to
about 800 ppm by weight, alternatively from about 1 ppm to about 500 ppm by weight all
ppm by weight being based on a total weight of the enhanced supported palladium
composition. In some embodiments, the suitable iodine-containing materials include, but are
not limited to, elemental iodine, ammonium iodide, potassium iodide, tetraalkylammonium
iodide (e.g., tetramethylammonium iodide and tetraecthylammonium iodide), potassium iodate,
ammonium iodate, or combinations thereof. The resulting selective hydrogenation catalyst
can be dried and/or calcined prior to using the selective hydrogenation catalyst in the
hydrogenation process. In some embodiments, this drying step can be carried out at a

temperature in the range of from about 25°C to about 150°C for a period of from about 0.5

hour to about 20 hours. In some embodiments, this calcining step can be carried out at
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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
tempGgREes UWh Worhe e HHbGintehtd NS BRSPMEYBERIdRAEd Qrapout 700°C, for a
_temperature in the range of from about 25C to about 150C for a period of
Per“ff’o?f%%‘lﬁ@‘?&‘fb%@o@ﬁ%@%ﬁ%ﬁn some embodiments, this calcining step
may be performed at temperatures up to about 850C, e.g., in the range of |
[00445m aBbe PSR SRR FHHE RSt ST pRAE BT ASRD S0 Aokt Septributed
hours. [0042] Optionally, the drying or calcining. may be followed by a
throy ghoidi G stEpRS Fedt Offfed rHitA B FoRRAiRInstas i thod e kRgrgetp those
. supported-PaIIadium composition. This reduction step may be accomplished
skillgd 4 Hitettof WdPsCRPURMRHo WS itPIROrH-BiadB L G RENCBRBtides can be
reducing the enhanced supported-palladium composition using hydrogen
placgd i AnAAYEAEY SNVGEE LB ANTHEP R 8H2 QYN Hhe SLALeE iU gt firessabkbodill the
hydrogenation process, to reduce the catalytic metals, thereby providing for
poreiHITM b Ha dtfsHclst thEhseistiVahyabapesh it prsdaal SOgHS3D may
hydrogen reduction may be carried out  at a temperature in the range of from,
be drrd?de%&ﬂ{ﬁfe?%16’6189Z@CXF&%BB%%§%§‘C§11L“Fr[662§ﬁ“i‘h“§nc8m8%‘?ﬁ§eREf%re using the
selective hydrogenatjon catalyst composition formed, in accordance with the |
enhanedh Y RRUEHHBA FOBVR COMBASLOR Y- AIHHES B AIE 1 EATEd Yithy4rogenation

chlorjne-containing compound, palladium, and optionally at least one,
Procedie Vi SRR REmeaty, F%Mry&%dkﬁyi GiRE TRkt L (TRREalER Y he range of

ror BRSNSV LAY compioc 2, SURROLIAND A SHIRCRAERS! e
embo i%%lénztsfot}ﬁ'ls:)%g]tczgnrgzs/t%b %3{905% %ggfg}n%et(? e?tt)tglﬁlitp%?atrlrllrze/sg up to about 850°C, e.g.,
in the range of from about 150°C to about 750°C, for a period of from about 0.2 to about 20
hours.

[0042] Optionally, the drying or calcining may be followed by a reduction step to reduce
the metals (e.g., catalytic metals) in the enhanced supported-palladium composition. This
reduction step may be accomplished in a variety of ways, all well known in the art. One
embodiment comprises reducing the enhanced supported-palladium composition using
hydrogen gas or a hydrogen gas containing feed, e.g., the feed stream of the selective
hydrogenation process, to reduce the catalytic metals, thereby providing for optimum operation

of the selective hydrogenation process. Such a gaseous hydrogen reduction may be carried out

at a temperature in the range of from, for example, about 25°C to about 450°C.
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[0044] 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 hydrocarbon, e.g., ethylene, but also containing a
highly unsaturated hydrocarbon, e.g., acetylene, with such catalyst ]
[00438 mpdsitith <R EBFRAcAngFHrich) BehedsrsrBelinnfa BhedefiomParpdrdgened in
at conditions effective to selectively hydrogenate the highly unsaturated '
accopdiiere A e mAthed dasratee RIS APHENINS 47 SnibyRIRTertPR9E dEaed with a
hydrogenation catalysts of this disclosure are used in the hydrogenation of
chlorithputagang aennimdcerbadis nsuardagpiérakbngsltcanidonstelecivifagahancer,
acetylene, methylacetylene, propadiene or combinations thereof. [0045]

e.2.. sidvae andiasiedes arFemissdivdheolclepy e dyeliagonies cexalishmaligogarise a
selective hydrogenation catalyst made in the manner described above. The 5
suppeyheyEsation iaescess icliriBshasdiddaAboE A Sty B eET IS StRER /2);

10 and a hydrogen (H2) stream 20 to a hydrogenation reactor 30 within
alterjgj¥pl yHaose RRANSE R dRyé AatBr S ahiyemabaipbset o e iRsMurated
hydrocarbon stream 10 primarily comprises one or more unsaturated _
wo“ﬂidroé&rkﬁ@ﬁﬁ simhodisecebntansheft 6f HemEhigayprmdaustatelgscribed selective
hydrocarbons such as for example and without limitation acetylene, .
hydregemafige GBS Bndfprop sl . 11.83a eleratkre )y HOSERAEREd PRSFSDartsRAPTises
stream 10 and hydrogen stream 20 may be combined in a single stream (not
Contgﬂmgn)%aﬁwéwwayd}weﬁ%m@ﬂ rSHEMP 3CTIMATNirfGYAnH R Atadnsaturated
hydrocarbon stream 10 may comprise hydrocarbons, including one or more
hydrgpadritated hyditarbobd! steh 48 HMYIBEcAaRtERNe WisAiHiRiadighygrocarbon, e.g.,
unsaturated hydrocarbons such as acetylene, methylacetylene and
acetyfhsattitheu HivrarrathpBtfhent 1o soMAS0E BaeRscERReMFdrBY Bisapisaence

reactor that may belong ) ) )
of hydrogen at conditions effective to selectively hydrogenate the highly unsaturated

hydrocarbon to an unsaturated hydrocarbon. In an embodiment, the selective hydrogenation
catalysts of this disclosure are used in the hydrogenation of highly unsaturated hydrocarbons
such as for example and without limitation acetylene, methylacetylene, propadiene or
combinations thereof.

[0045] Figure 1 illustrates an embodiment of a hydrogenation process that utilizes a
selective hydrogenation catalyst made in the manner described above. The hydrogenation
process includes feeding an unsaturated hydrocarbon stream 10 and a hydrogen (H) stream
20 to a hydrogenation reactor 30 within which the selective hydrogenation catalyst is
disposed. The unsaturated hydrocarbon stream 10 primarily 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.
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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 acetylene removal unit in an unsaturated hydrocarbon production unit
that receives the lower boiling fraction from a deethanizer fractionation tower
that receives the higher boiling fraction from a demethanizer fractionation ]
Altefaware%piawé@@ﬁﬁéigéw@é%ﬁ@ﬁpaﬂr%@amré@é&lﬁ%%ﬁﬂs%r%wohe combined
_ process. [0047] In an embodiment, reactor 30 is a selective hydrogenation
in arsipgls HEMalPBkIhYYid ArhdstfshdordMERREcRAHYY AFfGiSatitateticcordingly.
hydrocarbon production plant in a frontend deethanizer configuration. As
unsaffiaehdruosbivR i ciRtHANRAY FEBRSIES thedfocatinor tRe dityfageor more
removal unit in an unsaturated hydrocarbon production unit that receives the
unsaiated SaiFRg AFRRED AUTB I & HEPRATSEPFaCiBI PR hefdwaP TRt kvl ogarbons
feed from an unsaturated hydrocarbon production process. [0048] In an
suchei Besdinrat PEHRLGF 4o e Wil deapadiiifrogenation reactor that may belong
to an acetylene removal unit of an unsaturated hydrocarbon production plant
[0046) 5 rdRtah AP Bl AR SRAET G i AtiSTE R R Pt O G AtkRTfhat may belong
depropanizer" refers to the location of the acetylene removal unit in an
to-a, Acsivice ARV AL AT AB HISABH A By erBRR LI GERRPEGidy 2 backend
fraction from a depropanizer fractionation tower that receives a feed froman =
configatii et HEbREIHBN PASYERToFEHTS oS C 18D I g PEFhDERA FREReval unit
. reactor 30 is a selective hydrogenation reactor that may belong. to an .
in an, UBROMFESRGVAFd: R‘b?%‘?‘i“ﬂf%&%ﬁd?&fe‘&%ﬁ&?S’cvéﬁo@ﬁ %‘Mﬁﬁéﬁgﬁléléﬁfﬂﬁ’% from a
aw gas. configuration. As used herein, "raw gas" refers to the location of the .
decthamzse HATARBUAT dAY e EFr?&éYE?éP@dhh%}&Fo%a%%%ﬁ%ﬂ%%%ﬁi fifgthanizer
receives a feed from an unsaturated hydrocarbon prqoduction process without
fract opAt IR ORI Hy GFEE4FDD eﬁ%ﬁ&?&%&ﬂd@f@ﬁ%ﬁ&f?Pédh?Fd‘é‘ngbBH)i’HﬁPon Process.

drogenation reactor 30, and likewise the selective .
[0049¥ %n an embodiment, reactor Z% 1S a seﬁectlve %yclrogenatlon reactor that may belong

to an acetylene removal unit of an unsaturated hydrocarbon production plant in a frontend
deethanizer configuration. As used herein, “frontend deethanizer” refers to the location of the
acetylene removal unit in an unsaturated hydrocarbon production unit that receives the lower
boiling fraction from a deethanizer fractionation tower that receives a feed from an
unsaturated hydrocarbon production process.

[0048] 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 frontend
depropanizer configuration. As used herein, “frontend depropanizer” 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.

19



hydrogenation catalysts disclosed herein, is not limited to use in backend
acetylene removal units, frontend deethanizer units, frontend depropanizer,
or raw gas units and may be used in any process wherein a highly
unsaturated hydrocarbons contained within an unsaturated hydrocarbon
stream is selectively hydrogenated to a unsaturated hydrocarbon. [0051] In
[004H0se EhiBotirRen Wheiar Ihd hisetyigkehentaaremitivhraasiudaagmay belong
configuration, the highly unsaturated hydrocarbon being fed to the
to apyGFRoYERBERPNALIBHBO AInBrREELE IR AN REIEYCRN o lRé in a raw gas
hydrogen to the acetylene being fed to hydrogenation reactor 30 may be in )
configurptifge OFFHAT AGETR0. 121 FOUCIDS AdpRANGERPHRINTSBEEEDECaDA unit
~ 5, alternatively from about 0.5 to about 3. %0052] In those embodiments
in af HEEHEh SR IUMBRAUSHIR TS Yhih FREhtESfY ShedtHEs &R0 Troft-atfgaturated
depropanizer or raw gas configuration, the highly unsaturated hydrocarbon
hydroeqraR Br R HE I R SER BB YL ARYO 86 EBB iSRRI HRCHR IR -an
embodiment, the mole ratio of the hydrogen to the acetylene being fed to the |
(005N arodbristicRdrEsenst 302 dy HasAHE Pardgactitirofh BBt H§ ¥ Epdit selective
3000, alternatively from about 10 to about 2000, alternatively from about 10
hydropemsinn S8l Y60 s SEIRSHbEEr eSS HEL Goh i a1 i ACBERE RE i3 tRRR Apmoval
. unitis in a front-end depropanizer or raw gas configuration, the highly .
unity, ﬁ%‘&lﬁf&l@&%%‘?&&érﬁ‘&%&ﬁiﬁ%%PfHBa%%yBH@%{n%ﬁ?o‘ﬂPiﬁaﬂgr‘%%}V be used in
comprises methylacetylene. In such an embodiment, the mole ratio of the
any |RarGHer RSTHE Fheﬁlﬂ%ﬁ%&?f‘f&%%%ln‘@%&%r%ﬁ&%98?6@8?1&?6}1&%8{’0t“%aturated
may be in the range aof from about 3 to about 3000, alternatively from about 5
hydrps 00068, 1%?%?%\14?)&%%6%%%& Eb%‘ﬁ%’ﬁ?%gg di6682PTh those
bodiments wherein the acetylene removal upitis in a front-end, .
[0053 propani 283 or AR GARBEh AP B n Ve RTGHRP EInSROMAte &' MY o dBriforpackend

eing.fed to the
configuration, t&le Eighly unsaturated hydrocarbon being fed to the hydrogenation reactor 30

comprises acetylene. The mole ratio of the hydrogen to the acetylene being fed to
hydrogenation reactor 30 may be in the range of from about 0.1 to about 10, alternatively
from about 0.2 to about 5, alternatively from about 0.5 to about 3.

[0052] In those embodiments wherein the acetylene removal unit is in a front end
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.

[0053] 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
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hydrogenation reactor 30 comprises propadiene. In such an embodiment, the
mole ratio of the hydrogen to the propadiene 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.
[0055] In another embodiment, reactor 30 may represent a plurality of )
hydriogeamian Tes Gt RRMBT R CRAS HAST S ITSn iy SHENseh sPaRed B i riicame ioratio
remove heat produced by the reaction. The plurality of reactors may .
of thepitagy b JBpPatBYHF Y et EshifolhniBY SRaCRHHGBAERTRNS Homay be in
reactors or heat removal means allowing for individual or alternatively groups
the Fin@RRbrEWRhAPERE PiuA) Vi réQBfbre ks BTG EnERRe dPTHe Seldctibeut 2000,
hydrog'enation cata]gst may be arranged in any suitable configuration within

alterpifirsBeliafbrP Puatidr 880LLLNOSs a fixed catalyst bed. [0056] Carbon

monoxide may also be fed to reactor 30 via a separate stream (not shown),
10054 it miy HotomBlmitishydiegtih hrearTtsnm Smovtlotifelst, ihet front-end

amount of carbon mongoxide being fed to reactor 30 during the hydrogenation
deprppaRIASE (¥ 1BRY S aBdgR gy ﬁ?ﬁl%@%e‘&lﬁﬁﬁ%ﬁ‘f’o@i%@?% hEiasEgo the
fed to reactor 30, [0057] Hydrogenation reactor 30 may be operated at )
hydrogRRRHiORd R/ B LRITER PERP IO g BhSHEHIB ISP Rl ARG HYy mole ratio of the
hydrocarbons to gne or more unsaturated hydrqocarbons upon 21 contacting
hydrgen &9t B ARRIHSGE i EL iy BE i MO BTt e8¢ e’ RyBrS JeninTihg range of
conditigns are desirably effective to maximize hydrogenation of highly
fmfftﬁ%%{h?&féabwﬁ%%@r %%BV&@RHA?@&%%&B?B&ag%alfgm?mﬁl&émm about
hydrogepation of highly unsaturated hydrocarbons to saturated
10 t‘h%ﬁ’BEi? ns. In some embodiments, acetylene may be selectively

drogenated to ethylene. Alternatively methylacetylene may be selectivel

10038 crodarstet s EAMEHEE B L) PO ATEI S R B CUE el ion.  The
pluretl]}/tg/rg ?eg%Eggs tr(Ijlay optionally be separated by a means to remove heat produced by the
reaction. The plurality of reactors may optionally be separated by a means to control inlet and
effluent flows from reactors or heat removal means allowing for individual or alternatively
groups of reactors within the plurality of reactors to be regenerated. The selective
hydrogenation catalyst may be arranged in any suitable configuration within hydrogenation
reactor 30, such as a fixed catalyst bed.

[0056] 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
mol% based on the total moles of fluid being fed to reactor 30.

[0057] Hydrogenation reactor 30 may be operated at conditions effective to selectively

hydrogenate highly unsaturated hydrocarbons to one or more unsaturated hydrocarbons upon
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propylene. In some embodiments, the temperature within the hydrogenation
zone may be in the range of from about 5C to about 300C, alternatively from
about 10C to about 250C, or from about 15C to about 200C. In some
embodiments, the pressure within the hydrogenation zone may be in the
range of from about 15 (204 kPa) to about 2,000 (13,890 kPa) pounds per
contaghipgethifchegeaite (B eananoat ey Htnitsbt esEers (2heli Ay tsegsBut The
1,500 psig (10,443 kPa), or from about 100 psig (790 kPa) to about 1,000
condiipnte Y96 keHyLIn0SEF B ring BAKYEFigyFeosearlisHiught Riglhm Yisaturated
comprising unsaturated hydrocarbons, including the one or more ]
hydy Bk prsaiatrsh Rydrogehativrtidadtor BENBIRE ahyAieSoRUeReq! highly
reactants exit hydrogenation reactor 30. In an embodiment, effluent stream
“nsa%aﬁ%%ﬁ‘ﬁ%&%%?fsé% Weth s raMs 1B SARECHRAE Bt acetylene may
desirably less than about 1 ppm of highly unsaturated hydrocarbons. [0059] .
be sqipgliveld BV pgadgeHaTR C sty st Esriainet PRl lens raudierssisctively
may be regenerated as needed. In some embodiments, regeneration of the
hydrograaier [y orBheriaion (Al sbmBSP B Ko MBNsREd B ot dnally Lfaspted to
stripping the selective hydrogenation catalyst then calcining the catalyst in .
Pror{gnSre 2 ARR & PR BN BERTH M i BRF G S hihiBe M ratqptip e zeed gy be in
about 500C to burn off any organic matter, polymer, or char. 22 EXAMPLES
the 1RRgBOY FHRETAVEHi3E ARG BELH GortbiaT BELE IR BB oG BRAFARRS C. o
exemplifies embodiments of the invention and demonstrates the practice and
frompciititades thdredbetis 20Rderstobll tieatehesbediataptes B GressiEy Wwaiin the
of illustration and are not intended to limit the specification or the following
hydreizénaiim aepaaainbe. ialitheimegicaff iatue skret dprdink&e. tavhent 2,000 (13,890
numerical ranges are given, it should be understood that embodiments
kPa)pagigls tiee stateelivelhgesemesistlldidravithielyHeose apevdSthesigvertidia) to about
Specific details described in each
1,500 psig (10,443 kPa), or from about 100 psig (790 kPa) to about 1,000 psig (6,996 kPa).

[0058] Referring back to Figure 1, an effluent stream 40 comprising unsaturated
hydrocarbons, including the one or more monoolefins produced in hydrogenation reactor 30,
and any unconverted reactants exit hydrogenation 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.

[0059] 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.

22



example should not be construed as necessary features of the invention.
[0061] In the following examples, the amount of green oil produced by each
selective hydrogenation catalyst sample was calculated as follows: weight %
green oil = (((final catalyst weight - initial catalyst weight)/initial catalyst
weight)/days on stream)* 100 Further, the selectivity (sel.) to ethylene was
also calculated using the followinﬁ)gfém ations, where "C4" represents
butane, butenes and butadiene and where "heavies" refer to hydrocarbons
[0068hying o HeYeaRoB AV s b asrip e dhsaiol aniRetvatle myrraplifies
made/weight of acetylene consumed)* 100 selectivity to C4's = (weight of )
embediracpis RS RY SRR AMEnLcRMs Rt fRa prr e Aty dyrnEgRe thereof. It is
(weight of heavies made/weight of acetylene consumed)* 100 selectivity to .
undegiRid ARALRSS CLUNRIG RN 2R, ‘t@mﬁélluggﬁtm?@aiﬁé%mzqnﬁﬁ% to limit the
fouling rate was determined by plotting reaction temperature, while )
specgaRiini ghthE Leeipre SRIEShTR A R9850, Al QHIERSh Bt <o ABRIGY Imate.
sample and then taking the slope of that line. A selectivity comparison was
Wheg symesical spnsorain dhesdiedmnly b5 shsrained thaosmiudipiie bsiderdipstated
as a function of time for each sample and then integrating the curve 23 from

ranggst B HBURA! TARE 1PBIRE Hols thESB Rl QlftadtetiRAtPatel cach

values after 200 hours on stream. The area values represent the results of
example SR, TREPS ST QMRS STRSHT B 20 HSURY B8%3] In the following
xamples, the amount of chlorine on the chlorinated inorganic support, the |
w“iélecti{%‘e ﬁ’?ﬁdﬁ%‘%‘é‘ﬁ’é‘ﬁo%&lﬁi}%t G A IRL A iR B}%BERE{%%% E&t&?ﬁ‘i‘i rglpetive
by x- ray spectroscopjc methods, In this method samples were pulverized in

hydrogeatidhicaH StERRBE S Galsylafse) %R ay Florescence data (XRF)

was collected. The concentration of
weight % green 0(1:1 = (((r}]inaﬁ catalyst weight — initial catalyst weight)/initial catalyst

weight)/days on stream)*100
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 Ca:
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 C,4’s — sel. to heavies
[0062] 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 the selectivity to ethylene at

90% acetylene conversion as a function of time for each sample and then integrating the curve
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chlorine was determined using a standardless analysis software package. All

concentrations are semiquantitative. EXAMPLE 1 [0064] 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. [0065] Catalyst A %cor_ltrol) was (E)re ared on a-A1203
fronbén%t féd bgbiub sammishor s Jinskir iR ARicRY SRS b after

4mm x 4mm tablets as described in U.S. Pat. No. 4,484,015. The a-A1203

200 pevestehatiearuridieerare yabieasntescly disotseyltholgiatating the tsiediyty curves

BET method employing N2). Catalyst A contained 0.02 weight percent
from{d oy AHBAUKE 0.12" weight percent silver and 99 weight percent A1203.
%)066] Catalyst B was prepared as follows: an agueous solution of about .
(006411 3 Me-he 1qHoWhtsu i EYRIGSIBE Aratenkvak dlaeBeeRrBetdryigted inorganic
a-A1203 pellets (4mm x 4mm, surface area of about 5 to about 7 m2/g, .
S“PPBFE\}Rfe%F%Uo”Ed@ﬁ%%ﬁ{E‘%‘FLB%I?&ﬁTé? BN} ASENYEI) REMGE Y 2 irvRiged by x-
about 125C for about 1 hour. The support was then calcined at about 538C
ray SpecEoscRit AR ho it AMeRrekeYBBIGE 087 REYHIZE Eb A R ARy ssed
. about 0.12 weight percent silver were added as described jn U.S. Pat. No. .
into 2 444 51 56 71 C A1y PESHrASH AR GHRES S vee!lariedquddscoarmbrtim of
about 7.49g KCl in about 92 g distilled water was added to about 3259 of a-
chloyine, s laiEraings R MINAFIE ARl BrS0SIRTS RECKARGL 4+ PR Chirations are

provided by Sud Chemie of Louisville, Kentucky, USA) followed by drying at
SeMIgHRHIBET for about 1 hour. The support was then calcined at about 850C

for about 2 hours in air. The suppaort was then washed repeatedly with boiling

distilled water until the wash sol%ﬁl\ég\lr@al negative chlorine test with an

[006%5)&“ %h/é %(%Il\(l)(\?v?ngoelggr%gle illustrates the preparation of various palladium-containing
selective hydrogenation catalyst samples, and the use of the samples in a selective
hydrogenation process.

[0065] Catalyst A (control) was prepared on a-Al,O3 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-Al,O5 pellets had a surface area of about 5 to about 7 m2/g (determined by
the BET method employing N;). Catalyst A contained 0.02 weight percent palladium and 0.12
weight percent silver and 99 weight percent Al,Os.

[0066] Catalyst B was prepared as follows: an aqueous solution of about 1.13g NH4ClI 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, Kentucky, USA) followed

by drying at about 125°C for about 1 hour. The support was then calcined at about 538°C for
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The subsequent support was dried at about 125C for about 1 hour and

calcined at about 538C for about 3 hours. Next about 0.02 weight percent

palladium (Pd) and about 0.12 weight percent silver (Ag) were added as

described in U.S. Pat. No. 4,484,015. [0068] Reactor runs with each of the

above catalysts, A through C, were made under laboratory test conditions.
aboyt ARFsia M ekt esndhﬁ@f?saapéﬂpgﬁarmgahh RRESBH ARG RV e abgyh (k b weight

mL of catalyst was mixed with about 40 mL of 14 grit alundum and placed in

peregntgybyisfouers pekded erdrsartetip Meb EHalitg' 4d diameter of about

0.62 inch (15.7. mm) and a length of about 18 inches (457 mm). The reactor
(006744 a SAEYthErmEW T TRATFTh S tHe KWt of HHECatEN St e @i hou cériy &1 in

the reactor. The catalyst bed resided in the middle of the reactor and both

aboud Yds2otiffidl 8 ST Widrergdedk &0l WRH abogt AoPm B lbPalfifin{ e ¥etipibrpurface
temperature was control&ed by circulating ethylene glycol through the jacket

area gfiabqalatde tehsalt Tha (atanmstidesshieridiberag with-ayarddenkenigky USA)
rate of about 200 mL/min at atmospheric pressure at 170F (77C) for two

follopysdrby[duang Nexkowid Batalyer weaicdritartediitiuRpeE Masheansplesnsg at about
85Oo\%pégl)roximatel 13 weight }lgercent methane, 85.8 weight percent ethgllgene, 1.2

ghtserceneatety e, e oReroSaatesr wibat gammrdhin uk andiedistilled
psig (1480 kPa). Hydrogen was added to give an about 1.3 molar ratio of _
watekyiHJBe Yret sNENe. SANe AN SHpERSHERY WHE aujikand lyAai @ solution.
acetylene conversion of about 90%. Conversion is referred to as the
The gbspieataHeaBt Heewsdat thastdralfsdernyort Jdrurntad gjcizasd at about 538°C
chromatography using an A1203 plot column. Selectivities were calculated
for 9 el ha NS OBTOR Al cibloRETEBH ANE BBHinGHD st A weieh

the performance of the catalysts, A through C, described above. Table 1
percent silver (Ag) were added as described in U.S. Pat. No. 4,484,015.

[0068] 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” 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 activated with hydrogen at a flow rate of about 200 mL/min at
atmospheric pressure at 170°F (77°C) for two hours.

[0069] Next, the catalyst was contacted with a feed gas comprising approximately 13

weight percent methane, 85.8 weight percent ethylene, 1.2 weight percent acetylene, at a flow
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Selectivity Selectivity wt% Invention Catalyst Composition Cl source Foul
rate to ethylene Area green oil or control wt % F/h @ 200 h @ 200 h gig/day
Control A 0.02 Pd, 0.12 Ag none 0.17 25 6970 0.65 Invention B 0.02 Pd,
0.12 Ag NH4C1 0.07 66 12,230 0.28 Invention C 0.02 Pd, 0.12 Ag KC1 0.14
46 10,880 0.40 [0071] As indicated by the data in Table 1, contacting an

rate (f GiRpitid Ichialy 88 i aBPLHHID st (dARR Jdghtaltivg s mpat Addf L e gbesan about
the selectivity to ethylene among selective hydrogenation catalysts .

L3 @B}ﬁbf%iﬁgoéyéwéafﬂgﬁ’ﬂ CANERB ahReCECAAR HHBMFEGE) ¥ahibtisgd wirpicld an
either NH4C1 or KCI, both demonstrate significantly higher selectivities to

acetydisieney Cerribalehay dBtrdt eRYSFnAS rﬁfaaeﬁi@rﬁstf?@ fitAnBgarfgFe of acetylene.
catalysts B and C is lower than that of the control catalyst. In addition, green_ .

Gas gRahreiubaeTPRidacky SexANmBIAos 0By SR are S blrher reitivs fstivities
curves in degrees Fahrenheit per hour (F/hour) for one control selective

werg LAeBatetheRA ataidaiisand two catalysts prepared in accordance with the
methods described herein for use in an otherwise typical hydrogenation

[0078} o cesteple b ARV nSR B RATHRCAGAIESA g B° PriEoBanFackdecripdysts. A
temperature over time for a reactor run made with the control Catalyst A.

throyght desaribed abpdEtive hydrogenation catalyst 26 comprising
palladium/silver supported on an A1203 support. Line 210 tracks reactor
temperature over time for a reactor 13Rhde using Catalyst B, which is a

selactive hvdroaoenation catalvst comnrisina palladiuim/silver sunnorted on a
seiectivenyalrogenaton-catalys-comprsingpa A siversuppofted-on-&

TeooT

~ Al )4 i
chlorided catalyst support. produced using|ammonium3Herde asShgtviy | wi%
Tnveationy n(g%t g’r‘?f iningod%gﬂ Béj?Id. Lirfé 96 tracke ekt :Jtrotfétm‘éeé]reature%%r green oil
or CQmQ\I ar a raactar Tlln% Ho icinh Catalyct \I‘\)E/ib\h I @ % otivg @ 200 h g/g/day
Control | A | 0.02Pd,0.12Ag T none | 017 | 25 6970 0.65
Invention B 0.02 Pd, 0.12 Ag NH,Cl 0.07 66 12,230 0.28
Invention C 0.02 Pd, 0.12 Ag KCl 0.14 46 10,880 0.40

[0071] 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 NH4Cl or KCl, 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.
EXAMPLE 2

[0072] Figure 2 illustrates relative foul curves in degrees Fahrenheit per hour (°F/hour) for
one control selective hydrogenation catalyst A, and two catalysts prepared in accordance with
the methods described herein for use in an otherwise typical hydrogenation process (selective
hydrogenation catalysts B and C). Line 200 tracks reactor temperature over time for a reactor

run made with the control Catalyst A. Catalyst A is a selective hydrogenation catalyst

26



hydrogenation catalyst comprising palladium/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
compigng gs%%ﬂlmafallyéaré@gppaﬁﬂzmeiﬁlbeéhaar.S‘Pﬁﬁ%{tthe kéRfling! Patlracks  reactor
demonstrated by the selective hydrogenation catalysts comprising inorganic
tempeslKst QYPBpES niBtifle e85 ChiBHhdTadRtalifgy CoptuRts Bidhoto Ariglective
220) are reduced relative to the control catalyst. The lower fouling rates
hydrageationy faysY 6OAPRISDE RrdladaymUusdeiatated LpetGhiRsiise gredishifupport
generation when compared to the control catalyst (200). The fouling rate for
prodijced distRe HYAIIYERafBIOTG AR Sha Sl eEBRAISeAAE B SARP BB or TdRg Mtk (racks
at least about 25 percent less, at least about 50 percent less, or at least )
reactol JERBer HUFE NI S8R & fESaniRY Atk @Pﬂ‘?e“é%éjéﬁ?ﬁé(ﬁfs?w}‘{éﬁ%i a selective
contacted with a chlorine-containing compound and run under control
hydregfftion-ERAMIIE S5 (B8 PSR IE Siste RO HH oy énitigH st aRetyshrippport
reactor runs described in Example 2, Fig. 3 illustrates relative data for .
Produged HYiRp (BAURSRESITEIS 38 theckBleBRGAOR MBS Bder GihfeSRling rate
contrgl catalyst A. Lines 310 and 320 track the selectivity to ethylene over .
relatggio BpeedeAPerd Qdhprirg Sahsimt B8 Supdtsr sHbRgEridicated by line
chlaorine-containing compound (Catalysts B and Q. The selectivity for ,
210 Sraneedidicisiasy RREBABII 398 afBd Fncyleutog gt igied by line 220 is
selectivity indicated by. the control catalyst (line 300). Furthermore, the )
about i RgTPER TP RRAH b %10 i 338 1]8%%6%8?8’8{}%?%%%%é‘?ﬂﬁ%ﬁcuve

300. 'I',heé%(leir ent selectivity improvement m?ﬁ/ be based.an the integrated

hy g ESTIAn S LA LB L nar s HRRERY FPIE Somtainine
comfag L5 S50 SIS T O RS BB LRI T 0 outng
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 80 percent less than a fouling rate of the same catalyst when not
contacted with a chlorine-containing compound and run under control conditions.
EXAMPLE 3

[0073] For the selective hydrogenation catalysts and reactor runs described in Example 2,
Fig. 3 illustrates relative data for selectivity to ethylene. Line 300 tracks selectivity to ethylene
over time of the control catalyst A. Lines 310 and 320 track the selectivity to ethylene over
time of the catalysts comprising palladium and a support modified by a chlorine-containing

compound (Catalysts B and C). The selectivity for ethylene indicated by line 310 and 320 are
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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 [0075] The
following example illustrates the application of the catalyst in a front-end
depropanizer reactor process. Hydrogenation runs were made with 20 cc of
greaigfer i (R Icdiedesibaty dadiysd byHbecernisaimbrat flisedlh -a Spathrsggre. the
steel reactor tube having a 0.62_ inch inner diameter and a length of about 18
SeleciHEHéé?Hfﬁ%‘?’é%RkéllPé‘s?dQﬂH thed MiBE Stable deadtBre 417 BB ERdd B percent
the reactor were packed with 10 mL of alundum. The catalyst was reduced
selectvAoMPIOYRTGH ABBUPS PRYGH MdEF AYiaesaer %8 HadRhdasolsetOntiFrsus time
and at 200 pounds per square inch gauge (psig). A feed stream typical of a
curvedddtomahe sy dr 4 € propanizer fractionation tower in an ethylene plant
was prepared, except that the ethane and propane were replaced with o
[007Hethafe foraitlirP tHEREIERGR dalHbng FateT iR ed! stredinli i isdectivity to
approximately gall by weight unless otherwise noted): hydrogen 2.5%;
unsafEReE Y H95HT 8H§yfé‘ﬁé1%1@)5;ﬂtf‘réﬁkﬂ?%hvé’ hydrogrnannar@ebhipsriended such that
propadiene 1800 ppm; methylacetylene 1600 ppm; and carbon monoxide
the Salgl T By TSI R dBP S R WESHHPS dift el Wih REIUBRISPSEaOf the
flow rate of 900 mL per minute at 200 psig translating to a gas hourly space
hydrggRB PSS 2700 hour-1. The reactor temperature was increased until
the hydrogenation 28 reaction ran_away, i.e., the uncontrollable
hydrogenation of ethylene was aﬁgg\‘fel@é&]é&ur. The reactor was then

lowed to ¢ool to room temperature before data collectjon was started.
[007 076]1E§eg0§?§6tﬁni’??ﬁ?ﬁq]8rféhﬁ%@‘ﬁ%i&lﬁlé‘é’%&?&é’a é\fe%&aé%&%ﬁﬁ/é?v%ﬁ@m‘e“d

s, JeTpS e S ebre TP L o SISO RS vy
desc}%%r coa(t:afl)ll}llgtlse. il:lll(l)etrc]gtett yesg,n \?v\flzvr%"p z{]c%(i/ ?nryeitnsgailtr?less 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 mL of alundum. The catalyst was
reduced at about 100°F for about 1 hour under hydrogen gas flowing at 200 mL/min and at 200
pounds per square inch gauge (psig). A feed stream typical of a feed from the top of a de-
propanizer fractionation tower in an ethylene plant was prepared, except that the ethane and
propane were replaced with methane to aid in the selectivity calculations. The feed stream
contained approximately (all by weight unless otherwise noted): hydrogen 2.5%; methane 40%;
ethylene 41%; propylene 15%; acetylene 3500 ppm; propadiene 1800 ppm; methylacetylene
1600 ppm; and carbon monoxide 230 ppm (by volume). The feed stream was introduced into

the reactor at a flow rate of 900 mL per minute at 200 psig translating to a gas hourly space

velocity of about 2700 hour-1. The reactor temperature was increased until the hydrogenation
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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. [0077] 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
reactiom Rt SEAYahE- diMgRePRtRe lnelearnafionat ey iasscalianed & frgur. The
same reaction temperature. Furthermore catalyst B has a similar to higher
reactgé&wéhsnc%}%?éi%%&lfﬁé%@%ﬁ%h?éﬁ%é@%ﬁl#wmgﬁd
Acetylene MAPD conversion, Ethylene conversion, % % selectivity, % 401
[007@ontrdife - 290rH-/gym52pd 128 Psigs vast pRssed sy e=thsorpalysh hijesgqtding the
79 T=130 F: -6 402 (catalyst B) B T=120 F: 100 T=120 F: 71 T=120 F; 57
(CMPPLA{YYS [CORYAMT DERIs PG ABCred ST \RhiR S FBBEMHRETEO Y thahe catalyst
invention have been shown and described, modifications thereof canbe
(eMRGTAREDLY ShdSmieeth R SRR A T erpRERR e dhe dsrpanealieadnyapdng its
.of the invention. The embodiments described herein are exemplary only, and
position Wrjflihe R Yo BRsRtSeY M ARy 4D SR SR ETLTLSET thigw degrees,
invention disclosed herein are possible and are within the scope of the
and {he esHiaR Wl PE IR AP RED Je i atichans RSk stated, such
express ranges or limitations should be understood to include iterative ranges
(0078} limitation e BPHR & HHABHI &b Yafi s Gt e BRYEIN LS R §5 Ak gf control
limitations (e.g., 29 from about 1 to abou{)lo includes, 2, 3, 4, etc.; greater

SAMRIECHA B elued B Berreersd id e drthirtBihmgHEn IRy caltyst B has

respect to any element of a claim is intended o mean
a higherp MAPD cgnversion and a%lag er etﬂy ene select%?ty than the control catalyst at the

same reaction temperature. Furthermore catalyst B has a similar to higher acetylene conversion

at the same temperatures.

Table 2
Run # catalyst Acetylene MAPD conversion, Ethylene

conversion, % % selectivity, %

401 (control) A T=120 F: 99.5 T=120 F: 66 T=120 F: 47
T=130 F: 100 T=130F: 79 T=130 F: -6

402 (catalyst B) B T=120 F: 100 T=120F: 71 T=120 F: 57

T=130 F: 100 T=130 F: 84 T=130F: 3

[0078] While embodiments of the invention have been shown and described, modifications

thereof can be made by one skilled in the art without departing from the spirit and teachings of
the invention. The embodiments described herein are exemplary only, and are not intended to
be limiting. Many variations and modifications of the invention disclosed herein are possible
and are within the scope of the invention. Where numerical ranges or limitations are expressly
stated, such 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.,
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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. [0079] Accordingly, the scope
frorrbﬁlb%&e'cfraﬁ'?g%okai ARREHIBY thel ddsEiptisirast SittaBd Vel nsiidesdhil ititde 0-13-
by the claims which follow, that scope including all equivalents of the subject
etc.)mktte bR ERinM el and BE)Claitnaiyyi RlarsBr &t htgnyigintended to mean
specification as an embodiment of the present invention, Thus, the claims.
that ghe SURIFFier!BRSEH i GFIMHACar H(CHRHBR éStRe eFFBbEerRe B afigmatives are
. present invention. The disclosures of all patents, patent applications, and.
interls i RNt B AIR ArRSHIBY iNEGIPEAY biPFRT U ES (MR igStelteludes,
_that they provide exemplary, procedural or other details supplementary to |
ha“’ﬂgo%?sél‘?é‘ﬂt?ﬁé‘ﬂ&ﬁ?“@@ddﬁ,&fm@%ﬁ%&% RLiRREP T eI 8YGB @b F onsisting of,
selectively hydrogenating a highly unsaturated hydrocarbon to an
CONSIOSET SR %&‘%EBPHHFF%HL} Hami Ly Rtatifng in a reaction zone under
drogenation conditions a feedstream comprising the highly unsaturated

[0073% rocar B Rath-d et eRY & T IYBIRSHORASI CHIRITS: R b SRS R fifh At above

chlorided catalyst support, wherein a fouling rate of the selective .
but 5y Brbe dsh Rathy <l IQB%BB]L&V%%%&%‘?H%‘&&IH%%RQ iy epiteol the

.of an otherwise similar selective hydrogenation catalyst having a .
S“bl??éﬁr-’éﬁﬁirﬂfélilecﬁ?ﬁa\l%t kg 6?flelﬁ’(8@fﬁ %%‘Q‘Eﬂ%ﬁ?dl&%ﬁ’ﬁ%ﬁgﬁfﬂeﬁgm as an

method of claim 1, wherein the selective hydrogenation catalyst is produced
embgdmept ol gé?ﬁﬁﬁsm‘éfflﬁma&ih&’a??‘?ngﬁé@ﬁiérgaal %T“ED BpuTERiiag 4nd are an

.chlorine-containjng compound to form , ,
addition to the em%odlrgents 0 tﬂe present mvention. The disclosures of all patents, patent

applications, and publications cited herein are hereby incorporated by reference, to the extent

that they provide exemplary, procedural or other details supplementary to those set forth herein.
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the chlorided catalyst support; subsequently removing at least some of the

chlorine-containing compound from the chlorided catalyst support to form a

clean chlorided catalyst support; and subsequently adding palladium to the

clean chlorided catalyst support to form a supported-palladium composition.

3. The method of claim 1, wherein the feedstream is a product of a

hydrocarbon cracking or pyrolysis%?o%@.@. 4. The method of claim 1,

wherein the highly unsaturated hydrocarbon comprises acetylene,
Whatjsghimeytene, propadiene, or combinations thereof. 5. The method of

claim 1, wherein the feedstream further comprises carbon monoxide. 31 6.
L Thé niBeias op LIRS Ve ARiATaRs e D B AR e rakehiindiesarbon to an

feedstream in an amount of less than about 0.15 mole % based on the total
unsairted of YFRAAT Y I SOPBRULIB AFRMACHRR MethdG5FERIAPIS WHEFEINYHE genation

reaction zone has a temperature in the range of from about 5C to about 300 |
condiigns i SHETHBMbCOmPHS NGy BFeHERY reRtaiBR s gnBYHERCATBras AR f feective

range of from_about 15 psig to about 2000 psig. 9. The method of claim 1, .
hydrﬁ/%Fé%%iﬂ‘%h‘@%&&iSﬂ%%??éﬁ%@dﬁ‘fﬁo%ém%f%?%)&é?éﬁﬁ SRRYTEnEheHB A fouling

unit and the feedstream comprises hydrogen and acetylene. 10. The method .
rate of dhe el cie AT asrmafomaa Y ﬂyﬁr&b%eﬁ%aﬁé) RETSSAt sy A thsy fouling

from about Q.1 to about 10. 11. The method of claim 1, wherein the reaction

rate ohRe RIBCEY i SN ROV i AN KBS gy i iRt dgd catalyst

frontend ﬁile(propanizer acetylene removal unit, or a raw
support under like hydrogenation ¢onditions

2. The method of claim 1, wherein the selective hydrogenation catalyst is produced by a
process comprising:
contacting an inorganic catalyst support with a chlorine-containing compound to form
the chlorided catalyst support;
subsequently removing at least some of the chlorine-containing compound from the
chlorided catalyst support to form a clean chlorided catalyst support; and
subsequently adding palladium to the clean chlorided catalyst support to form a
supported-palladium composition.
3. The method of claim 1, wherein the feedstream is a product of a hydrocarbon cracking
or pyrolysis process.
4. The method of claim 1, wherein the highly unsaturated hydrocarbon comprises
acetylene, methylacetylene, propadiene, or combinations thereof.

5. The method of claim 1, wherein the feedstream further comprises carbon monoxide.
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gas acetylene removal unit and the feedstream comprises hydrogen and

acetylene. 12. The method of claim 11, wherein the mole ratio of hydrogen to

acetylene is in the range of from about 10 to about 3000. 13. The method of

claim 1, wherein the reaction zone is a component of a frontend

depropanizer acetylene removal unit or raw gas acetylene remaoval unit and )
6. theTflé%&qu%%drpchﬁ%iéem;&%&éﬁ Geom StRpRddey e mEcseal Fhdmiggdstcam in

of claim 13, wherein the mole ratio of hydrogen to methylacetylene is in_the

an JRaHRt Sl dBattdedtaBdar 509, B2brsedng aniotrbmetiih f wnididnin the

the reaction zone is component of a frontend depropanizer acetylene
feed3lRfal unit or raw gas acetylene removal unit and the feedstream
comprises hydrogen and propadiene. 16. The method of claim 15, wherein
7 thelMoRTRY O KRB tieFHopRGIEFE IO APRe Pande'ePReifdBditBdanse of
about 3000. 17. The method of claim 1, further comprising recovering an
fromghquie S ¥mMPPising ethylene and less than about 5 ppm of the highly
unsaturated hydrocarbon. 18. The method of claim 1, further comprising
8. rechlemighed efitlaif duddirHAVRy SHOIN 6696 RssERuSHIERdWhREfange of from
compared to the amount of acetylene in the feedstream. 19. The method of
about Lapsig Ao RO ESRIDRSHEy regenerating the selective hydrogenation catalyst.
20. The method of claim 19, wherein the selective hydrogenation catalyst is
9 regEeraedyh 4iGhatiot e PreSeioBrYadscanipRERRBkRjef, backend
21. The method of claim 20, wherein the calcination is carried out at a

acet}/éqﬂ?)émY@l HBL ﬁn(ég&%g%e@%tge@@épmpnses hydrogen and acetylene.

10. The method of claim 9, wherein a mole ratio of hydrogen to acetylene is in the range
of from about 0.1 to about 10.

11. The method of claim 1, wherein the reaction zone is a component of a frontend
deethanizer acetylene removal unit, a frontend depropanizer acetylene removal unit, or a raw
gas acetylene removal unit and the feedstream comprises hydrogen and acetylene.

12. The method of claim 11, wherein the mole ratio of hydrogen to acetylene is in the
range of from about 10 to about 3000.

13. The method of claim 1, wherein the reaction zone is a component of a frontend
depropanizer acetylene removal unit or raw gas acetylene removal unit and the feedstream
comprises hydrogen and methylacetylene.

14.  The method of claim 13, wherein the mole ratio of hydrogen to methylacetylene is in

the range of from about 3 to about 3000.
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22. The method of claim 1 wherein the lifetime of the selective hydrogenation
catalyst is increased when compared to an otherwise similar selective
hydrogenation catalyst having a non-chlorided catalyst support. 33

15. The method of claim 1, wherein the reaction zone is component of a frontend
depropanizer acetylene removal unit or raw gas acetylene removal unit and the feedstream
comprises hydrogen and propadiene.

16. The method of claim 15, wherein the mole ratio of hydrogen to propadiene is in the
range of from about 3 to about 3000.

17. The method of claim 1, further comprising recovering an effluent stream comprising
ethylene and less than about 5 ppm of the highly unsaturated hydrocarbon.

18. The method of claim 1, further comprising recovering an effluent stream having about

90% less acetylene when compared to the amount of acetylene in the feedstream.

19. The method of claim 1, further comprising regenerating the selective hydrogenation
catalyst.
20. The method of claim 19, wherein the selective hydrogenation catalyst is regenerated

by a calcination in the presence of a gas comprising oxygen.

21. The method of claim 20, wherein the calcination is carried out at a temperature not in
excess of 500 °C.
22. The method of claim 1 wherein the lifetime of the selective hydrogenation catalyst is

increased when compared to an otherwise similar selective hydrogenation catalyst having a

non-chlorided catalyst support.
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