WD 2006/ 044005 PCT/ US2005/ 025606 SELECTI VE

HYDROGENATI ON PROCESS AND CATALYST BACKGROUND OF THE

I NVENTION Field of the Invention: The present
invention relates to the selective renoval of
Aur09d/@Hios  conpounds from hydrocarbon st r edh€8/UsgH0RER5606
specific N -based catalysts and the process of making
the catalysts. The process is particularly useful in

cl eaning up MAPD (nethyl acetyl ene and propadi ene)

and acetylene in crude m xed olefin streans or

phenyl agef yCengE HWDW@@ENML@MW@@Ewmm@m@\w@m ve
hydrogenation in the presence of the Ni hl?ased

catal yst. Rel at &RGHEBRHY OF %%NY%’PW@ npurities

stghoAscaorlybene, nethyl acetylene, vinyl acetylene,
ethyl acetylene, and 2-nethyl-1 -buten-3-yne are found

| n vaThQ)LJ?s“e%Qﬂﬁd@Vﬁﬁ’t@d reiates5 1o dhe esphestive ofemvahifeagsiylenic
pr T Bwf%q{gar Gk sSHQH%@Ee&ﬁ#'Wi -BR&d catfalgsts and the

I 'ene an |sopr ese acetylenic
prqmass of eskingdbe tatalysts: ehmvpdcads i particoianly mseful osgeafing up

%Iﬁ’s(% My! %b?’c fe%c I{Eﬁhﬁarggmeﬁe) 'anc‘? a’cetg el?ﬁé |ﬁ3§gﬁee nlwir?(de pleﬂn

propy Iene I eéne, "I Soprene an
Ebearex anp‘hemyla]:ef?ﬁdmetladrmeetyrenaatreermmby sglectivavinydrogenation in

teri al varlous pol yners such as
g%?@&?@ﬁ? @?@th%%g%ﬁ§ One of the processes for
kaﬂgﬁwmgnbnambutadlene is co- production of various
ol efins st eam cracki n etrol e ﬁ?Ct ons

f T
crude® ?ﬁt%é@'céﬁ}pg?ﬁle@awch o¢§’£}§ progeca cﬂ?@ gne, vinyl acetgﬁene

S8\esdatWel &/ and Y HiSBEAbEEN 130y RAE foaht ih V=RIBRY Erudé mixed C,~Cg
acetyl eni c conpounds. The selectively hydrogenated

strpaBn 05 ex@Rplet’ ﬂﬂwafuéa%tmsé&@é@{@srS@eB\ﬁér%igm‘ﬁn% propylene,
Wiek®n2dniesbpreRE! Maeks \é%e@leﬁtd in@H:é@”né&mebél WeRodEwith a

used to separate 1,3-butadiene fromthe rest
sonpBiteless of ihe Heel risdnist palgrpls Sbe-v eifyleagt P%RPMG\V‘@ butenes,

ALskldnl Fsbﬁr%né%n@’ﬂﬁ’@ﬂ%é ve to operate and energy

consunption 1s intensive. Conplete renoval of C4
acet yFemndamperpbdduiadiend isears mpsaianivav msitegiiel used do drgduce

%mogju gqo%&g'sﬁ{:]ﬁ %%f@?@{)@yﬁtgﬁ% rcgg%l Lo (5@(98?1%61:[5}8068868 for

I'on”" Cos
prceimmmm ‘qBHh)htetd}emrledlsnemroﬁmﬂopabfywmeouqaokeﬁumbymheam cracking of

CaNR Sy Do et Ryl Eren it aaBRRT Rl  Sorectively
aymgmﬁatb@r ts epartaliywv eerhyly @yenadtylomc wdnivastinds. The selectively
H'{) r%gxg gglss(reg!’nglhs ls@r?tstootfhe 1 % butadiene recovery unit where solvent
extractive distillation techniques are used to separate 1,3-butadiene from the rest of
components in the mixed stream. Solvent extractive distillation is expensive to
operate and energy consumption is intensive.

Complete removal of C, acetylenic compounds in the stream with high
recovery of 1,3-butadiene is highly desirable to reduce the production cost of 1,3~
butadiene and produce a premium quality product for polymer production. However,
formerly it was technically impossible to completely remove C, acetylenes in crude |
mixed streams by selective hydrogenation without unacceptably high loss of 1,3-

butadiene due to over-hydrogenation of 1,3-butadiene. Therefore, an improved
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because the deposition of heavy carbonaceous materials on the catalyst occurs
quickly, frequent regeneration of catalysts necessitates multiple reactors.

Ni catalysts in any form are very active catalysts for selective hydrogenation
of acetylenes and dienes. Accordingto R. S. Mann et al. (Can. J. Chem. 46, p. 623,
1968), Ni and Ni-Cu alloy catalysts are effective for methyl acetylene hydrogenation.
The catalytic activity rapidly increases with addition of copper to nickel up to 25 wt.
% in alloy catalyst. The selectivity to propylene and extent of polymerization

increase with the increase of copper in the alloy. Nickel-based catalysts have been
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Component Range of component Preferably
wt. % wt.%

Ni 3-15 4-11

cu | 0-1 0.01-0.6

Pd 0.005-0.2 0.01-0.1

Ag 0-10 0-5

Group IA 0-25 0-1.5

Group 1A & B 0-25 01-56

Where the weight % of the active components are based on the total weight of active
components and support.

A promoting amount of Pd means an amount less than 10% of the Ni present.



Goup IAO - 2.50- 1.5 Goup IAA&B 0-25 0.1 -5
Where the weight % of the active conponents are based
on the total weight of active conmponents and support.
A pronoting anmount of Pd means an anount |ess than 10%
Y0 1RE0M0Spresent . 3 WO 2006/ 044005 PCT/ US2B0H/RRS613606
DETAI LED DESCRI PTI ON The catal ysts are useful for

hydr ogenati on reacti ons such as sel ective

hydr ogenation to remnmpve tylenic inpurities in

various m xed st rean%EUf\ﬁég’ gE%ﬁBngpé\If, ns, diolefins

and stmée@ﬁalya@daﬁydé&gnefbatnﬂfbg@%a@&ﬂzmlohg such as selective
cycl ohexane.  Passing a m xture of a hydrocarbon feed

Jideagenatinh RyameYye AC AenICHTBYiesdn variauaInjiked sireames ofdm — C1
2 sOldidle ! %ﬁ& Rfreh¥0z 58t {1 Egbﬁatro%aeﬁ b@ﬂzéw%n%s cWibKdkane.

carries out ydrogenatlon tions such
duiseti ¥ enikyigy of@nbydroerrosn desst girearn candcbqumgas Abrough a

eﬁ’¥t rb%ctl; F\%‘hbcﬂ? ai%{?gﬁysk(/vocgﬁ]%@{ﬁre%@ ?c%r’?e!sy\%ick%arries out

er ent & sel Ive
derqg@eaMn ora¢tonsasuitedasodite i selectiser fﬂ)@&'ogﬁnaﬁm of acetylenic

11y t
FRARERA, PR DA BR S P SRR ol a8 ¥ Bl v
anathiynb@illf tk@rselé'chaepmdmlnamorefsfmmaj ofit iarsgasvias of two Catalyttc
TP ER 208 oot ARRSe LIS oB R Rl By coman cu
cat alpydreter %aatm@mmron%@rp@:saﬁugre"ﬁécise@lf or@ahi@emésrcégtans and

catal ytic reactlon ortion of the cat
{FANT MEECUEG CampPYRdS f'éaf@ﬁw??e'z:@i?évat%p@mww% Uethg second

%%ﬁmb@é’ctfoﬂrzohﬁ%re RELISAREH T thEBiktichizBgic rd&&@ion zone. A portion
nprovenent made for the hydrogenation process in this

.%V@n@qtaﬁsﬁ I3 the YReratallieearianapners smgheed aéé@\wafdybeeﬁfor the
tp'@ﬁso%ﬁé Wlph é@rTﬁ’é PnptUGdméR mib‘éerr AL Bl ené’t!o‘ﬂéﬁé d48in this

hose processes on  convent |
A vEkREPn f&:étgaayge@cwtywriv@mnr@ﬁfaderspaf thedisafulbmstedals such as

i urgJ é’l%ﬁr?s H‘é‘?mgor%%ﬂ{ ythgrp hgsé @%ﬁ%%geéts:tfésb@ on %omfﬁﬂgnal nickel

I'ene strearh can f enove
$etaé><stts cyre:onhyrdmgéw&mad oIm- Wi&ehi da!rtajhéﬂr Tfefc@y@crqzylemlc lmpuntles in

%P(g(%g (%mm{tgdlé#%er S ﬁfgfan Gﬁﬁplgtﬁyyagﬁmg d arsglectlve

emlydmgaaa’mamwcbm higher edcotvary ofe3- batatileme ialitisd pfdsami ;mncess than
unms

resul ting er an aper_.separ at
G058 ok e 8 Th e e i RaeTier A cHRGA0as 4T i of o
iextrpetivel distliiatidy colaging| rdsarting @eivipng MMARID caheAs&iarhtimeof 1,3-
in %r ude .
butadiene from the mixed stream.

The catalyst is particularly useful for removing MAPD or acetylene in crude
mixed C, - C4 olefin streams and phenyl acetylene in crude styrene stream by
selective hydrogenation. Methyl acetylene/propadiene (MAPD) is not a compound
but covers the unstable compounds methyl acetylene and propadiene which may be

depicted as follows:

H H H
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0.7 mmto 1.5 mm. The preferred alumina is alpha, theta, delta-alumina or a mixture
of these, which have BET surface area, preferably from 10 to about 75 m2/g.
Additional optional elements are any elements from Group | and Il in the Periodic
Table.

A preferred support is aluminum oxide, which contains mixed oxides of
MAI,O,4 with spinel structures, where M is any divalent cation, such as Mg, Ca, Zn,
Ni, Co, Cu, Mn, etc. Also, up to 30% of aluminum in mixed oxides can be replaced
with Ga or In. The content of spinel in aluminum oxide support can be any amount,

but preferably from 0.1% to 50%, most preferably from 0.2% to 20%.
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For the fixed bed operation, a solvent is fed to the reactor together with a
hydrocarbon feed stream and hydrogen. Optionally a solvent is occasionally co-fed
to the reactor with hydrocarbon feed. The solvent is recovered from the reactor
effluent stream for the recycle. Still another option is, after interrupting the

hydrocarbon feed, washing the catalyst with a solvent attemperature from about 100
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where M, = mole of MAPD in product stream, Mg = mole of MAPD in feed stream.
It should be noted that the selectivity of MAPD decreases with the conversion of
MAPD due to over-hydrogenation of propylene to propane.
Control Example 1 (Conventional Pd-based catalyst)

A commercial eggshell type Pd catalyst supported on alpha-alumina (2.5 mm

spheres) was used to remove MAPD in a mixed C; stream by selective

hydrogenation. 40 grams of the catalyst were loaded in a vertically mounted up-flow

7



feed stream are sel ectively hydrogenated, propylene is
the desired product to be recovered fromthe product
stream The followi ng mat hemati cal formula defines the
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EQE% S f eJ b% Cne £an be etey n ong € Two

A SIBlEEE PO e T (g Cﬁea*%@} He BT M

ftﬁémrbc@uples@lt eeth\ ?MI{/%D %e(d?sll%lys‘t z02 xreliabtalledOo eontrNPtlhe reactor
SLream, = ol e

R oRtiren TRty st aoieRE R SEh R Raving Fyizp phe: 350 co

sedregihldstiyr @ho%Pﬁrﬁeﬁ@cﬂasgﬁyWo?Bnéthﬁ deBDSﬂnQ@nt%fs inaC,
MAPD due to over-hydrogenati on of prop ﬁl ene

JPED e eGRCPBIe ke 6ot TDRSAFHti R IR ERgen flow rate

CHt RdriSE0 td 190 MIRAGing uﬂ@l&sb% ?S@Rﬁaip@aﬁt@' r¥sdure. The feed
supported on al pha-al um na heres) was used

t@MREIREY &7 RAPH! ‘Vmp@pw&,éﬂii?@vt %tm@raaﬁlw §e118utti% gropylene, etc.
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RETE260 8/20 PEBG6 thastadii keginnineeithe catetystierdl. Tbataroperatures
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N I -
W@/r}m% 41? lESeso!e B af tﬁfa aa\,/ém@% s/eterce\am orf/asAh Ig[artd; pmpfyltwe.
at a fixe 0 m. n ogen fl ow
rate of from o[ée I@@éﬁPPﬁ(Wt‘BH%yd é‘ryﬁ ig total
r eact Wnoﬂfe@%@ﬂfn%ro@h@ggfsﬁ@m typewagigy?gd \Asffvt/% @&pp%rte% on alpha-

ene % pro
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than at the begi nnin e cat al ¥st bed

tile Hiseyataireastor aﬁed wégﬁwﬂ%‘éﬁ@mp&m v@wecai@msttvesmsvata@ inan
t@&wt%@ﬁm%nérh@ tf?@b@hﬁf tE)@%ﬁ)l@ﬁ‘dTﬁ%%‘ltectt\l%of "F'(f%etnléﬁon of MAPD
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liImgteldpsi in threplamelfeeqfh@edavém@@@nm@amie énwap reatriasl out at a

REALIGS O PENER JRDRANIG A0 IR B s
Mﬂ@@r 830 psipythlenector pressure. The temperatures of the hydrogenation were
about 135°F at the end of the catalyst bed and 68-70°F at the beginning of the
catalyst bed. The test result is listed in Table 1. The performance of the catalyst
was inferior to the palladium catalyst in the Control Example 1. The average MAPD
content in the product at the highest MAPD conversion was 57 wt.ppm MAPD with
34.7 mole % of the average selectivity of MAPD to propylene.
Control Example 3 (Non-Invention Ni-Based Catalyst)

A Ni catalyst supported on a transition alumina was prepared. A gamma
alumina trilope extrudate (1.3 mm diameter) was calcined at about 1000°C for 3
hours in air. A solution of nickel nitrate was prepared by dissolving 183.6g

Ni(NO;),.6H,0 in 300g water. 300 grams of the calcined alumina support were
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Control Exanple 2 (Conventional Pd catalyst) Another
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cata

I T e R o T N,
catrahyStuppas Acluvrtiedrainalds®fechRiqdeasasatn n fl ow of

a gas The gamma-alumina (1.3 mm diameter trilope extrudate) support used in the
Control Example 3 was calcined at 1100°C in air for 3 hours. The calcined alumina
had 96.6 m2/g BET surface area, a total nitrogen adsorption pore volume of 0.622
cc/g and an average pore diameter of 27.7 nm. However, this calcined alumina was
not used to prepare the nickel catalyst. To prepare the nickel spinel containing
alumina support, 1 wt.% nickel was deposited on gamma-alumina and then was

calcined at 1100°C for 3 hours in air. The spinel containing calcined alumina had 26
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m xture of 33 vol % hydrogen in nitrogen for 1.5 hours
and then for 3 hours at each 670F and 770F by passi ng
350 cc per min of pure hydrogen gas. The sel ective
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Example 5 (Invention)

This example demonstrates the preparation technique of a nickel-based
catalyst promoted with copper and palladium supported on a nickel spinel containing
alumina sdpport. Double impregnation technique was used.

To prepare the nickel spinel containing alumina support, 1 wt. % nickel was
deposited on the gamma-alumina used in the Control Example 3 and then was

calcined at 1125°C for 3 hours in air. The physical properties of the spinel containing
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The dried product was cal cined at 350C for 2 hours.

Anot her m xed solution of nickel nitrate, copper

nitrate and palladiumnitrate was prepared by
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€ Ca PeaAn
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of this catalyst was superior to the catalysts in the Control Examples 1,2 and 3. The
conversion of MAPD was 100% with 64.8 m % of the selectivity of MAPD to
propylene.
Example 6 (Invention) ,

This example demonstrates the preparation technique of a nickel-based

catalyst promoted with copper and palladium supported on a nickel spinel containing

alumina support. A single impregnation was performed.

11
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support were placed in a rotary inpregnator and then

the m xed solution was poured on tunbling alum na
extrudate support in the rotary inpregnator. After 15
mnutes cold roll, the content in the rotary
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éa@ adoer or nanc i s catal YSt was syperl or
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COMVBES %}e%mM%Dd?oV@% o’e%)a@d/\ért &&égée:pdré %f@a%etém 14.8nm. The

selectivity of MAPD t pro yl ene
enalyeinpf ‘ib]ﬁ)CatHW% Ir@mm tee i W%ltfpﬁé be* sh3e Bt Ogtp Wt.%

HeChi SIH84 Wi"aPB” ckel -based catalyst pronmoted with
copper and pal adi um supported on a nickel spinel
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gahdh ned Mldwyenafidwaeate of from 20 to 105 sccm/min under 380 psig total
reactor pressure. The temperatures of the hydrogenation were from 118 to 133°F at
the end of the catalyst bed and from 70° to 80°F at the beginning of the catalyst bed.
The test result is listed in Table 1. The performance of this catalyst was supetior to
the catalysts in the Control Examples 1, 2 and 3. The average MAPD content in the
product at the highest MAPD conversion was 5 wt. ppm prdpylene with 53.6 mole %
of the average selectivity of MAPD to propylene.

Example 7 {Invention)
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F?&:T q—.srz? %olﬁ)o Zg\%ﬁqga-é orb]at{e gwenﬁ)rg‘ﬁ(lm P 1595%0&0& with the second

mixed solution was performed in similar manner. The dried impregnation product
was calcined at 380°C for 2 hours. Based on materials used to prepare this catalyst,
the active metal compositions on the support are 9.96 wt% Ni, 0.57 wt % Cu and
0.09 wt% Pd. The finished catalyst had 59.3 m/g BET surface area, a total nitrogen
pore volume of 0.457 cc/g and an average pore diameter of 31.8 nm.
40 grams of this catalyst were loaded in the same reactor used in the Control
Example 1. The oatélyst was activated in identical manner to the Control Example
3. The selective hydrogenation of MAPD impurities in the same feed used in the

Control Example 1 was carried out at a given constant hydrocarbon feed flow rate
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catal yst pronoted with copper and pal | adi um support ed
on magnesi um spi nel alum na. A spheri cal

gamma- al um na (1. 64 mm spheres), whose physi cal
properties are 145 nez/g BET surface area, 0.925 cc/g
Voo zlbe/miseosogen pore vol une and 21.6 nm averBJaUP@SE25606
di aneter, was used to prepare nmagnesi un-spi nel

alum na. A magnesiumnitrate solution was prepared by

di ssol vin grans of NQ3) 2, 6H20 2 ra ,
Gt BT BB g BEGen TGH A A TR St VRS SOt 239 Peig totl
\A%]éc"tbrt é%ur@@ﬁ@%rﬁ‘ﬁ@rﬁﬂu%@f%éﬂ%&%g@rﬁbtuoﬁfvbeﬁé fldhy1dto 125°F

regnated al um na at abou for 2 hours

phthecideaf The oalabist et arshirem iito? T e Poginang gh e catalyst
8ad tnenat regtﬂ'tE’%ﬂsfeQirlnzTMé‘ﬁs THR @érforﬁw%n@é %F’%@ cbfé@yst was

rmgne3| unt spr nel Fal’uni na support support had

80periargio /tge Bafensam fnaibe Gonde)] Eaatr@tez&l T R endger hpaogversion of

f r of
$OT R egd i B s RRR PR RO PRRL S 0y
nitrate was prepared by dissolving 9681 grans of
Ni (NO3) 2. 6H20 and 4.11 grans of Cu(N03)2.2.5H20 in
, 300 granms of water. 274 grans of the
magnesi um spi nel l alum na were placed in a rotary
i npregnat or and then th(:;f?% id sol uti on was poured on
the support. After s cold rolling, the
content in the iHmét@gnat EFrowas dri ed R\éco&btwdf ZO%Iénnvnty
bl ow ng hot air_into the rotar'¥1n'pregnab Aﬂe dri e
product was cal¥GcA¥dIN: METde Fodr two Ko ot héW

@dﬁ%[ sedHpieon ofmj ckel qitratg, coppeyi Bltrate and438
adium nitrate was prepared by dissolving 54.8

g}oaﬁﬁl Bramplero3) 21 8H20, 2732 grfnms of T&LENGB) 2. 2. 5HED'
a0 @g%,g%ngs of Rd(NO3)@. xH2Q) (42. 8 y§1 % Pd) in 30833

gr ans Second i npregnation of the first

Exprpgméat i on pr odUit witH the second M4@d sol ution’6:4

ormed in | ar nnerg The d

%pmz)gngatl on proda’ilco{n vvasdTgaI Ci ned at g%()?: for 2 64.8
rEozarrs)Je Based on ntliferi al sS5used o prepé®®Sthis 53.6

t al t he act nmetal comnpositio n the
Eiphes "are 9. 96 vég%Nl, 57w 9% Cu dHE 0. 09 wt o 628
Pd. Thewt. ppmshed catal yst had 59.3 Mg BET surface
area, .a tot ni trogen ol une, of 0.457 cc/g and
an avér a@%ﬁe@m% 3'%&”@%5%% O8TGRHE"%0 grans of this
catal yst were | oaded in the sane reactor used in the
Control Exanple 1. The catal yst was activated in
i dentical manner to the Control Exanple 3. The
sel ective hydrogenation of MAPD inpurities in the sane
feed used in the Control Exanple 1 was carried out at
a given constant hydrocarbon feed flow rate
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13 WD 2006/ 044005 PCT/ US2005/ 025606 of 4.5 nil/mn
and hydrogen flow rate of from50 to 80 sccnim n under
380 psig total reactor pressure. The tenperatures of

t he hydrogenation were from 120 to 125F at the end of
the catal yst bed and from 88 to 92F at the begi nning
of the catalyst bed. The test result is listed in
Table 1. The perfornmance of this catal yst was

sOpsimsor to the catalysts in the Control Exanples 1, 2
and 3. The conversion of MAPD was 100% wth 62.8 in %

of tRe ckl.v oRy I

ki o pradoe: acely MARRRIR! AR @ o B Yegtpygeriay

PA" hgBidgerfate 4id ém%nlc Compowlds Ex ﬂﬂipioﬁreépolxﬂ!&g&o&pb@ﬂdsﬂlavmg

Cont r ol 2 110 57 26 101. 0 34.7 Control

F&I@Sﬁ%ﬁ@%%l s@idg gcetylenig o pynpoundg 7equpyisigy Ni- with a

76. 4ok 7 0 e 0}

15 AP MBI P PR 38,y AR ol Ser® whieh

bas eontains cmm@ér@udm of MABD:t withbrsppel snactuﬂes @HmrenM is any

1. ?wa?en Q{St for selective hydrogenati on of

acetylen U8 at | east partially hydrogenate said

acetyl eni ¢ conpounds to the correspondi ng conpounds

I’IBVIT’I@ cdtfigs atwéiﬁinlgft@t ¢18ih 1 h@Rersidl e 36F%0H B8 BET surface area
ounds conpri Si wth a pronoting anount of Pd

dep oM dgubH) T{h]lg@num oxi de support, which

contai ns m xed oxi des of MA1204 wi th spi nel

r

?a ¢ gm)?g(tga%agcsé\(l)%ag(lﬁggl%t ’38 %1?5 \ghé\kﬁhetﬂé sﬁ}?ﬁ] P Has %ET g.lﬁface area

BET freur #bmue] 2067 m¥/gom about 10 to 100 er/g 3 The

catal yst according to claim2 wherein the support has

ET urf
% The' ¢ yst accordmg to claim 1 wherein the support comprises alumina

prepared by calcining at a temperature from about 900 to 1250 °C.

5. The catalyst according to claim 4 wherein the support comprises gamma or eta-

alumina.

6. The catalyst according to claim 1 comprising 3-15 wt. % Ni promoted with
0.005-0.2 wt. % Pd.

7. The catalyst according to claim 6 wherein the support has BET surface area
from about 10 to 100 m*/g.

8. The catalyst according to claim 7 wherein the support has BET surface area

from about 12 to 75 m 2/g.

9. The catalyst according to claim 6 wherein the support comprises alumina

prepared by calcining at a temperature from about 900 to 1250 °C.

10. The catalyst according to claim 9 wherein the support comprises gamma or eta-

alumina.
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fromabout 12 to 75 n2/g. 4. The catal yst according to
claiml wherein the support conprises alum na

prepared by calcining at a tenperature from about 900

to 1250 C. 5. The catalyst according to claim4

wherei n the support conprises ganmma or eta- al um na

6. The catal yst according to claim| conprising 3-15

w. %N pronoted with 0.005-0.2 wt. % Pd. 7. The

ciat alhéSdataae Q&éﬂrﬂﬁﬁgtt@ Ghigd mfﬁmmé}%ﬁifeisinlgeat%w%% ddAponent
BET surface area fromabout 10 to 100 n2/g. 8. The

cat 8¢l6ed fHem dhaigrawp eonsidtinigof 9.0nhwt. & ponnss QP avtt Yohde 0-1.5

BET sur, t 1 7 9. The

o VIEREEH e’ (R w05 M Bt Member o
conproupe$A ahdifiiBra prepared by calcining at a
tenperature fromabout 900 to 1250 C. 10. The catal yst

cording.to claim?9 erejn the support conprises
8‘ e Sé?%fé}ﬁg ﬁ%.mi@ o] ﬂ"?rernhfée suprary 8es BE ovglargyarea

to gbald¥blt fotbtinem?penPri sing at | east one conponent
sel ected fromthe group consisting of 0.0-1 wt. %

copper, 0.0-10 wt. %Ag, 0-1.5 of at |east one menber
df. Ghesetalyat aegerdiog o 2Bimt 12 vheakinathe Iseput bareBEEndveface area

of Q [ dd1B. 12. The catal yst according to
cl aﬁ%f¥8%1$8?EW% support has BET surface area

fromabout 10 to 100 nR2/g. 13. The catal yst according

tld. dhai datalydt \Waedréing toh€lagit PROKhelas tIREJuppertl asifipriddes alumina
fromabout 12 to 75 nR/g. 14. The catal yst acgording
t 0 KIEBATRY 2 CRAFBIG & PP g ayporem @bors P08 de 123016 na

prepared by calcining at a tenperature from about 900

18, ¥ Qafalyst §cco-1r<ﬂﬁ% GelRli¥STa %Qf?:flfjhﬁgsu&)i}%t? [ac-%igl{gbir%nésn gamma or

wherei n the support conprises ganma or
16. etFakingnd.al yst according to claim 11 wherein the
catal yst conprises 4-11 w. % N pronoted with

01:;0.1 Pd wt. % the catalyst further conprising at
T8ad1shel Hipetttamte SaiBod lierpifa Rgviyfomprerses -1 we. o
consi srotideedokitl001-0)1 BdWwht. 2aIEORRAYst fidtHr Bomprising at least one

component selected from the group consisting of 0.01-0.6 wt. % copper, 0.0-5
wt. % Ag, 0.0-1.5 of at least one member of Group IA, and 0.1-5 wt. % of at

least one member of Group IIA and IIB.

17. The catalyst according to claim 16 wherein the support has BET surface area

from about 10 to 100 m*/g.

18. The catalyst according to claim 17 wherein the support has BET surface area

from about 12 to 75 m?%/g.

19. The catalyst according to claim 16 wherein the support comprises alumina

prepared by calcining at a temperature from about 900 to 1250 °C.

20. The catalyst according to claim 19 wherein the support comprises gamma or

eta-alumina.
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w. %Ag, 0.0-1.5 of at |east one nmenber of Goup IA

and 0.1-5 wt. %of at |east one nenber of Goup Il A

and 11B. 17. The catal yst according to claim 16

wherein the support has BET surface area from about

10 to 100 nR/g. 18. The catal yst according to claim 17
wherein the support has BET surface area from about

12 to 75 n2/g. 19. The catal yst according to claim 16
WhET &i Procéss  StRPIREHvelP MYdt SRfatdlglU BtdMleniB! SRAPSEHIPYeomprising
calcining at a tenperature fromabout 900 to 1250 C

20. cqnactingsgidascetylpmioeampryntswith aicatalyst adeerdspgitordham 1, 6, 11

SUPRPRE ; j -al.ymna,. 16 21. A

o DRE1 BN ES58: SRR PSR Be oo s
conmpoatnldast pantiplly &g gerctniad histgesiabsmpagidy te fieCcorresponding
compounds with a catal yst according to claiml1 , 6, 11

or remPRundsbaype less E%S%ffatﬁgm%@%d ihsthdenic spraPeYdss of
tenperature and pressure to at |least partially

hydr ogenat e said acetyl enic conpounds to the
correspondi ng conpounds havi ng | ess unsaturation than
said acetylenic compounds. C 17
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