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Hydr ogenation of Al kynes and Catal yst Therefor BACKGROUND OF THE | NVENTI ON
Fi el d of woaksMenti on 5 The present invention rel ates toprChasspdmeti ve
removal of nore highly wunsaturated conpounds from m xtures of unsaturated
conpounds. More particularly the invention is concerned wth the selective
hydr ogenati on of acetylenic conpounds fromm xtures with dienes, such as

1, 3- but advrRhd.728(/Q%hvent i on provi des both novel catalysts and process for
the sel ective hydrogenation of acetylenes in adm xture with 10 other
unsat ur at ed conpouRueces®Far S¢lective Hydrageratigroof Alkyngspand cat al ysts and
pal | adi um cat al ysts have been preferre cat.al ysts in cleaning up
acetylenic inpurities in olefin ?@?ﬂXﬁngﬁmférect i ve hydrogenation. Copper

catal ysts selectively hydgagKGREOUNSOR TAECINERPHYNS 15 w t hout
substanti al hydrogenation of the olefins and diolefins (designated herein
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catalysts. To inprove olefin selectivity of palladiumcatalyst, 20 sjlver
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Fr 1 253 fo‘%ﬁn(i}t%?é’é whh 3fersedidigs ﬁ@gﬂ%diegé.af%?}nvfeﬂfioﬁgkﬁﬁ esifoth novel

hydr ogenation orf acetyleni ¢ conpounds 1n diolefin or nool efi1n streans.
The sel eatatalgstsiapdiprgesss foothevseteaime hydbgenation ot agetylepba readrBigtire with9. 999%

purity copper wa upported gn high surface area (25-300 n2/g) supports
sﬁih as gﬁﬁﬁﬁ%ﬁ%ﬁ%&%%‘%ﬁﬁér content of the catalyst was in a range of

5 to 20%RdBRCRIGYatlon™y contain less than 0.1% other netals (based on
metal content of the catalyst) such as Fe, Ni, Ru, Rh, Pd, Ir or Pt as
pronot er. The Suppartad, eopgen catalysts end veadladium icatalysts have beerh prefieotedand
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15 without substantial hydrogenation of the olefins and diolefins (designated herein as
selectivity for retaining olefins), but have relatively low activity and short cycle time
due to primarily polymer deposition on the catalyst surface. Palladium catalysts have
excellent activity and much longer cycle time, but lower selectivity for the acetylenes
than copper-based catalysts. To improve olefin selectivity of palladium catalyst,
20 silver or gold has been added to palladium catalyst in minor amounts as modifier.
Fr1 253 947 (1960) disclosed the copper catalyst for selective hydrogenation
of acetylenic compounds in diolefin or monoolefin streams. The selective
hydrogenation was carried out in vapor phase. 99.9 - 99.999% purity copper was
supported on high surface area (25-300 rﬁz/g) supports such as gamma alumina.
25 Copper content of the catalyst was in a range of 5 to 20%. The catalyst may contain
less than 0.1% other metals (based on metal content of the catalyst) such as Fe, Ni,
Ru, Rh, Pd, Ir or Pt as promoter. The selective hydrogenation was carried out in
both vapor and liquid phase. U.S. Pat. Nos. 4,440, 956 (1984) and 4 493 906 (1985)
disclosed the improved copper catalysts supported on the very specific alumina such

30 as gamma alumina prepared from aluminum alkoxides, which are useful for



renoving al kynes in |iquid hydrocarbon streans. The patentee characterized
the gamma alum na as having 60 to 90% of pores which should have a pore

di amet er wbakwerme about 40 A and 120 A, and not nore thanPpP23%6Sepo7siess t han
2% had pore dianeter between 1000 A to 10,000 A. The nitrogen surface area
of the alumna was 5 from about 68 to 350 nR/g. The catal yst contained 3 to
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al kynes in ol eeén? 809 G20 9709 Hisasat xbppes(2604)Fzidc Sxibigicathigsi tor sBlective
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compounds. The contents of palladium and gold in the catalysts were in the range

20 of 0.03 to | weight % and 0.003 to 0.3 weight %, respectively.

U.S. patent 4,831,200 (1989) disclosed the process for the selective
hydrogenation of alkynes in olefin streams such as mixtures with 1,3-butadiene. The
selective hydrogenation was carried out in two steps in sequence. In the first step,
the hydrocarbon feed was passed at least partially in liquid phase with hydrogen over

25 the palladium catalyst such as that disclosed in U.S. 4,533,779 discussed above.
In the second step, the product stream from the first step was passed again at least
partially in liquid phase with hydrogen over the copper catalyst such as that disclosed
U.S. patents 4,493,906 and 4,440,956 discussed above to produce significantly
reduced alkyne concentration in the final product stream.

30 U.S. patent 5,877,363 (1999) disclosed the process for the selective
hydrogenation of acetylenic impurities and 1,2-butadiene in mixed olefin rich C,

streams by using supported hydrogenation catalysts such as Pt and Pd.
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In general, the palladiumcatal ysts are very active conpared with the
copper catalysts for selective hydrogenation of acetylenic conpounds in the
ol ef i ni c woaamsl416 But the pal | adi um cat al ysts exhi bit | owpsalesor/osity for
retaining diolefins, such as 1, 3- butadi ene, when one is trying to renove
hi gh concentrations (>2000 ppm) of total 5 alkynes to | ess than about 500
ppmtotal alkynes in the streans, especially when the acetylenes are
reduced to | edR genaral.2be paadiumeatalystssareary artive eamparadawitiythe eeRRary st s
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hydr ogenagjtsdlegendi tion. Due to these two reasons, the copper catal ysts
need i nprovenent for the selective hydrogenation of the mxed olefin
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conpri sing a copper caiponen nt al

Cu, pref @uakheadtivityloc@fparcatilystspssioadiAng thercataystcytle ting ngriesirablyt 0 2
w % preferably O to 1 w % a silver or gold nodifrer is in a range of O
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SUMMARY OF THE INVENTION
20 The present invention includes a catalyst comprising a copper component
containing from about 0.1 to 25 wt percent Cu, preferably 0.2 to 20 wt %; a palladium
promoter in a range of 0 to 2 wt %, preferably O to 1 wt %; a silver or gold modifier
is in a range of 0 to 15 wt %, preferably 0 to 10 wt %; and a zinc oxide modifier is in
a range of 0 to 25 wt %, preferably from 0 to about 15 wt %. The silver modifier
25 moderates the catalyst activity, and improves the olefin yield and the cycle time. The
zinc oxide modifier improves the olefin yield such as 1,3-butadiene with small
improvement in the catalyst activity. The zinc oxide modified copper catalysts is
especially very effective for removing vinyl acetylene impurity with extremely high
yield of 1,3-butadiene. In a preferred embodiment the catalyst components are
30 deposited on a support.
The preferred supports have the average pore diameter larger than about
200A, no micro pores, total pore volume larger than about 0.65 cc/g, and preferably
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| ess than about 230 n2/g BET surface area. The copper catal ysts are
preferably pronoted with the G oup VIIl netal such as palladiumto inprove
| ow acti vwby208141€ opper cat al yst. The product stream typi ealriysozomnsiai ns

| ess than 20 ppmtotal alkynes. Also the copper catalysts and the

pal | adi um pronot ed copper catalysts may 5 be nodified with zinc oxide to

I nprove the performance of the catal ysts. The reactor was |oaded with two
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OF THE DRAW NGS Fig., 1. h ti,c esentation of Jeact or ing the
present @@ﬁ%g;um.pﬁ%fpﬁliiﬂ?p Eﬁ@g%g‘ff;éﬁlyg ‘fs"?'f:‘?ng]fbrmg }'EgBY' S'ﬁ(ﬁﬂ’r@‘gaﬁ{t ?on
of acet ylResilverighd IUQO%éG&@HBFyh%rﬁbﬁ'ﬁ%rﬁby% ebpptt E6APbARENTMhRY t he

present copper catalyst in the upper portion for selective hydrogenation
of acet ylcatalgstaimprgretipe Yield of olefinssuch g3 d,3-butadiencoand prevertdhe tassrafact

oLt o butosRand Paflailtuciin b achie tuidBIbE 1BheEHHs &y RecdrBBy L%,
graphi c presenthat pajtess dfheniding deesfewit cinfpdafds by tdeptadtasirbsarbeh

Exanples Control 1, 5 and 6. 25 Fig. 5 is a graphic presentation of the
total 1, Sinsamaranaingicornell agnosnts of acatylghisl @mumitdsovitn thescatalystof theg. 6

oo SPSBRRSR T ool g et nflBIRDI 2o oy i Bredorss
CD) and Fnamtioa. 8 (CD). 30 Fig. 8 is a graphic presentation conparing
c%?ggllzlg Igg%)'/rlugg)ﬂ 373@%3&'3;%53'@%39@%&)%% Exféwlf'ﬁ 5?0%%12 . tﬁewb)enef it
of solvent tresl MRl a ebhdhstipREsentation of CD reactor having the present copper
catalyst in the upper portion for selective hydrogenation of acetylenes.
Fig. 2 is a schematic presentation of CD reactor having the present copper
catalystin the upper portion for selective hydrogenation of acetylenes and group VI
20 catalyst in the lower portion to react mercaptans and diolefins.
Fig. 3 is a graphic presentation of the pore distribution of alumina support and
catalyst of Example 5.
Fig. 4 is a graphic presentation of the total product alkynes in the products
of Examples Control 1, 5 and 6.
25 Fig. 5 is a graphic presentation of the total 1,3-butadiene product yield of
Examples Control 1, 5 and 6.
Fig. 6 is a graphic presentation of the results of Example 7 in CD.
Fig. 7 is a graphic presentation of total alkynes in the products of Example 5
(non CD) and Example 8 (CD).
30 Fig. 8 is agraphic presentation comparing Example 5 (non CD) 1.3-butadiene
product and Examples 8 (CD).



catalyst. Fig. 10 is a graphic presentation conparing Exanples 10A an 10B
to show the benefit of Pd pronmoted Cu. 5 Fig. 11 is a graphic presentation
conpari ngwboanpisee 1 OA and 1 OB to show the benefit of PdTErSOZYOI8@d Cu oOn
1, 3- but adi ene production. Fig. 12 is a graphic presentation of the benefits
of ABD according to the present invention for acetylenes renoval conparing
Control Exanples 1 and 4 and Exanple 11. 10 Fig. 13 is a graphic

present ation &f9-£He atgé'ﬁéhlpt@eéﬁntABg‘Qéﬂ‘@rtéﬁﬂﬁfﬁ@gs@h@nttfﬂaé@@ﬂtOithﬂélﬁ?don for
1, 3- but a%%tproduct conparing Control Exanples 1 and 4 and Exanple 11.
Fig. 14 i's a graphic presentation of the benefits of the pall adi um pronoted

copper cat al y§ig.cidisar graphicx prggentatbormecompgring ExariplesOA ah 105 td-sldowl5 i s
a graphi ﬁ? Leset?t tFjéq(;n of tge chem cal fingerprint differentiating the

pal | adi u % Bhe BrurotediGlyst from traditional pal | adi um catal yst by
C aring ExggpleE i LB i : RES( e
sgrgct Ive hydﬂ%gﬁa%i%o PQ'CpC?e Eﬁ{a tlﬁ?%‘%reg %ﬁ%’%gﬁgast paﬁ?%é\ni n
liquid Hoe paaskt dfdPd praamptied Gy onripB-byitadjene paadalgtionc di still ation (CD)

it(s). Theref it is  highl i i.d d
o oved coppBi9cid i puyerbls Pksbridien oirebeodR iRl Arceuling 35 the ™"
carried @usdritivenitinglfSr séetPenbs FerRbei&ont pHrHEpOBNrol Exdinfp1a8d af 4 and

mai nt ai ni.ng high selectivity retaining olefins such as dienes and | ong
cat al yst Bxampleld.this invention, this objective is acconplished by

TRy St ve FRETS i B obbik SR BRI B2 bidlitS A 2Rk fha thylle' "°
hydr ogengrésntiisvantioheoah| 3 baadidredp@ducatompatihg Qutitiol Exaynples Hignd 4 phase

by enpl oyi ngﬁa catal ytic distillation (CD) unit. The distillation colum
i s | oade@NGitXAPRl8 r nore copper catalysts pronoted with different |evels

of elenents i, the; I ; | | | etc
and al so 30 m)l 'fillgg%\nﬂ[ﬂﬁpli{lbr?te%(*ﬁgté&gﬁgmaénséeﬂ‘%nﬂér??“}@nsghe g]o%r%%.edThe
pr ef er r edoppencatalyst sompatihg@xamplér@mwith Ggntroppeamphlet 2 yst wi t h pal | adi um

Beds., The pr Edbrid RadaPhaestestayen el B8 spemica geGamsditerantatng he
Eg { PS?glggﬁﬁ&{nh@%%fsé cBYSEr dERAIFstFFIrh HadRIbnal pANEm WhialysRBY baftipaRhY! t h
Example 12 with Control Example 3.
DETAILED DESCRIPTION
The selective hydrogenation is preferably carried out at least partially in liquid
20 phase for example by employing a catalytic distillation (CD) unit(s). Therefore, it is
highly desirable to provide a new process and improved copper catalysts so that the
selective hydrogenation can be carried out in a single step with higher throughput
rate and yet maintaining high selectivity retaining olefins such as dienes and long
catalyst life. In this invention, this objective is accomplished by carrying out the
25 selective hydrogenation in a single reactor with the highly active, yet highly selective
' copper catalysts. The selective hydrogenation is preferably carried out at least
partially in liquid phase by employing a catalytic distillation (CD) unit. The distillation
column is loaded with two or more copper catalysts promoted with different levels of
elements in the Group VIII such as palladium, ruthenium, nickel, etc and also
30 modified with zinc oxide and an element in the Group IB. The preferred promoter is
palladium. Promoting copper catalyst with palladium is very desirable in dealing with
high acetylenic impurities containing feeds. The present data indicates that copper
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selectivity retaining olefins such as 1, 3-butadi ene or 1-butene. By

all oying copper wth palladium the chem cal nature of the

copper - pawbbadiosnneat al yst is changed from the traditi onalpcraidozaisam or

pal | adium sil ver catal ysts. The nature of change is 5 denonstrated in the
Exanpl e 12. The ratio of ethyl acetylene to vinyl acetylene in the product
streamfromthis invention is nmuch higher than the product fromthe

traditi obecopwsl Bwichmmaie adstesby HleNINge Withepaligsiiem- with| saplidpssitial thet has

quite diffek. m : | i tyat : ARl n hyl
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Ther ef or gvitht g adiunh ghe Bhemiical hhtird 6f thetcoppeApalfadiimeataipstiecisargedftords
acetylenes is the firpnage print differentiating the _chemcal catalytic
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f eed st r ésenprodyct adteaen drooh daie idvenhtiohbisbmueak ibégleerrthah the gfadact fidra theed

t to tk talytic distillati ' bly fed th i ddl
sect on JRcktanal GiIGHB Calavite baralisreine eapPeriA g an et bde shped as
over head gifadHEERerhRI RERMVRY toWeUS tvinyd aCeSMRMRY §Ad @?nhyel BebiyRiRPreFdURE. The

b
pal | adi um content of the copper catalysts |oaded int CD” reactor
gr adual | yradétioned palladiumpot pgllagiumegilvier iIsetalystt otheretare othet differancecp thect i on

f th t t. bed. The. t I d,. f eed . pai t
B ai ot Tl ALY O GhmvRiriT ofh 4ot SEERAPOTHint Rfieratiotl Mreed or
separ at elchehficdl eftaiyticonatusd dfBebedpFensalRidim SdtalyBE fidns tthé | tRadifonglol um.
The optinmumratio of hydrogen to the total alkynes in the catalytic

react i on PR#adiugepetaston the Cu content of the catalyst as wells Cu/Pd

posi 1 ons. ol oo PR RIS Fier |FBEPR Tl beRAERAP el s

positions alongt 'on Cco
dependi nprovidé BeCDceagtosiit dealingokith Henized @, yeddstreameaptaduce deah H¢3-

pal | adi um conponent of th tal yst inproves the catalyst cycle ting.

A hough hultaq“@nﬁdfcmmév O\i-/%?h%esedaaﬁ?@i o'FPaEh%éWZ?WC de%{'?'f"ﬂ%a/ pIs

cat al yst i P - i t r C ors to
ol yrer | &"Srer Ry 3Pa ol e IIARAE dpcton of o RO bodRahY 2Ryt BeA-ThS

sl ower oproduadtiie rdepesredi amovérheatypreduct. Ndteeheavieo pradust ¢o pgpeoveced alsy st s.

than ¢ ne DOROI RERLIGt of e PAUHCLAL caRiSbAb Ha coBBRE Paielel Rt adeciRint 1 v
the precygsebp gra@ju%@%%%]& MEVinEEAaAe bofB RULBARS tife Y fdtidhs are
effectively waShed off fromthe catalysts to the bottom
20 of the catalyst bed. The catalysts are loaded above the feed point to the distillation
column. Hydrogen is fed together with hydrocarbon feed or separately to a position
at the bottom section of the distillation column. The optimum ratio of hydrdgen to the
total alkynes in the catalytic reaction zone depends on the Cu content of the catalyst
as wells Cu/Pd weight ratio. Therefore, preferably hydrogen is fed to two or more
25 positions along the catalytic distillation column or the fixed bed depending on the
compositions of the catalysts in reactor. Also the palladium component of the catalyst
improves the catalyst cycle time. Although it is not known how this additional benefit
of the copper catalysts promoted with Pd occur, it may be that unsaturated
precursors to polymeric materials are more effectively hydrogenated resulting in
30 slower or little deposition of polymeric material on the copper catalysts. The
polymeric materials may have a higher solubility in the product steam than the

polymers formed on the unpromoted copper catalysts. Consequently, the precursors
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of the catalytic distillation colum resulting in continuously renewed,

cl eaner catalyst surface. Preferably the copper conponent of the catal yst
i s nodi fiwo oeiosfal@n el enent of Group I B such as silver amdfrarsozeisdl or bot h
to reduce further polynmer formation 5 to inprove the selectivity of diene
and inprove slowy | eaching out the copper and palladiumnetals fromthe
catal yst. The catalyst may be nodified further with zinc oxide to inprove
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dopos t e hESRIFNGIERENY B asioh 333bol 258 0P (T, M, YHRYE o SIRERORTEL |
pol ymer fCatah. tliedt. c2A8appsb5ion, dioBber It was obsactedsthadiall fhiel cappen cabalgstsr t he

i an 1 AT s KEPBICE heiva hidH 5o BieRE Bh Aetive Bdiosen SReem et spn
m xt ur es rg/tj_rdg’&fa@@uefmst iA'the eRtE ™ HYHRSHEH fedar@Bk$ BE wHItNG Br nét;tﬁe

solvent 30 is recycled back to the reactor  as shown in the Figure
Anot her toatalystg@ontain zmcodxidey t he catalyst life is washing the catal yst

e Lo A Bt o S SR bt VR B4 5 a8 2

I L ? g\utg Eetrﬁ/gtoﬁeﬁ*‘a‘tion @2ini e ahiriedeoVAtH v O Eeftorly 8F aaymigiagtids oPassed

20 reactor and a fixed bed reactor, or two fixed bed reactors as shown in Figure 2. In
the fixed bed reactor operation, two or more reactors may be needed, to remove the
exothermic heat of the hydrogenation reaction by cooling the reactor effluent stream
from the first reactor prior to entering the second reactor. One may recycle the
reactor effluent in fixed bed reactor operation to dilute the heat of the hydrogenation

25 reaction. Optionally, material in which the polymer deposited on the catalyst surface
is soluble may be used to wash off the polymer from the catalyst in either the
reactive distillation mode or the straight pass mode. Examples of such solvents
include tetrahydrofuran, furan, 1,4-dioxane, ethers, gamma-butyrolactone, benzene,
toluene or mixtures of thereof. After separating products from the solvent, the solvent

30 is recycled back to the reactor as shown in the Figure 1. Another technique to
prolong the catalyst life is washing the catalyst intermittently with a liquid solvent at

temperatures in the range of about 40°C to 350°C to remove deposited polymers
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catal yst bed with sol vent during washing off the polyners fromthe

catal yst. Wien the selective hydrogenation of actelyenes in the C4 streans
is carri edomansi4me t he CD node, if the boiling point of tireTASOIVESILI S

hi gher than about 100F, the solvent can 5 be added to the top of the

catal yst zone of the catalytic distillation reactor and the solvent flows
down to the bottom of the colum. | na strajght pass reactor the solve nmay

be fed wiffam theecatalyst-LAptiqnally assrralhamoynt ﬁfehmaeeaeas IUPRSRPAIBIAUGRIREs of
operati 0&3(#&?‘ sedfith fs%we‘?mttd%nﬁaphééhﬁgje éﬁg@@;gb%ﬁﬁ%ﬂﬁ tf?é)leét%ﬁfisa dynRast

0.2 nol e% acetylenes in I's in the pase
whi ch corbhe sslestig® hydnoigeaation ﬂ)t)a&:lyetyeoeanrmeC; streiamsneeanrnedmm anthe GDe

ferred b t { Lal Y thi
vent | e e priins RoiES e st RERE! fencahett apBFF Bl s3por o
VB e | tRSaddi @VPeaBp JTIRE cAtMERhed (e %HWH a.amarﬁ%h%beﬂorlawmas es,

the pore volune increases as he surface area and ABD
(appar entSOb@Inkfld\e'ﬁSipW toﬂheiboment@ﬂthe@otbmem aletngighl/pass reaetoriipe solvel

oo crndy BaTelith Vi aRARLfedd"bgar ¥ inB Tenllr; DA PonDiobeR ALY o7

on the cajpratidn, U esikalsleusapplly BaffieRindprsssufess thatat Ie@@t@&dnol@% éfther ation
of the selectivity of a desired material due to over-reaction, generally

pore si z@cghdeneDin iherfegdSterare inin e lisyig Phgse wdeh SAMDrisee soivent end
aI yst @ﬁgﬁgﬁ%% reg)af? r?Eor?é.Ef erred supports in this invention is

tranS|t|o res of the desired alum na are nostly conposed

of pores | argéhet ﬂx@lferiéw@uppiomm be usébdot trféSﬁﬁeplaraifowefdhe_dalmjyﬂ i @Rtsof
pores wil |l have the pore di aneter ar gehqpiq/gn 100A .det er m ned bg ni t rogen
por osi rret"P‘gﬁ““?H@rﬁrfﬂg%q’ﬁ%euélmtﬁ%ﬁﬂé'sﬁﬂdlS ay ECaNGIY (TR PIOES HPWRG er

larger t Wé‘th@béi}étra%@gére B%ﬁ&g?‘@* X shﬁ gﬁggtrﬁ%r%?%rea%%st ﬂ{ea}t)or%q;o‘?ur‘ﬁel ume

| ar ger than about eterm trogen porosinetry),
pr ef er abligcreasegas wedin bot ﬁothdhe@urfanel qne@hedafkﬂ%@ (apparBBTbelkrdesnsdy aftea of

har ont SR PACKET SgrerpAaEenal el FePeste, P aiorab iy ik aLpPetl HBPBY B

al um na &hi‘ér&;%?@@sﬁr@f@t%bmfd PBtEs [eBsZRarPab SutdoR @b Ricter. Wﬁéﬂ ﬂhe@eﬁ@%&@hn
range of alum na surface’area, the pore 30 distribution of alumna can be

mani pul ataéchegsyemditeripl omn gy Catalyst] sHrfasgs causes meapat%xstaiﬁiac@mtmmaad

al umi na. (P EteUOR SENY bARERY b, Bosfel e dee BRlechdfri M BREEAD <00

of 8 WO¥2é (dide IfistiBuitisiS0ar D 616l of tgtepqplag lhﬂjﬁﬁfnttrbaé‘s i0mdlicamaystr, and
a20t otal %%rrf%r%%hgge Olngro %rrefterr]raer& s%%%%trts?n gc5h5|s invention is transition alumina. The
pores of the desired alumina are mostly composed of pores larger than 100A
diameter. About 85%, preferably about 90% of pores will have the pore diameter
larger than 100A determined by nitrogen porosimetry. The preferred alumina will
have the average pore diameter larger than about 100A, preferably largerthan 120A,
25 total pore volume larger than about 0.65 cc/g (determined by nitrogen porosimetry),
preferably larger than 0.70 cc/g, and preferably the BET surface area of less than
about 230 m?/g, most preferably from 30 to 200 m?/g, and the apparent bulk density
(ABD) less than about 0.70 g/cm?®. The pores of alumina are composed of various
size pore diameters. Within a certain range of alumina surface area, the pore
30 distribution of alumina can be manipulated depending on how the aluminas are
prepared and calcined. Unlike the alumina disclosed in U.S. patent 4,440,956, the

preferred alumina in this invention will have at least 30% , preferably at least 50% of
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cc/g, preferably about 0.75 cc/g. The preferred alumna disclosed in this
I nvention can be prepared by a nunber of techniques well known to whom
skil | ed iwoanrwsi4ps epari ng so called active 5 alum nas. OreTafSor/bmsi1
preferred alum nas disclosed in.this invention can be prepared by so-called
oi | dropping gelation technique. The exanples of the prior arts are
disclosed in U S 2, 620,314,(1952), and 4,273,735 (1981). The spherically
shaped dheRrPres lnegestham oA diameteranda iata\rare yolume larger than appebdfed by
di gestin | 4493 i eous hydrochloric acid sol ution.

Spheri caﬁcﬁﬁg;ﬁﬁ%&%ﬁ{ng'@oaggl materials, in the formof droplets, are
gel l ed in basiThd prpfededi aluplirees eligotddeaiad tiy insagitiog, camdel pepadeg¢ibyga and
calcining to transition state aluninas at, yariou t enper at ur dependi ng
on the dduimber giessuidipvel kufhdo WRorE sklléd verys PP piocTbraIEd acive
spher i caldiymflRDOMef ihd Proréhred aRAninBS dRICRIRBHGH thY irichtigh @RR bBrésAraki on
techni que using the dispersed boehmte or pseudoboehnm te alumna sols. The
15 exanplhy so-cahed pilidsopaing gelatior t¢andque.nThe sxamplerofitise prio7alts arke

| um | . j ' ' I t . boehm t
or ' xt urboR i R A Y (AR AR AR R 38 D TR kB eRRe T
pseudoboediinirty & phsiRited tfrorhadiuniiBbrdr hydroxpdHodd don @heparedysly @i?@dtiﬁg
al um num al koxi des and crystal lizing or reacting sodiumalumnate wth
al um numalaminyng metalds agugabs hivd Eehiaticacith solatiorr Srheriqally shgped/atunaing

hi t e : ; : _ : :
ket pisL AT, 06 ufk R SroBRAS Brb el A B35 TAUR G Shadd BloPll By, "
o speral Hb a2 B spal Lt N7 B0 T spal SaNe 70 Dl speral b A Beper al

spera : spal,. - 80, spa -20, Dispera > 14, era
20 " Pur altemegTAb s, AePBO@NGan ANendes I Prosori of B ARSEi el BE need
ah b ' i i1 el t
are not preenedpHBIEAy S aufindBlsaan be prepiéd by di o Bolafien © ©
al um na dechnigeedising the dispersad boehmite ewepseardeboahmitei allichina Iseld. i Kbe

| um di scl i n. the .U S. tents. 4,423 906 440, 956. T
TS AT AL el Pk S e BRI s 0 A0 B B0t e
preferrecbrbsﬁwﬂyeﬁ@dérmng%itdb@mwt@ @é@d@clstlsbmﬁik@bﬂﬂnwu@%&bs;é%ﬁe 30

tenperatures from about 550C to 1200C. nerally transition alumnas are
vari ous rAndpsesdobeelmiie aliminas inadidic waters Thepsaudoboepmitenr bpehmite ray, p,

P g« erpRRRt el 3R g o5 B BRUART st Akaek FRELOGHERIES drcn
crystal | ireattimg sbaiuf® rurainalié avith wiindihuhmsaks soenesd Allmirum Sulfate and

20 crystallizing. Various boehmite aluminas or dispersed boehmite aluminas sols are

available in market place. Condea is one of the suppliers. To prepare the preferred
spherical alumina whose pore structure is disclosed in this invention, Disperal HP
14/2, Dispal 11N7-80, Dispal 23N4-20, Disperal HP 14, Deperal 40, Pural 200, Pural
100, Pural NG, etc. or mixtures of these can be used. Other boehmite aluminas such
25 as Catapal C1, Pural SB, Disperal P2, etc are not preferred raw materials for the
preparation of the preferred alumina disclosed in this invention. These materials yield
the like aluminas disclosed in the U.S. patents 4,493,906 and 4,440,956.
The preferred alumina in extrudate form can also prepared by extruding the
preferred boehmite aluminas discussed above and calcining at elevated
30 - temperatures from about 550°C to 1200°C. Generally transition aluminas are
various mixtures of crystalline aluminas such as amorphous, v, . 8,1, p, 0, a, etc and

their surface area tends to shrink by repeated exposures to high temperature
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surface area shrinkage accelerates in the presence of noisture in

at nosphere or trace anmount of sodiumin alumna or both. If gamma al um na
is the deworre@sfso6 m the calcination is usually carried ear/En2/07811
tenperatures from about 550C to 700C. 5 Unlike the alum nas disclosed in
U.S. 4,493,906 and 4, 440,956, the alumna supports prepared in this oil
dr oppi ng g{el ation technl que using alum num hydroxychl oride_sols contain a
very snaldtmaspheare dae tnblow erystalizatien fo mse stable crystaliformsrEspaciallydbisi n

2l umi 02 diselseds (i hRbge KGR0 Wbl ARSI o CAlaTy RRELARENS D! o

for the cata ytrc at’i’on “operation

sol vent, thaeaarmeunt oﬂ smuumah@llymtnaooﬂﬁcﬂht If@mmbeahmrfnm sahesibeneé fordm,t he
preferred alumnas inh this invention are éEheres extrudates, pellets and

granul es thpicalcinalipn igi Iy cagied gukat emperpiiies from ?h@HE§50°C‘pFCe7Q9 dbly 1/8
i nehes anghfi@S thd MimHRRYbIsY %sbacrlﬂeg #eﬁgid?y o &frfef abldo bﬁ@fstr%e}q%mm?nﬁ(:hes

length for extrudates or pel he’ copper conpobnenit o e catal yst
i s put orsuppertpr pfepared &l Lﬂmmaorlbwropmngolelartlnprm;rimqm ussdn nalgoesumi t h

o, The IREPRERAPE,S43F 0B Vel ndlarstint g ahlasst A 554l araBoe!

pr ef er ablgpdiuramréflofife 48 HummhA aremReasint thes ﬁﬂ)ehﬁoﬁ Qﬁéﬂa‘lly Hbesh't CRIRBT
oxi de-al um na product. The silver and zinc oxide nodifiers are incorporated

i nto t he SEOioatREphlem tfgr ibe- catplytigwigtillationn oparatianver fixed bedaperatiors wWither

10y "ar o Yol 88 40t PaueRpu hll oMd 21 U b)) Goubre § mpr egniti on. The

2| nc oxide or mphyasutarehapédoztrrmpr@i@rﬁ&j anmdlhas &rﬁnsarneem@n are sgHgresa
support prior to inpregnating the solution of a copper npoun The

i npr egnat®YRdptasd pe etSsarLdagr@nHl@ﬁ which hawe slizrneter of lass tBéO@bOEBVp'ﬂéh% abl y
from 100 drgreb7 18 iRl dhd R8IRAPBRoGRYOReRLL Kot g:&agf‘%rébry%%atqg?\t?' yst

or the cdpper o Vel bxide-21 Ae x| anot her
t echni quencWehgtmmextrudpteeparrmlletse zi nc oxi de m)dl fied copper catalyst

by_dropping t al um na sol h contajn a desired amunt of .zinc salt

o5 BorhPL 9" Hhe BopparcoR@ppent oFfig SAalvEl B BubiaLhS huchesi dmin B | owed
by agi nngeéerrﬁ.gr Hﬁtréﬁ'tédhw salith iU ro%tdrrcepr.eegﬁsarchﬂa‘%ocd ic1200C.
The pall arumpro ter is inc porat |nto e catalyst by co-1npregnating

t he pal | adirate, copibacetats lete.ildre mﬂraglaathmpnoaidctrimc(allmr)redrat frameabqa[108di um
(1) ace

acetyl acetf’f?ﬁgtg pree[\f%)ra / rﬁr%ﬁ%lgb&qégaoé gqs@ﬁ%% o gsdagt&ragylhﬁg UL FRRRSi ng

oxide-alumina product. The silver and zinc oxide modifiers are incorporated into the
20 catalyst by co-impregnation of a silver salt such as silver nitrate and a zinc salt such
as zinc nitrate with copper salt. Optionally they are incorporated into the copper
catalyst by double impregnation. The zinc oxide or both silver and zinc oxide
modifiers are put on alumina support prior to impregnating the solution of a copper
compound. The impregnation product is calcined at from about 100 to 650°C,
25 preferably from 100 to 600°C to obtain the copper oxide-silver oxide-alumina catalyst
or the copper oxide-silver oxide-zinc oxide-alumina catalyst. Still another technique
can be used to prepare the zinc oxide modified copper catalyst by dropping the
alumina sols, which contain a desired amount of zinc salt or both zinc and copper
salts, into basic oil phase to form gels, followed by aging, washing and calcining at

30 a temperature range of 450° to 1200°C.
The palladium promoter is incorporated into the catalyst by co-impregnating
the parladium compound solution such as palladium (Il) nitrate, palladium (I1) acetate,
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copper salt and silver salt. Al though various inpregnation techniques can
be used, the preferred inpregnation technique of the palladi um conpound
sol uti on wo w2lei416ri xed sol utions of pall adi um conpound andcaaozn7sebnpound
or palladium5 conpound, copper conpound and silver conpound or pall adi um
conpound, copper conpound, silver conpound and zinc compound i S spray
coating inpregnation b){ using an atomzer. It is hi ghl y fie_si rable to

spr ayi ng PaHadign (lDiasstylagatenate §iCoWithsopper salt solution; Ona sgluticg poptaiRieg: apl e
to creal gopobl 88 gha Linkl shite MiohigHivARLESIHbledRStion McpRicEARY S 5684 035
atom zer. en various palladiumSolutions aré spray 1 oated on supports
such as dhepreferredienptegnatioch tedhmiqueodbf theepaitddismocornpolied solutian orabeut 90

vo e el B ip a, HBRP brb Ae P°
preef er ablaymhRsimd, EbgPerddppoltil atl siIVBr dompb Hdbiﬁala)di@fﬁfcbﬁﬁad%ﬂp&?pﬁét al yst

&
pronoted with palladiumis prepared, the " 15 inpregnation of catalyst
conponentoompauriske stverrgasspaind and gincreampowicisl spray epating impregsiatips byl n t he

two step . inpreagnation, the inpre i echni que,, far first ,
2l na SR AR Aoy o s TN 2B SRR the, SR oRs b R,
m xed  s@&upbbAB. HOBlaAddhighlycddheblettdcrealis a finanAhestHy palRIeH sofitibhisand
silver conmpounds or zinc and silver conpounds by using usually incipient

pore 20 iUshikgreameiessed gasqiemizas | Whed yariusypalladiymasaleligns: ateusrrayr om
ut 10 ' ' 0.

e ablyefecan Sgpaots Sufes BinifaAnelisrEBToRHE Br Bdh isTedctan ¢
sftepdi s :amxu egﬁa]?tﬁmT\TV&dsf_thetcﬂahpnrbmlmﬁepﬂéibaﬂd)ﬁcfnpportpnrlitimciie_d)byfﬂwpmby a .
m xed sol ution o adi.um and copper conmpounds or pa i u opper an
o ver S cominasr uh st of sapouBiine sySRaR mbs rmbedraiad CoRRH oS

pal | adi Urfhaﬁb#)&ﬁ{B@OQIuH@%.COWpOUﬂdS by using spray coating technique wth
an atom zer, ftollowed by drying at a tenperature from 100 to 250C and

cal ci ning at aVhembighly activef cappeaicatalyst pomotediseit) paliastiemds prefdaredy the0  t o
B aryst pgFandton ot chEist EREReR RIS BN A e S0 EHERT ARalE Sforierup: g um
conpound éféops's.l I thedwoseplirhpreghiatian Pie iﬁﬁ%ré@hmﬁﬂiqﬁécfblrgﬁ? ﬁ?étls@éb,um

nitrate and a silver conpound such as silver nitrate, | e copper
cat al yst ayninaesuppart ivimpregnataghwithta gelution ofcappeoSommpuUPETPIUSORXEUS1 1

surf ace 4y iih AontaifhgPEopAIYRY Uhct BEnERRAGE 8 PRLTINA R Bl - the

copper

compounds or zinc and silver compounds by using usually incipient pore
20 impregnation technique, followed by drying at a temperature from about 100 to
250°C and calcination at a temperature from 250 to 700, preferably from 300 to
550°C. In the second step the product from the first step is impregnated with a
solution of palladium compound, preferably a mixed solution of palladium and copper
compounds or palladium, copper and silver compounds or palladium, copper, zinc
25 and silver compounds or palladium, silver and zinc compounds by using spray
coating technique with an atomizer, followed by drying at a temperature from 100 to
250°C and calcining at a temperature from about 250 to 650°C, preferably from 300

to 550°C.
Another preferred technique incorporating palladium into the copper catalyst
30 is the spray-coating impregnation of a solution of a palladium compound or a mixed
solution of a palladium compound such as palladium nitrate and a silver compound

such as silver nitrate, while the copper catalyst spheres are rolling down a flat
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oxi de-al um na, the copper oxide-zinc oxide-alumna catalyst or the copper
oxi de- silver oxide-zinc oxide alumna catalyst. Relatively high | oading
(>0. 15 wwweho2m8141pal | adi um on the copper catal yst i s desi ped/tfSoz/oabcessi ng
the feeds which contain 5 relatively high content (>-4000 ppm of total
acetyl eni c conpounds. A combination of co-inpregnation and the
spray-coating inp nation is the npst desired technique for

pal | adi urﬁU|rf@59.t\lf§5@9x 3 REORSAENgeton the ¢apREEOXidarabiminACataly sl Htﬂj%o%?ff i Ee
m st c}ﬁkfe -BRMiAY! fﬁ@é&ésd&p rl S d- anct&é?%é %ﬂgaédtélggfo gatofr%ggcggpeggmdé the

copper catalyst, which ronoted wth nore than
desired, silvei okideatino wxie gloniifa i agalpsin &Kealativedyn dighp toadirgp £¢0.0§ wintr)eafnat i on

o S S I

the COpréWVéNGH' grPéoﬁtBﬁt CARR0 ;‘ﬁdﬁ)’@frtot?dl Béetyf@ﬁ@bdﬁmgéuﬁﬂgWESH\bYMattIBn
pal ladium Optionally the catal ysts can be prfepared by inpregnating m xed

sol ut i ons)fQO -impegnation andithe spraytcmatlagunpr&gqmmatbemstﬁleame@tetch@qpﬁys| cal

char act erj f [ r The r r| al s
ot epar i ndottioh bafasieRh Pty PR 5T BN T sl bice e i
pseudoboejfiihé patauider solatiem fmhe[apap&foahngﬁ?nwég%atﬂshe |frthe odpber tataf/str e
cal cined at tenperatures from about to about 750 prior to the

i npr egnatWhigh ismremated é\@tﬁ\dnpfﬁwtn@n&hwﬁ 9 1a‘§r°/e Peaisciestedae combisatien atede from

aﬁﬂjgt 55 ’&?f @%Q%}Py’ﬁrﬁie I'mp egng‘{?@g H?Pr ﬁ%tﬁcggafréla n%fral ;(é)ré{éégfé ud;ar?

peI | et s ampreédreationtprodbetis dalvirtezt inadisatfremedotit 160 to |409F(E, pteferablyafre
t enper at ur out 250C to 550C in air catal yst activation is
carTred oo ta SPRE G aPamy s oabeRs, the SooPebRvee INekoRRY SReESRe | &
the gas fd é’t@ émB'tétﬂwRHCHaﬂﬂéi@Jm The content of hydrogen in the gas is
gradual ly 1n during the activation fromabout 5 volunme %to 50

vol ume % or rrrﬁmlonallyhlee catalystgaan bacpme;wedubtyrlngnegnakng mm(etdr@haiaxrml ofst

I vatian a_sufficient anmunt err at. no_wat er
Vbor cothetaL 3ats o e B BbySerCaich Bt iné HhSlcah At RcR vt on
depends QiefdidasiBrtsPlebbitbet) abal@! V8¢ ran massiaps pré;fé?nﬂ@’gu&g%mrﬁlﬂﬁt ent
in the gas and the activation tenperature. In |aboratory, from 30 m nutes

t o about PRWdessase syitabler beebmitefpawdersand ReaudekRehmbe poyvdenrs wﬂala;zst I'n

COMEr Ci 2~VO
021 051410 RERTRE S SR, Mbuiciel i he  RL et ermlubb BB Bt a9b°Chne
resi dual toythoap?2d0i pridtte theambreynationeThe impregnation products are calcined at
20 temperature from about 250° to 550°C in air and shaped to desired size of

extrudates or pellets. Optionally the impregnation products are shaped to extrudates
or pellets and then the shaped materials are calcined in air at elevated temperature
from about 250°C to 550°C in air.
The catalyst activation is carried out at from about 60 to 400°C, preferably
25 from 100 to 350°C in the gas flow containing hydrogen. The content of hydrogen in
the gas is gradually increased during the activation from about 5 volume % to 50
volume % or more in the inert gas such as nitrogen. During the catalyst activation,
a sufficient amount of gas flow is preferred so that no water vapor condensation on
the catalyst would occur. The length of activation depends on the amount of the
30 catalyst in reactor, the hydrogen content in the gas and the activation temperature.
In laboratory, from 30 minutes to about 10 hours is sufficient for less than about 100

grams catalyst. In commercial practice, generally much longer activation time would
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Is flushed out with inert gas. At the start-up of the selective

hydr ogenation, the content of unsaturated conpounds in the feed stream
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sel ect i v@ompmmgiermﬁmeswﬁdoml Qtoneat%ysﬁmat optianadly the catatyshdigclogedat i on

o adels R RGPty oot oot bl SondBRicEbee not

to produge rﬁmmmemewérfcagfan rebcli®® TRECHedWEH QUORIA predRtRhicditnfovedsrom Of
mer capt ans nmay be converted to hydrogen sul fide by hydrodesul furization 30

of al kyl light @qmpangntsrbmmnlaé§t¥atborprltetﬁe¢ﬂthamé imperant rot t@fprngiu@@g‘eﬁ

oo e o BBl B ERRhg BAbAShuT AR 8FRARR: Bl i,

hydr ogengloison theasdlectivezioytrogdriatién @éﬁ;ﬂﬁb@i@yﬁ@T I JS@D Ql?\&lfhls ternbuall of

szoarrpl © 1mercaptans can be carried out concurrently with the selective hydrogenation in a
single distillation column. The catalyst for forming higher boiling organic sulfides from
mercaptans such as that disclosed in U.S. Pat. Nos. 5,510,568; 5,595,643,
5,597,476 or 5,807,477 is loaded at the bottom of the selective hydrogenation
catalyst bed in the CD column. The heavier sulfur compounds is removed as bottom

25 product from the CD column prior to entering to selective hydrogenation reaction
zone so that the selective hydrogenation catalysts is protected from the sulfur
impurities. It is important to maintain a minimal amount of hydrogen in this mercaptan
reaction zone not to produce hydrogen sulfide. If too much hydrogen is available,
some of mercaptans may be converted to hydrogen sulfide by hydrodesulfurization

30 of alkyl mercaptans or sulfides. To prevent the formation of hydrogen sulfide, it may
be necessary to adjust the hydrogen content in the mercaptan reaction zone

differently from that in the catalytic selective hydrogenation reaction zone.
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A copper catal yst was prepared according to the Exanple 1 in U S
4,440,956. Ganma alumna (CS 331-1 obtained fromUCH, 1/16 inch extrudates
and 265 m®0Og2/08u41é ace area) was cal cined at 700C for 3 howc3/usa2/b1sel anbi ent
at nosphere before 5 use. There was little change in ABD before and after
calcination. The calcined alumna had 0.792 g/cc ABD. A solution of 28.7g
Cu(N03) 2. 2. 5H20, N (N03) 2. 6H20, _0.04g AgNO3, 0.34g Cr(N03)3.9H20 and 0. 34g
Co(N03)2.6H20 in 110 m dei oni ze@onml?%*ama'@ 1prepared 60g UCl al unmi na was

| mhr egnat ed_wig GocRR UetchAl Wk e itk SeBsiary NS EXRBRPHIAU S 4 A0 686 o1 Vi ng

the inpregnation uct n vacuum-oven 10 overnig cal ¢i ned at
400C i n &amfrfd alumiman 428 F3dr1 @btmued;froﬂihldCABm6f|n¢h1extmdaieyand 268smiig87

/ th t al th 10

el |5 anduiipahauSaines cabineliR ZAEPIBEa okl by b B AL AP SR 41180 1§ ncn
| 8ng) usele. Fhefe VALY RAEI AEge” RAABY befbhe &Rt aﬂéﬁbab&ﬁ#‘at@ﬁt THat eslcikdt he
followi ng procedure;, (1) heatl ng the reactor to 230F in 100 cc/mn N2 gas

f1ow, (2)altanmar+yadz@®92@/QﬁABazAﬁslutl@ntqﬁ@wz@la@l% p@- 2D tNEWOphIGH ALY for 3

cormn @4 aaNt Bt CUNG SR 307 Q HRECBIRRER e R i B g Bred
hours at wfidFwasgrépaesd 6oy 8O élhmummes nf\plte@néfb?dRNithﬂaBGVe:@aSImuoh bydsiags
flow. A mxed C4 stream conposed of 28 wt ppm neth acetyl ene, 1034 wt ppm

20 vi nyl HO&ry|eYAROLRer. mrmwmeemﬂrpgra@@rwr@ﬁléctymé 193C\ip vgguUm oven
b b %
]103 bﬂ: Zﬁgﬁﬂﬁghggé\g&n@%a} @étéﬁrggtrﬁl%g&ggna@e 3;] SO Ll{ftéteﬁﬁe R?@Qﬁ&e%& ny ut ane,

1 30 w veas l@.csmg/emeQZanﬁtr@s tatalyst Wasoblended with &0 edt3 thylldmyeteogmsah ed to
renove age enic jnpurities at 1 ps or irst. 26 hours
on oty oAy 7D HIQadfﬁ)@ajvq%@a@'o%amﬁeéﬁ reator lirehelismsterns 2 Meblend isoge m
(3.6 WHSWs @BQn@é‘ntﬁ’on? a'@td} Trﬂageétﬁty?t’ﬁ)aﬁ acT{)/?l@ t%}ﬁthfeef%ﬁowfn@t cé@dr@

changed to 3 cc/mn hydr ocar bon 27 scc/m hydr ogen
rate for (ﬂhleeatmgthe4eacior§> 30°¢t inclf ccAmireN, gaaiflowt () adding 260 ecs(nwei-b 2.2

in f I
e end. 100 1 e Mo g2 fepdodinfitay 3 hotrs 23 o it bl Naandha ™
catal yst n6&e5%5d4 lgdH W t€306! derime (4 MHéeting thbtraboted téme\%ialt&}b)tovm i xed
with 110 cfl aneter glass balls and | oaded in 02/ 081416

PCT/ USOZ/&DW‘qudmgH@F 3hetry a8 anskihenrcoolrd theneastorty 4l fe in30 Taknin
cat al yst H\Z/aaasaﬁéwyat ed at 180F

A mixed C, stream composed of 28 wt ppm methyl acetylene, 1034 wt ppm
20 vinyl acetylene and 549 wt ppm ethyl acetylene, 45.23 wt % 1,3-butadiene, 0.10 wt
% 1,2-butadiene, 6.05 wt % t-2-butene, 4.22 wt % c-2-butene, 15.36 wt % 1-butene,
18.05 wt % isobutene, 9.34 wt % n-butane, 1. 30 wt % isobutane, and 0.19 wt %
others was selectively hydrogenated to remove acetylenic impurities at 119 psig
pressure. For the first 26 hours on stream time, the feed hydrocarbon and hydrogen
25 rates were 2.2 cc/min (3.6 WHSV) and 31.4 scc/min, respectively. Then the feed
rates were changed to 3 cc/min for hydrocarbon (6.0 WHSV) and 27 scc/min for
hydrogen rate for the next 24 hours on stream. After that, the feed rates were 2.2
cc/min for hydrocarbon (3.6 WHSV) and 31.4 scc/min for hydrogen rate until the end
of the run.
30 Control Example 2
18 grams of the palladium catalyst (0.7% Pd/1.4% Ag on alumina, 2464F
obtained from UCI) was mixed with 110 ml 3 mm diameter glass balls and loaded in
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by passing 1 m/mn (nmeasured at anbient tenperature) isobutane and 10
cc/mn 10 volume % H2 gas in He under 200 psig for an hour. A mxed 4
stream cowpazmsii41®©f 39 wt ppm net hyl acetyl ene, 5974 wt pparisayd7sacet yl ene
and 1119 wt ppmethyl 5 acetylene, 46.05 wt % 1, 3-but adi ene, 0.15 mt %

1, 2-butadi ene, 5.68 Wt % t-2-butene, 3.95 w %c-2-butene, 14.38 wt %
1-butene, 17.98 wt % i sobutene, 9.24 wt % n- butane, 1. 32 w % i sobut ane,

and 0. 54 the sagstraacter used indhe contrel Exapalect diercatalystvassagivatadhat &y eni ¢

i npuriti [ 2ol : ' ' NE%)§ §§ﬁie

const ant %?éirép%g!rgb-rﬁﬂﬁ?@? . h@vgyshﬁ%ﬁn%@%{:ar b(.))ﬁ\&%{rll} hy%géq;:?}é‘gﬁ 10
rates werl® wlurhée s i, @as In MESYideaP00 B6igFosar houn AanixedeC ; steedmicompesedre 119
psig, re ctively, for the fir 79 hours on stream and then changed to
0% 1 iR S SHPrS anDiene GR74 Wt RRM VN ReslvledE AnCLES W B SEYlg,

r ecti r | i ; ' . 2%
P 0. 1 vt e B 1 8 e e 10
3 mm di ade%wt Jb xs3-thdens,. 38 vddetibittenet HE.Q8awk % isnbutane; 24 iwt %ire

Cont r ol I Thg | yst tiyated at 180F b ' /' m
(moasur e @G 2000 TulsBRRAR: 2 DBEH Yhbtiend was Selocivbn A FoBFAetss o
gas in %Wweﬁ%m'lénkwamiémmtz TheBelrtivEhyaiogenatic®WReear e o9 W
ppm et hyl acetyl ene, 5974 ggm 20 vinyl acetylene and 1119 pm et hyl

wt
acet yl en@t thescongtant temgperatuse t14di lenElovweves thehyggocarben aadihwdeogen, fgsdwt %

| Gobut endateg g 3y 16 WLEV anpacf sty ot Bl ptgoalio 1o gy e o
was sel ecespeitivelyy tirtperfiaéterd hbonst srobtréxmmahé ther? Bhahgedity 4 Ban#chim(uoi na

(Al fa 31268, 3.2 pel | ets; 90 nR/g surface area) was round to 10-20
mesh graNMH@%’% anqng(]) §?%(FTH'P§#“?£ RRCHA RIgESWB OO RSigy ESPREYe'  sol ution of

28.7g Cu(N03)2.2.5H20, Ni (NO3)2.EHRG |@{1gpgl.eQ§lg AgN®3 in 100 m  dei oni zed
wat er was prepared. 60g of the granu?ar alUm na were inpregnated with

above sol uti orl8ogramss nfttee pelladiymesatplyst(®@2% RAiG1%dAgiorg atuminap@iEg8at i on
Pl nace Abinedhiom UCIEEe gt i d 4B £ dePeiehaas® helln snd iadodihm °

di anet er tgé 3ameltahtior 8564 il tRadRMtroNEXR pRATE HeSREAISt Waks A& aféDat tdo°Fxanpl e
1. The catal yst was activated ‘l% 15 WO 02/ 081416 PCT/ US02/07811 the

f ol | owi n@ymassingut el/min) (measuiredyat asmbiend demperaiurdisobutan@manst1Grica/min gas
flow, 10 volume % H, gas in He under 200 psig for an hour.
A mixed C, stream composed of 39 wt ppm methyl acetylene, 5974 wt ppm
20 vinyl acetylene and 1119 wt ppm ethyl acetylene, 46, 05 wt % 1,3-butadiene, 0.15
wt % 1,2-butadiene, 5.68 wt % t-2-butene, 3.95 wt % c-2-butene, 14.38 wt % 1-
butene, 17.98 wt % isobutene, 9.24 wt % n-butane, 1. 32 wt % isobutane, and 0.54
wt % others was selectively hydrogenated.
Control Example 4
25 The activated alumina (Alfa 31268, 3.2 mm pellets; 90 m?/g surface area) was
ground to 10-20 mesh granules. This granular alumina had about 1 g/cc ABD. A
solution of 28.7g Cu(NO;),.2.5H,0, Ni(NO3),.6H,0, and 0.04g AgNO, in 100 ml
deionized water was prepared. 60g of the granular alumina were impregnated with
above solution by using a rotary evaporator. After drying the impregnation product
30 in 110°C in vacuum oven overnight, calcined at 400°C in a muffle furnace for 3
hours. 189 of this catalyst was blended with 110 ml 3 mm diameter glass balls and
loaded in the same reactor in the Control Example 1. The catalyst was activated by
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(2) adding 200 cc/mn H2 to the N2 gas flow and then holding for 3 hours at
230F, (3) shut off N2 gas and increasing H2 gas flow to 300 cc/mn, (4)
heati ng tWe eesat®©r tenperature to 662F and hol ding for BCRABPZOWI1I 662F
and then cooled the reactor 5 to 147F in 30 cc/mn H2 gas flow. The sane
feed used in the Control Exanple 1 was sel ectively hydrogenated to renove

acetylenic |rrﬁ}wlt|es at 119 psig pressure. For the first 26.5 hours on
streamt.thef ng@wq@m.o&b} m@ﬁaerﬁwteg@r?%@g19@@@/@@1&@%%(3 6

2 4 v/ mia) Pasing ) i FEARTE N bl S i HBRIng R oS e 20B0R e

for the r(exshmomug gas aod |Mreaamg h@‘gasﬂdwhm 300 be/nhnee@u)rfmaaeg\tm eachamged

into 1.8 b nd 25..7 /
Eranpl o $omneimyEs 1206515, 2A0 hAGr BB aTimract BEaiTgnd e heoled W i s  ng
the al umt8a|47.145 i %]&/mﬂi ﬁngggrﬂoﬁ,pherl cally shaped) prepared by the oil
droppi ng gel ation techni qu% £@¥SI cal property of the alumna is

sunmmari zed i n Thebsame. feérdlesmrrethgl tralitxampletliwas a¢lectivelyhydrogenated

|1 d 90% of | h
 00A ¢ artgirentos 6&iehic BPGies R AR iagtsShel B8p tRE TR ISE FAE S o' ag
AgNGB10. 3eedah tiMe31He RiddhyarstLbod anplikes ratddlveére 118 ScAVnTTS. GCWIHSV)Z ed

wat er was pr ar ed. 60g al'umi na was inp eFagnat ed with above sol ution
using a rand? 5 7esmﬁnmreﬁpecm¢!ﬁﬂmrythﬁgf ratesrwenechanged §o 24 @@(nprﬁ&ruct in
C in I 4 f for 3
S s. | THYASRBHIR LAY PR o Eclih @ pyditaeittaft fBrthe feld 2456
There i s amlsfrezanni Aﬁer thbarlge feed h@tesowerestdhangedea@émtime108)mc¢m|mabral yst
fromthe al um na support re 1. 22g of this catal yst was
bl ended vitYdHOAR Omcaéb%{ {SS}] 'E and | oaded in the sane
reactor used in the Control Exarrpl eg B@5cat alyst activation was carried
out in the same nmanner described in tﬁe Control Exanple 1. The sane feed
used in the Cohtopperoadalybtends prepased actardiigytollyidingatianesing theraduroina

tyl t t.119 F t he f t. 26 h t t
i 50 1A RiRmeteE Safrrical sRbfmprtafly ekl SoeP g arialoplea i) "and
31.4 scc/adp hy%aleﬁﬁdﬁﬁ{gyof Fﬁbealdm.ﬁaf@%rﬁmaﬁ&e@ﬁﬁerm@ngemé Pofe GfeM N

for hydrocarbon and 27 scc/mn ogen rate for the next
24 hours djsatnbsueomf@m @Muma ipdiyststed UVE[Qllre§t rélﬁm ha abpgt 89% obthe t he

feed hydrocar ROL ARt HERIUDA AliRetdf’ Fré DIt "b'28.7g Cu(NO,),.2.5H,0,
3/2- 2
Ni(NOs),.6H,0, 0.04g AGNO,, 0.34g Cr(NO,),.9H,0 and 0.34g Co(NO,),.6H,0in 110

20 ml deionized water was prepared. 60g alumina was impregnated with above solution

by using a rotary evaporator. After drying further the impregnation product in 110°C
in vacuum oven overnight, calcined at 400°C in a muffle furnace for 3 hours. The
physical property of the catalyst is summarized in Table 2. There is only a minor
change in the pore structure of the copper catalyst from the alumina support as
25 shown in Figure 1. 22g of this catalyst was blended with 100 ml 3 mm diameter glass
balls and loaded in the same reactor used in the Control Example 1. The catalyst
activation was carried out in the same manner described in the Control Example 1.
The same feed used in the Control Example 1 was selectively hydrogenated
to remove acetylenic impurities at 119 psig. For the first 26 hours on stream time, the
30 feed hydrocarbon and hydrogen rates were 2.2 cc/min (3.6 WHSV) and
31.4 scc/min, respectively. Then the feed rates were changed to 3 cc/min for
hydrocarbon (5.0 WHSV) and 27 scc/min for hydrogen rate for the next 24 hours on
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(3.6 WHSV), but maintained the hydrogen rate at 27 scc/mn until the end of
the run. The test results of copper catalyst in the Exanple 5 and the
Control Bwearplgi41d are illustrated in Figure 4 and 5. ThePErgsonzo311
denonstrates the superior catalyst 5 activity and stability of the

catal yst disclosed in this invention over the prior art. The Figure 5
denonstrates a superjor butadiene yield of this invention over_ fhe prior

alr f< . Thé?tfﬁaéﬂ ameofAfiersthahtﬂa@f%weh%qrowf@ogaam RyrpgeRiratessrerere? &s&na'n
al Kynes Ovs\fé{fjsa\/)h LﬁJaY thinddghe RS @@chﬂ) r%%ea%g}%f}gin%tﬁgﬁ éHc%ﬁh th“

t hose d| rror art. 5 1 ndi cates t i f
excess hydr ogelrhd testimultabf eomerezataipst\nethé Egamf)lea5 bnd tiee Goptrgll Eaxample

173" but ach SRJIIERIE 1 bRkt SRS SoTERtER e EHleerial et

hyglr ogen %oi Qn@%té‘tﬁlﬁg otf?nérbéva%t disBIo%Bé i ﬂ%.gwemohwépa@rﬁtdr@m zr%e
Table 1 ABD,” g/cc O | e- poi nt BET | tipl e-point

BET, n2/ Figue. fzdemsustra'tﬁs(:a wmeanormmﬁlqr?@ylzld M tbﬁdnmt@ne@\ai therprigr art.

Sur T ace. AESEHTY! S PUR0RTE A 85508 chiteRid) of MR It TR REBIA D 4o
A radi us qtal ﬁﬂsélo@e@&@ﬂm@lrﬁ/batlo@whwevmﬁd&wﬂdl@ﬂo?@d th tie! pricr dror

pores (20 - 300Aradius) 0.852 Cumul ative Desorption Pore Volune for pores
(17.5 - Fsathelxasple Sopdicatespthat. ab@%ﬁ@yar% sraveilable afteropvertingapp,

0.5
%{&c(r:o Po?at-l-,' tﬁrbenagiH e%ﬂfc%nﬁg q%%é%%@%&%% 8?%'( orfume d;?élgsoer]sg% e( 17.5
- 300A r d0ssif ®3Madib?leV\ﬂlJ62t’008ﬁérlﬁyd?6§éhm 0§!8ggestlﬁgamalt ethé gkeessl um na

used in th@/drogennghoulg Sepctatlcl'J %qulen?al?rtl th7eos§ectlve hyé]rggcraﬁatlon zone
‘Table 1
ABD, g/cc 0.53
15 Single-point BET, m?/g 157.5
Multiple-point BET, m%g 170.2
Meso Pore Area, m?/g 170.2
Micro Pore Area, m?/g 0
Cumulative Adsorption Surface area, m’g 172.6
20 Cumulative Desorption Surface area, m?/g 230.4

Total Pore Volume (cc/g)

for pores less than 493 A° radius at P/P, = 0.9801 0.912
Cumulative Adsorption Pore Volume for pores (20 — 300Aradius) 0.852
Cumulative Desorption Pore Volume for pores (17.5 — 300A radius) 0.930
25 Average Pore diameter,A 214 4
Table 2
ABD, g/cc 0.58
Single-point BET, m?/g 137.5
30 Meso Pore Area, m%/g 147.7
Micro Pore Area, m?/g 0
Cumulative Desorption Pore Volume for pores (17.5 — 300A radius) 0.790
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A copper catal yst was prepared using this calcined alum na. The sol ution of
30g Cu(N03)2.2.5H20, Ni (NO3)2.6H20, 0.047g AgNG3, 0.396g Cr(N03)3.9H20 and
0. 396g 5 wo(0blog2e 6H20 in 128 m dei oni zed wat er was prep&CediSoZ01al um na
was inpregnated with above solution by using a rotary evaporator. After

drying furtherthe inpregnation product at 110C in a vacuum oven overni ght,
calcined it at 400Cin a nuffle furnace for 3 hours in air. The ABD of the
catal yst was 0.57 g/cc. 18g of thi sEX@BP®Gst was bl ended with 100 M 3 nm

di ! | ' : _ ?
Bcanpl o, The: cAEyRE e RIS CAhE SRER ks ) RoTekol ShotRi it
Control Bxeopper datalystrinasdorépassd asing dbispeedeided faldrbihanT hepsolatompf 30g

Se- 38 w OnGoesRERLNNG) 8700 6% BHo0dnthaBBIds eGSR0 S EhEi e,
aet3 W BANOJUEANS, in 6284 il ddloArBH! Rafer MWaslBréffarell. #ogs aithRBCwad. 53 W

% n- but ane, % | sobutane, and 0.09 wt % "others was sel ectively
hydr ogenampdegnated withabaye sgludinn by usingra notary exaparedonpitgr dnying further thganpl e,

t he hydraocarbon . and hydrogen f.at.es were majntai ned at const.ant es; 3
colmin 1 JrPFRREAGHG e DF Gl At Ry RPugn e, 8t Rt A0EE B, e
cat al yst g muffleefubredatoe3 foarsintaire TRRMABD lof Brerdathlstwas .57 ¢/u6t 18y fdhisn
Figure 4 and 20 5 along the result from Exang:se 5. The Figures 4 and 5

g

cl ealr |y ¢etalysitwag klepded withehG0an! Hevm diarastes glass balls apd ddathe §ame
! . YexL e : ! . AtiSnped e
B ot ar yiralial U fhel GORRY! OEAYE ThETaRANM WA ot RHETR) thelabBuldl Tadail o

of the acgtiplteeiContrpExahipe1in a m xed C4 stream A larger batch catalyst

was prepared by using 240 granms of alumina.in the exactly sa manner
described in thEXsh |syeg?n mpe%ﬁtgpgw WS PPEBMstAYEC %ﬁ@e‘ﬂt PRMa

Cal Viico disti ; v , bt : . ¢
he cat oo opetferé HRT6SE Y{Tan oihyFaeRpicRe, B3t wi R HaioladBRe PNt 1 of
t he cat al%dt2-bathdiese, 3% ed %i-2buBine, 4413 whtlde-@shutghe, th8awg St 1+mdene,

I vated ot d ' ' t) Ex I t
TEh e a5 R P RS A7 A e BB o 1L
cat al yst gpgé@hlas é@le\é@@?hﬂ&%@éﬁa@@%%@&%ﬂyleﬂmﬁnéﬁﬁtﬁéﬁi &M 10 hAPURI ti es
in the sane feed used in the anple 6 were renpved by carrying out the
sel ect i vdhip éxamplge e ihydracarbare andthydjegen aatesi wergt m@intained at constant

rates; 3 cc/min for hydrocarbon and 27 scc/min hydrogen. The test results of copper
catalyst in the Example 6 and the Control Example 1 are illustrated in Figure 4 and
20 5 along the result from Example 5.
The Figures 4 and 5 clearly demonstrate the superior performance of the
copper catalysts disclosed in this invention over the prior art.
Example 7
In this example, a catalytic distillation column is used for the selective
25 hydrogenation of the acetylenic impurities in a mixed C, stream. A larger batch
catalyst was prepared by using 240 grams of alumina in the exactly same manner
described in the Example 5. The catalyst (99.88 grams) was loaded in a catalytic
distillation column (1” diameter x 25’ height). The height of the catalyst bed in the
column was 6 feet. 80 inches of top and bottom of the catalyst bed was packed with
30 4" saddles. The catalyst was activated in the same manner described in the Control
Example 1 except that the flow rate of gases were increased proportionally based
on the catalyst weight.
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node. The hydrocarbon feed rate was 1.2 pounds per hour. The hydrogen rate
was 1 scf per hour at the beginning of the run, but during the run it was
changed twolmgkrmie 5 rates. The hydrocarbon and hydrogen f@®edasseeomif ed at

poi nt of below the saddle packing. The result is illustrated in Figure 6.
At the hydrogen rate of 3 scf per hour or higher, ethyl acetylene and

vinyl acetylene in the feed were practically all renmoved. Near conplete
recovery of 1,/henacelyledie imayriies i e same sed) In tig fexanaple; G vers: al yst

was much t t LM O iR AN fixed
bed oper a't’tg?{c?ﬁ?a g@ér%rlrgﬁgedmitgses%gée@}\légnﬁyd\iggé@%tw?éd outC é@ﬂgeﬁgtgfsa?@gt e the
benef i ci ahodé.fTdet hydsbcarboa feed dateiwasot.ppoandsper hoor. {The rydipgen it alagst

di scl inthis | ion to | _per.f f th

catal yot 1 561 oaphd A4FE poShrigonPRAT Byt drBE s ShatotckB e

prepcedur gai3edthk hyldAScdr8ARIRY @dr&%@h faetRdver@ felll frpdMit ofdeléW the saddle
0.04g A nd 4.0y Zn (NO3)2

Cu( N03) 2. 2. 5H20, Ni (N03)2. 6H20,” 0. 04g 8N(B a .6H20 in 100
m dei onipasHingailbe reayt isribustraied ircbiguss 6t Y tbe ydragenniateiofid saf per howr

cvapor at o Tapearo i 2kE0Ida Ao TG Afeieninin e TeBd Bord BRI 1, acuum
20 oven quRiVe8hNeat domplete adcoAeBCof N, Rbotddidree Wisnabiried. As BALWA.in18g of
this catalyst was blended with 100 ml 3 nmm di aneter glass balls and | oaded

in the sdriguredhthesatalysbyas muchaneisritalle undgrihecatalylipaperatianyredetbanyat i on

carri : ' ?dna manner described in the Control Exanple 1. A
\r,1\1ﬁ)>$<ed mtgeglgg%bggr%%g% of 475 ppm nethyl acetylene, 959 w ppmvinyl 25

acetylene and 731 wt ppm et hyl acetgkample 4.87 w % 1, 3-but adi ene, 0.12 wt
% 1, 2- [ 2 %1t-2- 4. % C- 2- 7 %

L butene. 19 83wt PEBBIMERLHaS cogest Oub . dRmansrate the BEnesinkehettane.
and 0.09 0o har: ItMel %ygt Wg.y i i yl eni c
i mpuriti edgﬂzllrrfe ?%(l!&%fﬁg&‘@graeﬁﬂl \ﬁgé tﬁ%(ﬁb ggéﬂgtg I on V\(ﬂégcléﬁ?cgi e Igd@@ttletﬁ ﬁ&g

const ant impnpwe theuperfarmTahcendf thedcqpyiey.catalgst3@ copprragatalygtivas gréparednd

M1 Socrarehring s e GRRiE Hab QiR i R BRI £, Theglpel Sokuiopg? "
02/ 0814164 CU@Q@Q%?@EHZQ ANE,) .Ehl(gobemfgiﬁéﬁba,eéﬁ@ﬂ.t@m the zinc oxide
i ncorporated into the copper cat afys . on the catal yst performance are

clearly denondNQal@HiGh inHIOD &)l ggiprizedwatpr avas prepared. 60g of the same

alumina used in the Example § was impregnated with above solution by using a
rotary evaporator. After drying further the impregnation product in 110°C in vacuum
20 oven overnight, calcined at 400°C in a muffle furnace for 3 hours. 18g of this catalyst
was blended with 100 ml 3 mm diameter glass balls and loaded in the same reactor
used in the Control Example 1. The catalyst activation was carried out in the same

manner described in the Control Example 1.
A mixed C, stream composed of 475 ppm methyl acetylene, 959 wt ppm vinyl
25 acetylene and 731 wt ppm ethyl acetylene, 54.87 wt % 1,3-butadiene, 0.12 wt % 1,2-
butadiene, 6.42 wt % t-2-butene, 4.16 wt % c-2-butene, 16.76 wt % 1-butene, 12.53
wt % isobutene, 3.56 wt % n-butane, 1.27 wt % isobutane, and 0.09 wt % others was
selectively hydrogenated to remove the acetylenic impurities in it. The selective
hydrogenation was carried out at the constant temperature 147°F and 119 psig. The
30 constant hydrocarbon and hydrogen feed rates were used throughout the run; 3
mi/min (6.1 WHSV) and 27.1 scc/min. The result of this run is summarized in Figures
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In this exanple, the useful ness of one of the preferred sol vents discl osed
in 5 this invention, tetrahydrofuran (THF), is denonstrated. The copper
cat al yst ¥e82/ogriaers) prepared in Exanple 5 was | oaded i n trag/sazm7sieact or
used in the Control Exanple 1. The m xed C4 feed used in this exanple had
the follow ng conposition; 20 ppm nethyl acetylene, 588 ppm vinyl

acetyl ene, 599 pn1etﬂy[ acetylene, 44.51 w %1, 3-butadi ene, 0.07 vt %
1, 2- but adi @&mk8. Whebenghioi!efiec féhrzing oxigleincogperated inte theseprersatatysit %

1- but ene, % | 00 0= ] : % i sobut ane,
and 0. 01 e Bt ettt are et MombRSHERNE tis exdfpll, P02 Fas
washed to renove the polyners deposkxadpleOthe catal yst with THF after
flushing out the reactor wth N as; 10 cc/mn THF, 66.9 scc/ m n at
SR g O5t0 8 Ghis SREMmle. b LsahuTessce! Ghe St hroferied srivents st inani ng
o] the ' S ' ' The
5 tRi@GhQEnti¥r, ﬂeﬁg%oﬂﬂgﬂd(fﬁgﬁ? & %Fﬂdff%éﬂagéshi’.gogﬁ‘ém'c p@ﬁe%é{dlwe(@s

constant tenperature ssure (11 mai nt al ned duri ng
t he run. gramsj prepaoedin Examptaud iwes loadéed iretheesameneactoeused instthei Cortadll e 3.

Th | f i i i il d i Fi 9.. The b k th h
e L he Bt InEiBERH Bdbet dett i Bxa9pldlatn B Bidvint st Thd
Fi gure 9.20Bim r&hgff dctylbRs NBeEpMeinyRhadtyRnes00 pphiFethy hacatyiedca4 ght ai ned

under the sane condition for the break-throu conPal ned no detectabl e

amount ofWtde di3rbutadienenfliOT wit &e 1,2-truladiane:, §, 29wk YarkBibsitene, 3Fwa e c229 psi g

Hour s r - -0y L4 - - 3 152 -
%3)6 T Per, @%9"%@@ ”?a?ée)'f)ﬁ%/%ﬂ’i'%o@%“%?%?’%% %%35%27173%‘% 7
HZ rate, % ¢spbutaneiands0.0% witSo bihels. Afieddn 126 hBuesitn streandimefthecataiystnes i s
one of the preferred solvents for the catalyst regeneration, Also THF is

ﬁng of tHeas E@SBPGfthWeé‘EP‘é%F%ﬁPB/“?%SF@RRS@Gdf%‘P theqajalygt with the aftarect i \ée
St vent " THSAo e rdiiBl Kith N-as: 10 pRITER, BB cliffh Fhiat 1370 805, o0

Ive at'i on, can I sti
col um al200epsidnforclahalnestd thed airl 57FF fardnhdwerst Aédr flashihg oabthemeacior withhe

] xed C4 feed Th i ff t diti 20 WO 02/ 081416 o
1T Lo Nergat: he SRS fwdiaerfas sonusd e conuaaLip eI ae a4 TiE)
cases. | pridfebaireqh 19938y) Wt mAiRiaiHEY aﬂ.ﬂi%ﬂg@ ARE MHeSdin W tiohB ) uriagal

internal reflux condition wth respect to
this experiment are listed in Table 3.

The result of this experiment is illustrated in Figure 9. The break through of

the acetylenic impurities occurred on 128 hours on stream as shown in Figure 9. But

20 after washing the catalyst with THF, the product obtained under the same condition

for the break-through contained no detectable amount of acetylenic impurities.
Therefore, THF

Table 3
147°F and 119 psig
25 Hours on stream 0-26 26-50 50-74 74—-98 98 — 128 128 — 152 152 -176 THF 176 — 188.5
HC Feed rate, mi/min 2.9 5.8 29 29 5.8 7 7 wash 7
H, rate, scc/min 45 45 45 15 10 45 45 54. 45

Break through of acetylenes
is one of the preferred solvents for the catalyst regeneration. Also THF is one of the

30 preferred solvents to be used for carrying out the selective hydrogenation using
catalytic distillation column. When THF is used as the solvent in CD selective
hydrogenation, THF can be fed to the distillation column above the catalyst bed or

it can be feed to the column with the mixed C, feed stream. The different conditions
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THF will be renmoved fromthe colum as the bottom product for both cases
and recycled to the colum. However, a part of the recycle THF streamw ||
be purifiwo /o8i@ separator to avoid the heavies buil d-upcrrusohersiecycl e
stream before returning to the colum. Exanple 10A The copper catal yst
prepared in the Exanple 5 was tested for the selective hydrogenation of
the acetylenic inpurities (7132 ppmtot al acetylenes) in the mxed 10 C4

f eed usedor thetgaiuron Ppeamtionwihecneedegtfos thesedwesgageps tinihe lattessasa, thet h 100

m 3 nmm Cgfﬁﬂﬁh%" géaﬁéraﬁgé Lﬁd@%e thﬂSﬁiel’n% é?l%x %ﬁﬂltﬁ)ﬂ%&rwesg@ctttgefk@mro'

Exanpl e e ca was activa nt cal r-as in‘the
Control BxiFmik bé. rem%d%m%emhhmdrazg&mbommvmduat fardsbthuases and

constant tenperature 47F nd 119 ps The hy bon and hydrogen feed
rates werr€cycled {3 g ¢p %’5‘”8%"%‘@(3' ?g’aég?lf the rg@gﬂ?ﬁi‘ﬂ;%%?j@cwlll\bggpr%pgr t he
figst 66. and
' in alpbratBPtoSdV me @%ﬁgﬁﬁ% COere)gfclésﬂ‘eFHS Bedrd etdi .n}

24.1 scc/ mn, "'respective catal yst pronote

paI | adi urthwa:sltpnmapar ed accordi ng this invention. The alum na used in the
Exanpl e 5 was cal cined at 900C for_3 hop f_%n 20 air. A mxed sol ution was
prepared by dissolving 28.7g Cu(NO'é p'es Ni (NO3) 2. 6H20, 0. 04g AgNG3,

0.34g Cr (NO3) 3¢ @%Mﬁal?é@pr@%%%&h@@&mﬂe@@as%stéé'f@ﬂhé%élé&%r The

above cal cined al umna (60g) was inpregnated with this solution by using a

rotary e\mplm@artaﬂonnﬁtla amtvlpn@rmmwmﬁg (Th pnmrtégaiacetw\ermsddume mied110 in

Sonr s oo VEUTA BN coblrolRaBlec? 18] findPalsf wasBedd<d Wl IB6T =
(Al drich Bfndakméter @[és‘dtbé}fsl%d(d\lﬁabjéd iimtHEDsavhe Yeattor ir\:trmccdbutrcs;v@xa&ﬁmﬂ@yed on
t he copper _cat al yst heres (29.762 grans) by usi n% an_atom zer ile the
copper cat dihgs¢at @‘p!ﬁb‘f"é% acﬂ)éﬁtéd ipthe W&nﬂﬁ‘ﬂdﬂﬂnw anio theLortp! Ex@apled- evenl v

t th
roduce 4 T Raccu lrbGEn ARl fdyeRhalbi et codstah et Bt pl I AT ant®
sol ution ‘Isl;S)rmygadTbehgid:dcavm and hydmgeatfeécﬂiﬁa(ﬁei; oer@ 2t9)m1/sn|nr05 87rWHS’Vé) ABD
f_the Cu/Pd t 0. f t h t
i cat sAnaSR0FTEIN. 5pachioh nmeNes SourS ofystream and niangedyo

02/ 08141%362%#%/978%1%@\2%9& 2y &&ﬁﬁ@lr&s;se&%l;bl ended with 100 m 3 mm
di anet er gl ass bal Is and | oaded i n the same reactor used in the Control

Exanpl e 1. The catal yst was Example 10B
A copper catalyst promoted with palladium was prepared according this
invention. The alumina used in the Example 5 was calcined at 900°C for 3 hours in
20 air. A mixed solution was prepared by dissolving 28.7g Cu(NO,),.2.5H,0,
Ni(NO,),.6H,0, 0.04g AgNO,, 0.34g Cr(NO,);.9H,0 and 0.34g Co(NQO,),.6H,0in 110
ml deionized water. The above calcined alumina (60g) was impregnated with this
solution by using a rotary evaporator. After further drying the impregnation product
at 110° in a vacuum oven overnight, it was calcined at 400°C in a muffle furnace for
25 3 hours in air. 5.469 grams of aqueous palladium(ll) nitrate solution (Aldrich 38,004-
0; 10 wt % Pd(NO3), in 10 wt % nitric acid) was sprayed on the copper catalyst
spheres (29.762 grams) by using an atomizer, while the copper catalyst spheres
were rolling around on the flat surface, to evenly coat the spheres with the palladium
solution. It is very important to produce a fine mist of the palladium salt solution. The
30 palladium solution sprayed product was calcined at 250°C for.2 hours in air. The
ABD of the Cu/Pd catalyst was 0.52 g/cc. The analysis of this catalyst indicates
8.20% Cu, 0.71% Pd, 0.20% Ni, 0.11%Cr, and 0.17% Ag.
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activated by the foll ow ng procedure; (1) heating the reactor to 230F in
100 cc/mn N2 gas flow, (2) adding 200 cc/mn H2 to the N2 gas fl ow and
hol di ng fwpD 03/0bwé s at 5 230F, (3) shut off N2 gas and i neceasongsitH gas
flowto 300 cc/mn, (4) heating the reactor tenperature to 572F, hol ding
for 3 hours at 572F and then cooled the ‘reactor to 147F in 30 cc/mn H2
gas flow. The acetyl enic |gg:>ur|t|es In the sane feeg' used ip the Exanp

10A were renmRAPiiDiscatalyst was Riendsgavith 188 miherg %@WS'WM@@HQ i on

s
hydr osar Laiadin (e Sme rB B e R g B e B Y B sty s
scc/mn aictwatedrl:qetbecﬁollqwegm(mctnfre 119) heating, theesactot to/2307F ih dOOtceAmihi r st
73 h t th 6 S d 74.2
cocimin: ¥z a8l ) 3euedh SERYH Hartodne Neetrolv apf Heidiador pRUScHh af ys:
wes WasheBoart {?)%ﬁﬂ?@ﬂ@%@s”ér‘d‘h@ea@n ﬂggaemewhe&,mamlm (4fh&atiiy thec/ m n

H2 flow for 5 hours sel ecti ve hydrogenati on was continued at 'the sane
condi t i orfepdlor teraperaiutentp béAZsroldiagifor grhoursiral b &2°Fhand iteerr eneledathe

m / mn) o) the m xed C4 feed. After that, the
feed rat ggg\%&f& iﬁ%rft %dé&ggfﬁgqﬁﬁé?ﬁvﬂé% xed 4 feed, | mM/mn benzene, and
90 scc/mn H2 Thy a&ét?len&?(ﬁnﬁxﬁltlésthtﬁe séﬁda rhRNuse® irf fRIEKampRe WBA8vere
increased to 15 mM/mn mxed C4 feed 20 M/ mn benzene, and 112

sce/ i n mgrrmvefirm/ seéeettverhWegereﬁt@rgé' hﬁsﬁqjecftwe hyssogenatiosowas sarried qutt er
T of Gt LSRN RFE%A2P, AW U nfiiacBibdh AREHEARAMTERAPT |

t he sane ratnrsﬁn/delte 3)17 mlxmm (BdVMHEV ¥ a&ﬂ;tﬁaice/mmfsatrtbéhreadtot@réﬁhu;éldmm Q\Th Xled
4 feed, 1 m n scc/m.n H2 for the next 66 ile
cacpi g’ dSibreSp el TS URs AP Ao A e Bsehansted (91t FUEHIN & of
the EX&”R 8 \Mﬁ‘;\ﬁ)‘%d 748 s%[:ﬁm'n'dtH@Brp%{?e?eégdécﬂ/élwlﬁftéﬁ@S‘H'odé onfdtAgy W th

the Control Exanpl'e shown 1 n he’copper catalyst, which
was not rihematt@ylstvwa&\AmheddeTbehwe(éOyanmm)aatt1|QQ°Cyand116&31sugwgn 7#.2h t he

Wi or onatniag a iy s st s Sere RV el W Bt iR se™ <!

i nventi orbonuhenqaétadeféie %tbéﬁzbhe\Wéish far 2aRouslduY beRBERY EFl6 reitthiR) Waisngl Y,
t he pal | adi um pronot ed %er cat aI has far superior activity than the

commer ci #o-fed t@émeetﬁaot@\m theguixedi e@dt/éftgrsthat Yoe ferst wteoweirritangeg1416

R R s o SR T sl e

acet yl engmoury.eAnd ititers therteed adtes were increased to 15 mi/min mixed C, feed, 1.5

20 mi/min benzene, and 112 scc/min H, at the reactor pressure 95 psig for the next 30
hours. After that, the selective hydrogenation was carried out at a reduced hydrogen
rate of 95 scc/min for 24 hours, while keeping other process parameters at the same
condition. And then the feed rate was reduced to 10 ml/min mixed C, feed, 1 ml/min
benzene, and 54 scc/min H, for the next 66 hours, while keeping other process

25 parameters at the same condition. '

The results of the Examples 10A and 10B are illustrated in Figure 10 and 11
along with the Control Example 2. As shown in Figure 8, the copper catalyst, which
was not promoted with palladium, had very low activity in dealing with the high
concentration of acetylenic impurities. But when the copper catalyst was promoted

30 with palladium in the technique disclosed in this invention, the catalyst activity was
dramatically improved. Surprisingly, the palladium promoted copper catalyst has far
superior activity than the commercial Pd selective hydrogenation catalyst. Yet more
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pal | adi um catal yst despite of its nmuch higher activity. Al so the
deactivation rate of the palladium pronoted catal yst was much better than
t he conmewoioalosRde cat al yst orthe 5 unpronoted copper cat alPgItusoTiniss1 exanpl e
clearly denonstrates the superior performance of the pall adi um pronoted
copper catalyst for the selective hydrogenation of high acetylenic feeds
over the palladiumcatal yst or unpronoted copper catalyst. Exanple 11 10
Gamma al @uirprsin@yt thienpesent palladium pregmiotech cafalysidage Alsh@ gopationd®d-ne/ g
surface ar . . QL0 t - I rgdj 0 plier
of this %ﬁ%%eﬁ%?y@ﬂeé{ptm %%’f‘gr(fzogl\/égﬁgf' %@Hgl %%t}ﬁ'g\ﬁ?g dlvggﬁplé Cc&%ﬁg?«%i'ﬁe

al um na_ygsfiddium taalyst@sspitelof ks aguhehigheBistivitniAisgtherddattivatiomiatéofthe | ower
ABD (0.50 g/cc) than the alumna (0.792 g/cc ABD) used jn the Control
Exanpl e Palladigsn eﬁqweepa%@stM@S@vmbﬁ@e%m@!h@%@w'em@y@tamtecth@. 0479

AGINCB, 03@%@0%@@ &0§8§H§%t@2& This% a?%l%‘oél)egrlg%bﬂstﬂgtés ”?hedglij[?(\%}‘\ﬁ:ict?rﬁd

wat er wa repar ed. e granula al umna were I npregnat ed

above solpgrfoomalbpge usf nthea patibdiuyn epegpootetorcoppét ecatalysyifog thee sebgotizgnat i on
product in 110C i n vacuum oven overnjght, calcined at A, 400Cin a nuffle
Furnace fMYOReasnAI0E ot figh petipnic fegds e the palRGHRLRAIYSh Ot YGPAMI§d
di anet er mefchalyst. and | oaded in the same reactor in the Control Exanple
1. The catalyst was activated by the follow ng procedure; (1) heating the
reactor to 230F in 100 cc/nmin N2 daanipleW,l (2) adding 200 cc/min H2 to the

Tt easi nepphiAupag{deingd oot i Bind Rlndaits i apBlfadma®
t enper at Wigface £H62Fwadgrdirlddiond-L0mesHgransiedt Acédrdhizio meduphrér ¢fapised t he

reactor to 147F in 30 cc/mn H2 gas flow, The sane feed used in the Control
Exanpl e Bly@minadhe cemapierial &f deisnalietina ig idantisaktoatha luspiaiugedrintthes at

hvar el BRI Bt L5 gl Mgl T ApTE 0 Bt B8R o
sc./mn, alesirect0.voRyg/ctheBD) hesederd thertGentrs rExampleeads & sotutidndof 30gi n f or
45 nour s CuRGa) 860, A NG SHEOT B0 ToARNOIb BB D 1adiadbd to 3
Pyl ogen T 200 CoMt oG Aoy o e o S ekor ESRPERART 0B ek ol St
The conpalumora were mepregaatadewith abofe tshiutioaxdneusing @ rotanyheviaposatonfAf@eamt r ol
drying the impregnation product in 110°C in vacuum oven overnight, calcined at
400°C in a muffle furnace for 3 hours. 18g of this catalyst was blended with 110 ml
20 3 mm diameter glass balls and loaded in the same reactor in the Control Example
1. The catalyst was activated by the following procedure; (1) heating the reactor to
230°F in 100 cc/min N, gas flow, (2) adding 200 cc/min H, to the N, gas flow and
then holding for 3 hours at 230°F, (3) shut off N, gas and-increasing H, gas flow to
300 cc/min, (4) heating the reactor temperature to 662°F and holding for 3 hours at
25 662°F and then cooled the reactor to 147°F in 30 cc/min H, gas flow.
The same feed used in the Control Example 1 was selectively hydrogenated
to remove acetylene impurities at 119 pig pressure. For the first 29 hours on stream
time, the feed hydrocarbon and hydrogen rates were 1.8 cc/min (3.6 WHSV) and
25.7 sc./min, respectively. Then the feed rates were increased to 2.4 cc/min for
30 hydrocarbon (4.9 WHSV) and 34.3 sc./min for hydrogen rate for the next 42 hours
on stream. After that, the feed rates was further increased to 3 cc/min for
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Exanples 1 and 4 is illustrated in Figures 12 and 13 to denonstrate of the
effect of 5 ABD of support alum nas on the catal yst performance. The

cat al yst woepassads usi ng | ower ABD al um na, which neans hi gearuoonmssity, in
this exanpl e outperfornmed the higher ABD al uninas used in Control Exanples
1 and 4. The alumnas in this exanple and the Control Exanple 1 were
prepared fromthe sane raw materials. But the |lower ABD al um na used in
this exarﬁYdéO%ébQﬂl {6 1\V\WHBW) buthydeagendeed taie was lowered te 3Aei/min,amt ieeni c

i mpuri ti %’Q alyst in this exanple has a better 1,3- butadiene yield
than in the ? Exanple 1. The alum na used to prepare the catalyst in

t he Contr ol EXTEtreDb@nﬁaI‘ieGn iofiche tigdtaesultiop this axperinent witiethosef sfr Centrolange
of surface area disclosed in t i,s invention. But the ABD of the alumna in

t he Cont rofampeshANd 41§ U@tr@ts dn E&gur%ﬂeﬁnﬂs1%togq’\%momta@#etq{éh%eﬁe@trqfed ABD
(. 659/9&%0%§u@mrgﬁﬁgisanttﬁééztmpéﬁannam ﬁf\é patal C?Pf‘%ﬁré’é ug.'a@

catalyst in the enovi ng acety
appr oxi mdoweyABB dlgmima, tvﬂtlmememlsénghmtpommttyEmﬂnm marnplaobmmrfcﬁnmqme 11.

Th lLittl f th i el f t

Eeanpl e 1iSioRBRLabERRS useRaEethS! Exdimples 1285 47d eebSERR L Hise
superi or é?(%?ﬁd;ﬂé 220 12470 QBnﬁBIEE)@thQQ'W@PeFﬂ’r@ﬁ@’eﬁqrdF\Qﬂ{@éamé?é\@h%é‘-iénélé”BGthe

sel ective hydrogenation of a feed containing relatively high concentration

of acet yltbailewempBD aluminatused iexthispexamale esults dal noere. effedtivpmatalysitial yst

o na JE pREOI SRRuBLEECTRE, RARH I Subgelathe hat it befer 1557,
A m xed dnitadiens Wad thaepaties Contrdl Examplang. JrhéﬁélGnﬁM V884 2o HrodarbABei N a
palladlumnltrate solution prepared by diluting 4.61 g 10 wt % Pd( NO3) 2

sol ut i on Gataly® in fie Goptrol Examelert pas tie suifase, afeaf@"mgm the preferrado@Nge wit h
6. 3789 dejfQnHagda glgclosgd PhiLhvERich But b ﬁBb\L,’é]f'tﬁé' a}’ﬁﬁ'ﬁmﬁ@ﬁ ﬂyeeéoﬁ'?%?’og of
eres by  Using

cal cined alumna sp an atom zer um na spheres
were rol IExayn;aleoaunsi »as ag/td: aWhmhr fsab@haﬂ thanl thbqurefdfreeds B ge0B5gdernt) was
dried at 11 vacuu The dried was .calci ned at 250C for
Hohoar o iditinsed ndnianisiion: e Seaqivenssuobine carlvy 61 GRBTSLEATEE was
m xed Wt f

xed W ik i et 4Bl bffeBbRpdRatchy 108 IO Meon hovER® ||

sane manrsanigiect |alnddtherEBmp1el é1 1IherEh|e ltite differance o thp yiedtd of the 1L sarre

feed use%dtgdu"eﬁg mcﬂ'?t rI':Oxa I%n;Pll gndo’tﬁl\ée&on{rol@%éargplté&.car rying out the
Example 12

20 To demonstrate the superior performance of the palladium promoted copper
catalyst for the selective hydrogenation of a feed containing relatively high
concentration of acetylenic impurities, this example was carried out.

A copper catalyst promoted with palladium was prepared according to this

invention. The alumina used in the Example 5 was calcined at 900°C for 3 hours in

25 air. A mixed solution was prepared by dissolving 1.866g Cu(NO3), 2.5H,0 in a
palladium nitrate solution prepared by diluting 4.61g 10 wt % Pd(NO,), solution in 10
wt % nitric acid (Aldrich 38,004-0: 10 wt % Pd(NO,),) with 6.378g deionized water.
5.569 of this mixed solution was sprayed on 30g of calcined alumina spheres by
using an atomizer, while the alumina spheres were rolling around on a flat surface

30 and then the sprayed product was dried at 115°C in a vacuum oven. The dried
product was calcined at 250°C for 2 hours in air.
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5 sel ective hydrogenati on. The sel ective hydrogenation was carried out at
the constant tenperature of 142F and 108 psig. The hydrocarbon feed rate
was kept wato2d®i4mé / min (20.2 WHSV) until the end of the rwaT/tdowerser,
variations of hydrogen flowrate in the range of from44 scc/mn to 90
scc/mn were nmade during the run. The results of this Exanple 12 and the
Control Exanple 3 are illustrated in 10 Figures 14 and 15. The superi or
catal ytic acti\8 g ¢f this eatalygtwasmixed ]M'tbrﬂﬂtoefﬂl efobpun diaraeter glassdadle ande

feod r ot OTIREI S SRR uhaath3RE; CoRRIERIMBIeC. PR Eh STl
Exanpl e Jctitvhediathesirmenprrmep dedeisqiabExadiplé 1$1 TiHe addtdehie donfsbierls
product _contai ni nfgel ess t han pm.C4 acetylenes with a superior yield

(expr essdd the samefeedysed in Hw:%@efr@l El@mafe 3 were remgved Sy astyingaut the
di C4
trgaditi Oefés%'k?dgﬁgeﬁfdne @@tﬁ%% jhé el EQRE A Eé@’%"i@"ci' sTRSr e%C%\G?raY t%

acetyl en % conve acety enes;
per cent rmmyembemumodtM%ﬁmd to&qugv&rmrhydrooamﬁﬁ%ze@naiea/l/as:)lkem

acet Iene nd ,100% regoyery i alent to % gonver si on
of °1) 3 bR laram Gy 2 REYT inG e CBE ) el Ve ovaliatiphs BSOS | n
the prodyehgraté tHé KRG $bm 4B StcHHinttoldo sddMiP Rl fidd® (ﬂlﬁrﬂ{g)lth%quﬁopper
catal yst has much hér reactivity toward to vinyl acetylene than the

traditional pal heamsu @éthmquampraé 2rand thei Gantrgrioxample T eppiiustrateal st has

Pyt Tigresad e e dhEFUpaaRt cateia pERvisl s BABAIR BpEREE Srngr st

has severgatalyst@serhhe hediteal paﬂa/dmhmacathtygt tsraéamy gemlonBetatadf. abspiterad yet
it has a _superior selectivity retaining - but adi ene, 25 WD 02/ 081416

bCT/ Lo 2 TiataTTteedeat iy EEnBRe 2ot pdst 4 1 timesc graater thamothal aaf deentyel

hydr ogen f t o) onent
of a1 caniethlg AR IR AB Wby CRRARY SRREE o Ce DrORRRCT T e
t her eof mMnmlguessaahammﬁ)oppmﬁgrmoetylegeawlﬂheampeaoeyce‘ld t(bxpressgrbEisi es of
average pore dia appar ent. | k . densit of l ess

than abodecevenydn d@urez 5%@ S'éqaééeg‘Aeag\r‘,‘?fr erifAditiona bﬁa?ﬁ“ai"% 3lystig a

oo e M ST ecSies o & AUBREN gefped'y Sp0AL Ve,
conversion of C, acetylenes; e.g. 0 percent recovery of C, acetylenes is equivalent
to 100% removal of C, acetylenes and 100%1,3-butadiene recovery is equivalent to
0% conversion of 1,3-butadiene.

20 The ratios of ethyl acetylene to vinyl acetylene in the products are illustrated
in Figure 15. The palladium promoted copper catalyst has much higher reactivity
toward to vinyl acetylene than the traditional palladium catalyst. The palladium
promoted copper catalyst has approximately an order higher activity than the
unpromoted copper catalyst. It was unexpected that the palladium promoted copper

25 catalyst has several times higher activity than the traditional Pd catalyst and yet it

has a superior selectivity retaining 1,3-butadiene.
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4. The catal yst according to claim21 conprising a conponent of at |east

one G oup VIIl netal conponent and a Ag, Au or m xtures thereof conponent.
5. The cawalwssi4a€cording to claim 1 conprising a conpone®CTafSoxbt7sieast

one G- oup VIIlI netal conponent, a Ag conponent and a Au conponent. 6. The
catal yst according to claim2, 3, 4 or 5 wherein the Goup VIII conponent
conprises Pd. 7. The catal yst according to claim2, 3,4 or 5 conprising a
Zn conpondwtinvegtionrglainged i yst according to claim 1 conprising an al um na
support havin av r ' Ml st
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hydr ogenglopnsiiticht 8F 8intixBitBIherfbf. The process according to claim 13 wherein
a soluble polymer is continuously deposited on said catalyst during said
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PCT/ USOZ%%%EE&I']P@S%\{H mttently interrupted and a sol vent for said
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said polymer_and restore a portion of the activity of said catalyst for
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hydrogenq{o@noﬁéﬁrt%g{dﬁs@g%. 17. The process according to claim 16 wherein

a sol ubl e pol yne
The catalyst according to claim 2, 3, 4 or 5 comprising a Zn component.

8. The catalyst according to claim 1 comprising an alumina support having
average pore diameter larger than 200A.

9. The catalyst according to claim 1 comprising an alumina support having
an apparent bulk density of less than about 0.7Og/cm3.

10. A catalyst for the selective hydrogenation of acetylenes comprising a
copper component at least one Group VIII metal component and a Zn component.

11.  The catalyst according to claim 10 comprising a component of Ag, Au
or mixture thereof.

12.  The catalyst according to claim 10 comprising about 0.1 to 25 Wt% Cu.

13. A process for the selective hydrogenation of acetylenes comprising
contacting a feed containing acetylenes in at least partial liquid phase with a catalyst
according to claim 1 under conditions to selectively hydrogenate said acetylenes.

14. The process according to claim 13 wherein a soluble polymer is
continuously deposited on said catalyst during said hydrogenation to reduced activity
of said catalyst for the selective hydrogenation of acetylenes, and said hydrogenation
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continuously deposited on said catal yst during said hydrogenation to
reduced activity of said catalyst for the selective hydrogenation of

acet yl enewp oasnsii4s@i d hydrogenation is intermttently int@cmusbeasand a
solvent for said soluble polymer is contacted with said catal yst and
renove a portion of said polyner and restore a portion of the activity of
said catalyst for said selective hydrogenation. 18. Thegprocess accordi ng

to clai maigmeRenty bierurisdanc a sl s sais solyalgolgRer srcontacted with
t et r ahy drofi gayd Ui rerotks 3 SRrABR-of e polyriaRa DL PBbARA of feNZene

or tol uene.
activity of said catalyst for said selective hydrogenation.

15.  The process according to claim 14 wherein said solvent comprises at
least one of tetrahydrofuran, furan, 1,4-dioxane, ethers, gamma-butyrolactone,
benzene or toluene.

16. A process for the selective hydrogenation of acetylenes comprising
contacting a feed containing acetylenes in at least partial liquid phase with a catalyst
according to claim 10 under conditions to selectively hydrogenate said acetylenes.

17. The process according to claim 16 wherein a soluble polymer is
continuously deposited on said catalyst during said hydrogenation to reduced activity
of said catalyst for the selective hydrogenation of acetylenes, and said hydrogenation
is intermittently interrupted and a solvent for said soluble polymer is contacted with
said catalyst and remove a portion of said polymer and restore a portion of the
activity of said catalyst for said selective hydrogenation.

18. The process according to claim 17 wherein said solvent comprises at
least one of tetrahydrofuran, furan, 1,4-dioxane, ethers, gamma-butyrolactone,

benzene or toluene.
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