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WO 20061083336 PCT/US2005/038926 PROCESS AND CATALYST
FOR SELECTIVE HYDROGENATION OF DIENES AND ACETYLENES
BACKGROUND OF THE INVENTION 5 Field of the Invention The

REesRINLARReRtion relates to a process and catalyst for the selggtivgs00s/038926
hydrogenation of dienes and acetylenes in a hydrocarbon stream

containing hydrogen, methane, and Cgs to Cgs and heavier. More
particularly the invention relates to a process wherein the hydrocarbon
stream is fed between catalyst beds 10 contained within a distillation

columnpeeaetes Meraarienlarythe pvepiigralates VD REEIERES pich

utilizes a novel catalyst. Related Art The %Efor product stream from the

guench system of a hyo@&@%%@té}‘&@ %@fr‘@h‘i’éﬁly consists mainly

of hydrogen, methang A22<CR©\efims @nd parafins N 1H&2-C6 acetylenes

%n%:igﬂgsl berﬁ%ene, toluene, xylenes, and other C6+ components.
EFaratidh'ang é%%very of the products according to carbon number is

generdlheagcmaptisheghina selgtemntial diptiiation systeatafier the thestselective
ration. of hyd fromt N i e 0 -
e o e s ot i 2, W B SR qntaiing

krvalragetimatians ian@lativécoBasorntlityas™ne oldaires pacéyierrdhadiavention
flignes ©f 45 GBS GAREM PNRRIAIE. S5 s MAING FediHEHIEO-REQENES beds

the pure olefin products. One method of circumventing this problem is to

firNABpE ME the AistHIGHO FRBEPRERATRE WA hEA i YalbctiRiyvention relates
hydrptreat eachdiastiortacarvweeddhayatetylene and/or diene to its
&%rig%gg%\nrging olefin or paraffin. This so called "back end" approach

requires a separate 25 hydrotreating system for each carbon number

fractior ias veeibaprddugtisitemofarmréuu iterainsysteof hi/drbydmotarbactsteam

SYRE ialie et MEthad ﬁﬁg&%@%r%tﬁgﬂé‘a@d—@% CARREI D araffing,

separation using the contained hydrogen as the SOUTCe of hydrogen for
freconder i SENiS RO - HRBASrARNERAC apiSIOEER. hay'BRteadvarfagén®f Cet

ERMPWREhEs SigaibisanidprsHenebthe wka e o thectaathstisamienti@mber
cold box_ 30 thereby reducing the size and. refrigeration requirements of )
RSP R B DRSO/ AR 1678 T e gration
ohketemeeoinveT sienrobtlbRitosCiginprbeswiercatt tyberwsmml, dienessign of
m@hg%tti%%on sysiem is complicated by the fact that the differences in relative
volatility of the olefins, acetylenes, and dienes of the same carbon number are small
making it difficult to produce the pure olefin products. One metheod of circumventing
this probiem is to first separate the carbon number fractions and then to selectively
hydrotreat each fraction to convert the acetylene and/or diene to its corresponding
olefin or paraffin. This so called "back end" approach reguires a separate
hydrotreating system for each carbon number fraction as well as the addition of a
requisite amount of hydrogen to each system. An alternative method is to hydrotreat
the feed stream before separation using the contained hydrogen as the source of
hydrogen for the conversion. This so-called "front end” approach has the advantage
of removing a significant portion of the hydrogen from the feed stream to the cold box
thereby reducing the size and refrigeration requirements of the cold box,

The invention outiined in U.S. patent 5,675,241 proposes a one step

conversion of all C, to Cy and heavier acetyienes and dienes without the
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1 WO 2006/083336 PCT/1JS2005/035926 hydrogenation of the C2 or C3
olefins. The patent relates to a system that is described as being capable
of removing 70% or more of the hydrogen in the cracked gas prior to the

reqpheacigagegenic separation by the hydrogenation of the C2ptere42005/038926
acetylenes and dienes and the C4 and heavier olefins to paraffins.

Removal of 70% 5 or more of the hydrogen improves the economics
through a significant lowering of the energy requirements for the
sgicaggivationtiod 02 dnd trebyisieforapohbrtasynirediatiy thea msydtegethat is

RaLtiAL BIESS U S SRBLIHIOBAR ATMIFFO3L I9VWRE RIERFIY S ASULWIH e cracked

reduced refrigeration. However, the patentees did not disclose a specific
atayST SR eniRffefRM ATIGIT A RARERTIONI AR AYE 7897580 BY! isicte to C.

iscdQicanunprivirvasd Ry HRemvnareiVis. deiasts g3 @Ad. themoval of 70%
patente?& {Pg;ein allege, that the process descr

ibed in U.S. patent ,
516792 RO TIPSy S RS RGOS &[&HH@&&@B&@HBE@W&&PQ of
Ibes:0éeinyemerand progylehe . sdparetien sirtbe Cherediasvierdisaipsednts. By

| [ luation wi I hat i
B e o D D R B B bRsoures

ene rogenation ca

eodtaiiing dess thafrizeoatippmtizdvenss, (Hiemsiesires pidrpottdissrmproveecific

by, ading,pelishi im fgacfeys it Nyhich |
e o CISHIe oy el S o ich i

FREBSE H SVeIsHRE RS LTt b ve PRERBIRENothb i8R ARIERIR S rglein allege
preReEatdoeevel sadalsd asUie waynieoNEARe Rrokie ms assegiated a single

ith the pri front end hyd ion. 20 Jt i d fo.

BB R S SRR AR T s, s
dmestepsfmmti@uitmeétyieﬁa@ﬁydh@giamtipatep@@ammﬁmmﬂirtbm}uaﬁm with a
S e e L R A st
Shiiatieg lass Hesd 40PfLURRBY Prbcelsingter aransasyueenisdolinwepve the
futhesadyaniage thatdheLeamauakelpelymariradpndniBeleweicactor. This

portion of the distillation column reactor is reduced. It is also an

é’&@éﬁf&i‘j‘éﬁ%ﬁ %@%ﬁﬁt"ﬁﬂéf?@s@?ﬂé‘f’ ‘é%@ﬁéﬁ’é%% %%ﬂ@?@sé&%ﬂ@mem&
argnbot erdueecoighibing eatadysifeams: SLIVIVEARYa04F dvl BRNTIOMe way

e J%%ﬁ#lgpo\ﬁ Qﬁ%%”a%‘éf%c?%‘ée gelyst ahd %‘ﬁehﬁgroﬁﬁé‘?g%‘ RYoaehation.
using novel catalyst Tor removing‘acetylenes and dienes containe
within ¥ peogluctdvantage of the present invention that novel catalyst has been
developed to make a one step front end acetylene hydrogenation operable without
the loss of ethylene. A particular advaniage of the process is that the acetylenes and
dienes in both the heavy and light products will be hydrogenated thus eliminating the
need for further processing of the heavy products. Itis a further advantage that the
amount of polymerization in the lower portion of the distiliation column reactor is
reduced. ltis also an advantage ofthe present process that ethylene and propylene
contents are not reduced in the ireated streams.
SUMMARY OF THE INVENTION

The present inventionis a novel catalyst and the hydrogenation process using
the novel catalyst for removing acetylenes and dienes contained within a product
stream from a pyrolysis plant in a single step. Briefly the present process for the
selsctive hydrogenation of acetylenes and dienes in a mixed hydrocarbon stream
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stream from a pyrolysis plant in a single step. Briefly the present process
for the selective hydrogenation of acetylenes and dienes in a mixed
hydrocarbon stream 2 WO 2006/083336 PCT/US2005/038926

Gt aigingGasto CS5 hydrocarbons comprising contacting a migeeveanos/nss926
hydrocarbon stream containing C, to C8 hydrocarbons, including

ethylene, acetylenes and dienes and hydrogen with a catalyst comprising

(A) 1 to 30 wt.% based on the total weight of the catalyst of a catalytic
@orxpeing it ,db g ket ariyrbomickehandionecotantng elemedtsySserbtadstream
JB%%WE%QE?H% ‘?”gg&%ga%é%ﬁgf’%l ' “éﬂaﬁ@ﬁ%?%@gﬂgh%%% SYRLs and
magnesium, molybdenum, calciim and bismuth deposited on a

rsperrhaiiing ceiel wBET Bl B A é 40t Grofd hasasbu teotehs yedght of the
dQ18hRLEFICBRNRIY OB I O RAD AR AR OLHRENERH BBre ciements

average pore diameter of from about 110 to 450 A under conditions of

A b e A e

;ﬁ'@g}e@d o iU?ermﬁcﬂm_ Q@gime@htham@_ i _iuemydm@matt@a Oﬁht(E)_@%IhMﬁiﬁﬁaving
n S IS carried out.in a distillation u reactor rein the

B B A O T B RIS, S NG Bore votume

ofyidooySriativn aualy St eiraniditichan metaaencrddsdrastaeetizdrbelbout 110

q&?gﬁ?ﬁsu %%%HSF&W&&?@&%%%?&%Q g}@&g&ﬁet@ga; I A Qfogenate

ydrogen exits the distillation column reactor in the overheads to " reduc
aretdaeesPibdefsstream processing equipment. The catalyst used is

nickel glone BRPRRREHPRICSYLHR ANBIRRIRIHARIRSE JIRIBHNS S UM dienes

consisting of copper, rhenium, palladium, zinc, gold, silver, magnesium,
&FBERShaHE G HIRIBRs I HEAFREUHP BRIk B6ppRA IREFRSHIrom the
2raadrdilkam 2infspbldweibre v agrizsifinmy snobdrieuncerigistianddditional
bismuth maqdifiers on t atalyst is relatively small pared to th
R R PR T e A RS o g s
it suppemuThel matelggo sttt histdefivareoepositadoriratsapperneads to

hayipg & BELSUase asemof fam abestdio ahoutign. m2/g, total

nitrogen pore volume of from 0.2 to about 0.9 cc/g, and an average pore

25 diara?eiapySouRed 5o Cka &g s YBRicriipyringe glemgnt selected
£ORSISHBIRb @luBtRaisaRig Ao iEMar talclriusiCp Alaaing, antcchgsanakiiver,
Alumina is a preferred support, preferably alumina that has been calcined,
PRGN R AL PR T 08 TS0 PR A BRUTLR e SRR, M.
bailaatrfe astc309td reibrer prefenabkly at molybdenum calcium and bismuth modifiers
on the catalyst is relatively small compared tc the amount of Ni, i.e., less than about
5% of based on the Ni component on the support. The metals (or oxides thereof) are
deposited on a support having 'a BET surface area of from about 1 o about 100
m2/g, total nitrogen pore volume of from 0.2 to about 0.9 cc/g, and an average pore
diameter of 110 to 450 A. The support is selected from the group consisting of
alumina, silica, zirconia, talcite, silica alumina, and charcoal. Aluminais a preferred
support, preferably alumina that has been calcined at a temperature in the range of
700 to 1200°C. The preferred catalyst will have at least 30%, more preferably at
least 50% of the pores larger the 100A diameter and a total pore volume from about
0.2 ccl/g to about 0.9 cc/g and ABD (apparent butk density) from about 035 {0 about
0.75 glce. |
BRIEF DESCRIPTION OF THE DRAWING
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least 50% of the pores larger the 100A diameter and a total pore volume
from about 30 0.2 cc/g to about 0.9 cc/g and ABD (apparent bulk density)
from about 035 to about 0.75 g/cc. BRIEF DESCRIPTION OF THE
BRAMIINNES33 WO 2006/083336 PCT/1182005/038926 The Fipgraiasiosszs
diagram in schematic form of a preferred embodiment of the invention.
DETAILED DESCRIPTION In the process the catalyst selectively
hydrogenated dienes and acetylenes 5 in a feed stream generally

compri$iAd isydedgarflanstisareminseis Al eEN&f @ BB adiment of
RS the-gasstream from a pyrolysis plant. The feed may contain low levels

of CO. Hydrogen for consumption_i ion Is found in the feed, but
additiona)I/ hyc?rogen can b%%%%%tﬁﬁ @géﬁﬁ%ﬁé atalyst hydrogenates

the diéméise anccacetylenesdydtdedsciiotigatydateetaytendiargsrapylenetitenes
.the feed stream. Thu Ir ' e d dj .
B S, e R IS B PR R A R
WMWQH@$1§)tﬁ(§l§érﬁtmﬁm‘ly§tﬁwqmi§)r@§éht nvaefeshmay contain
| GAMUVERE B ACKE! GARBONS UM BIGAIRAY iREHAICKELABN: OF IR AL 18B8, but

or more ‘elements selected from the group_consisting of copper, rhenium,
gslibemaARIASgoIRS SR I sRESHm! Rsiphdshivd eaenaieate dienes
S whishisidepesited ArasuppaitcompongrirfRaving thedeliewing Thus
Cft%}/sljf%all ro‘ﬁt rties: BET sgflrface areax &g from 1 tq( %i%out 100 ?12/%?\1% q
e iR?%% SraSSILAEE 1S U12 tPRB5uE 05! CE/grTR QidGRTYiene an

raveragecporeftiarigned from about 110 to 450 A. The support may be

celoctad fr C g, silica. Zircania, talcite. silica..
o B L AP R S e e i, et
HRIyseR eniicked SONREYSHEASEH bMgebR RICKRIIgRDOP tRiCketané oher more

SARRShTReniBy PRHRHEN NG QRlssBHYES BN SIHEWIMA YRR, Zinc,

calcium and bismuth modifiers which are present only in very small .
WHitb e s TRENMIAY PSP TatalRIi e BRTh BB LI SIS P RS ted on
aapppareatalyshastiviyirsiabdity andhteshysinabb ibes 2e sleBFed ofeftiarea of

OB 00 BT SBSER B AR AR ES B .0
ce/gram and an average pore diameter of from about 110 to 450 A. The support
may be selected from the group consisting of alumina, siiica, zirconia, talcite, silica
alumina and charcoal. The catalyst will have a concentration on the catalyst from
1 to 30 wt.% based on the total weight of the catalyst. The copper, rhenium,
pailadium zinc, gold, silver, magnesium, molybdenum, calcium and bismuth modifiers
which are present only in very small amounts, since the Ni is the major cataiytic
component, are believed to improve catalyst activity, stability and recovery of the
desired olefinic compounds.

Fixed bed single pass reactors, adiabatic upfiow or downflow reactors (boiling
point reactors), pulse flow reactors, reactive distillation reactors, divided wali reactors
and the like, which are capable of containing the catalyst and bring the reactants
together under reaction conditions.

The preferred process is the combined distiliation and reaction in a single
vessel termed a distillation column reactor. The catalyst must then be prepared in

the form of a catalytic distillation structure. The catalytic distiliation structure must
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point reactors), pulse flow reactors, reactive distillation reactors, divided
wall reactors and the like, which are capable of containing the catalyst
and bring the reactants together under reaction conditions. 30 The

pratersheraeess is the combined distillation and reaction in aSingderos/a38926
vessel termed a distillation column reactor. The catalyst must then be

prepared in the form of a catalytic distillation structure. The catalytic
distillation structure must 4 WO 2006/083336 PCT/US2005/038926 be
ablebie farictiolvaseatalpishaddssmmasstieastir medium. The catalyst must be

Mushie séagaﬁaasm%see%n%ﬁﬁ%e ngﬁwﬁ‘%(‘é’é‘?@@éoc%?él%cadlshllatlon

catal fic distillation structure. The catalytic distillation process employs a

esydierrigsiagigiiatipn RGSeS A0 RS 2, 392 38iE vam (See U.S. Pat.
ﬂc?leEOﬂa@ gduch povikes f@ﬁcb@tta1r@@qtiqnnaﬂﬂa5p%sﬂidﬂ@m@rmaufé@6ﬂ&n and

t tl t t within th t I t
e e e e e st
Oistilatthmdcrwpinecbimbiriatipriesadtiod- drstdtw@vhsnwcmrnesmdmtmamon and

T e o e P A T A0t e e

0. SeRiEl NoS, E‘E@@ztgsaaaﬁatm54&@55@6@&%%@&%9&%@5&r«é@32 177,
WhHiSH 556 USSR Qézﬁ'%W@H%Bétwwﬁgdlﬂéﬂgny&l}@ applicaionsoi® 356 and

process where the catalyst serves as a distillation component, the

&q‘ﬁﬁﬁb?ﬁﬁ@@%%@ﬁaw.&ms@aew& el ureybag stisiigHanptructures.

completiene '(Jfb@'fallsaﬁb&o@ﬁﬁtl@faﬁﬁ@msmﬂﬁ%aéﬂﬂbdﬂa\imgsf@@@é@@@awsiiliailon
the reactlon {g)rodu ihave been re ove %Hnot contribute to

AL TEA B 18 (P B TP B R GLn (o B BB ovr
fw@ﬂlmﬁ@ﬂn&hethméhedmﬁbedaaasarsmersmﬁecaﬁeie:vgn‘edzmmpem tes ;'eactlen

EQD ?sb %O%%%”ﬂ&ﬁ%&e rQR(? r%%ﬂo‘fog&tfﬂt?ﬁtg nMp Iogeﬂa%ltgg reaction

resent invention, t rogenation Is not reversible and cannot be an

(heériieles’ aE@%&Aﬁlﬁ@'@i@ﬂhﬁh@h@Waﬁ% FRARRsS fraveiReRg described

eméﬂﬁétm@&aéﬁéﬁtk@mﬁélﬁm\sia&ab@r&mdﬁrm2@ ReeRYRREMperature
reaction is occurrin concurrentlg with dlstlllatl and the initial reaction

BROIRLE S ARGt R EHILA e QS?F&#‘PfhE REAEgigrsible and
zanecDaickiyatipossivie redetiyy dhisikebibacssieside reactions.

Seconq b%cz?us ﬁat” the et{Pone sar boﬂmgéli et m erature of
e

n[ seni feg %’uon IS a benefst first,
reactlon iS controlle h INg poin ’he mi ure a

peEssire i e dndiaros m@n@m‘myt&eﬁ;@gimdr@tlﬂaﬂon and the mmal reaction
products and other stream components are removed from the reaction zone as
guickly as possible reducing the likelihood of side reactions. Second, because alithe
components are haoiling, the temperature of reaction is controlled by the boiling point
of the mixiure at the system pressure. The heat of reaction simply creates more boil
up but no increase in temperature at a given pressure. As a result, a great deal of
control over the rate of reaction and distribution of products can be achieved by
regulating the system pressure. Also, adjusting the throughput (residence time =
liquid hourly space veiocity’1) gives further control of product distribution and o a
degree control of the side reactions such as oligomerization. A further benefit that
this reaction may gain from catalytic distillation is the washing effect that the internal
reflux provides to the catalyst thereby reducing polymer build up and coking. Internal
reflux may be varied over the range of 0.1 to 40 preferably 0.2 to 20 L/D (wt. liquid
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25 up but no increase in temperature at a given pressure. As a result, a
great deal of control over the rate of reaction and distribution of products
can be achieved by regulating the system pressure. Also, adjusting the

througlyat{gesidence time = liquid hourly space velocity") giveg/fuihgrssezs
control of product distribution and to a degree control of the side reactions

such as oligomerization. A further benefit that 30 this reaction may gain
from catalytic distillation is the washing effect that the internal reflux

prohieiantd eatakey setHuleBip iaiae mori@ket exbelinipeswitaokitgyith the C.-

@t%@émgfﬁa@%@gw%wwﬁr@@% af @ Lrto 40 preferably 0.2 to
25 LID (wt. liquid 5 WO 2006/083336 PCT/US2005/038926 just below

the catzliy&t SEEARE AR PENYGRASe B RATIHITESHE AsEdvithiiifedistilation
i@iﬁmmgrhﬁir@sUEuallmmfﬁ‘mer@MQZ@‘ ﬁ;r;@t%g@ﬁl)?b@. iR wﬂ(t?ﬂswy been
the lo rogen tial pressure used in,t istillation syste id.not

e o e L R B R S e B B g i phase
exp‘@mdeasbdam the N@Hdw'dﬁogmparﬂal rif\é'ﬁmu_é foutbirtithestigpiel of the
RRASESY %%Tb?éﬂ‘}@ Qﬂ%ﬁhﬁe"‘éﬂ@%ﬂ%ﬂﬁﬂgﬁﬁ%% EQQ Wié' r@i‘fg},g(ij\ygﬁess of the

scope of the invention it is proposed that the mechanism that produces
HE TR POEPRSES BTaleng PP IR M el tbn dapaians e pditaaystem,

Qfiflae YaporRi dheicRARTIORIDEEAT MbishRRsvdesquHicentiysipgeRquisite
in the condensed liquid to optain the requisite 10 intimate contact between
R G G 0 R Y oS A LU HE S oS ey BB oS nthe

theaataly sif tthee salbigghéir Rydiogetiatiohythiyphetomendsofhenomenon of

copTESien Vi e B AR S P M,

liqaie phasésthatiogenegitrotisn 4s theddatedcstorthin logithst thiashethat is,
hyd Wegé%%ﬁ%ée‘a %&ﬁﬁ&’ﬁ% RS HheoD ﬂﬁ%g%%&f?&ﬁ%’&‘tﬁg to

contain a vapor phase and some liquid phase as in‘anydistillation. T
distillatbREERiFhRAEEd SOk Bperait e AP ireisier dsteniataptan@aivge and

BuXterRgsidelingnsne bad ateriatet Thaed BIREERH REDGRES @BBISHSS Mlerated
ogerhead ressuret f? id distilgation %Iumn reactor in the ran
5 B

VB B'5h G SEb BRlg SrERrABE TrEURd S HRPRR RS \?/ﬁﬂi%?s%%ab'@t' The
distitatignoestiopazotes at the rarmbo dOue 806& plefiimthly averagingctor in

o Gy 5 e SR AoE e Tl s
artilpdightrensten pepe in the range of 40 to 300°F, preferably averaging about
210°F at the requisite hydrogen partial pressures. The feed weight hourly space
velocity (WHSV), which is herein understood to mean the unit weight of feed per
hour entering the reaction distillation column per unit weight of catalyst in the
catalytic distillation structures, may vary over a very wide range within the other
condition perimeters, e.g., 0.5 fo 35.

The advantages of utilizing a distillation column reactor in the instant selective
hydrogenation process lie in the better selectivity for the conversion of dienes and
acetylenes, conservation of heat and the separation by distillation which can remove
some undesirable compounds, e.g., the heavies, TBC and C,'s and the distillation
can concentrate desired components in the catalyst zone.

The temperature in the distiliation column reactor is determined by the boiling

point of the liquid mixture present at any given pressure. The temperature in the
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hour entering the reaction distillation column per unit weight of catalyst in
the catalytic distillation structures, may vary over a very wide range within
the other 25 condition perimeters, e.g., 0.5 to 35. The advantages of

uktizioes @sdistillation column reactor in the instant selective hygrogenatieRos
process lie in the better selectivity for the conversion of dienes and

acetylenes, conservation of heat and the separation by distillation which
can remove some undesirable compounds, e.g., the heavies, TBC and C,
'‘andibeaidistifibtionc@0rcanvibradientrite desitddticonsptrentstarigha that part of

gﬂ‘&%%?%%ﬁ‘%ﬁ&?@%gﬁ%ﬂé‘? fﬂft{i"?n%i%WQHQQ&O{HE{%E%C&%&%m_ ressure a

etermined by the int of the liquid mixture present at any given
FrERaRd) e EPRpE iR BTN ey P O'Foero838369¢ in the composition in the

RGTAS 2006238226 el pattieng eiiha sakimpiidedeqtdfgerature conirol

constitution of the material in that part of the column, which will be higher

e Ny
RN e B AR HE S PESH A h A SSENPS IBHAIRGEYFFRY Increasing the

teraparaiuiecofkihe systemimnghsaigs enchangeisthe sompositiersin the
column, To C'Pé‘;%%eeﬁﬁhe;éem LS e pressure B .hanged: o acetvienes and
Temperaturg contro II‘IC[%G reacflon Zone ISethL}/S e%c'}edgny a &an‘@e%s an

pliessaren by imtxedsmygitheaparsstireathecentpieragufe; inithésysgemdsocarbons

ig&mgg and ggggsvgfr:sa, In a preferred process for the selective
hydrogenation of acetylenes and dienes in a mixed hydrocarbon stream

containify CEAUp%E SERTHFSEHAIRS BEHIEIng s Py epyERgagcetylenes,

feedingsacptie@RheantainMS RO uBTHeNRe PERRYISAE 1REAIIRNEBselective
qba distillation column reactor between two beds of
i

B_g{gnes and dieneﬁ t
H%‘W&&éﬁé{% n catalyst; (b) feeding hydrogen below the lowest
of the t{i0 bedsdhgelactivgehydrgendtoriaeataty st 1be(cheonmasentlysisiective

TR RS Ltk hycrogen to produce mono olefins, and (i
separatiig theanixett iy asidbs i stieamoinBrarkag? boiling stream and
a higher boiling styeammy dfarliepal Yskiiion: £9ddemenag Mg IaREs with
boiling stream from the distillation column reactor as
hydrogen to produce meno olefins, and

(ii) separating the mixed hydrocarbon stream intc a lower boiling
stream and a higher boiling stream by fractional distillation;

(d) removing the lower boiling stream from the distillation column reactor as
overheads; and

(e) removing the higher boiling stream from the distiliation column reactor
as boifoms.

Referring now to the FIGURE there is depicted a simplified flow diagram of
one embodiment of the invention. The feed from the pyrolysis plant containing
hydrogen ethylene, propyiene, butenes, acetylenes and dienes (see TABLE ) for a
more complete description), is intreduced to distillation column reactor 10 via flow
line 101 in between two beds 12 and 14 of the catalyst as described. Above and
below the beds are standard distillation structures 11 and 13 such as sieve frays,
bubble cap trays or inert packing. Additional hydrogen to support the reaction,
especially in the lower bed 14 is introduced via flow line 102. The lower boiling

components, especially the C, to C4's boil up into the upper bed 12 where the dienes
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overheads; and (e) removing the higher boiling stream from the distillation
column reactor as bottoms. Referring now to the FIGURE there is

depicted a simplified flow diagram of 25 one embodiment of the invention.

e faradsem the pyrolysis plant containing hydrogen ethyleperuszoosnasozs
propylene, butenes, acetylenes and dienes (see TABLE I) for a more
complete description), is introduced to distillation column reactor 10 via

flow line 101 in between two beds 12 and 14 of the catalyst as described.
Abd\aetythrissl euctise|betiechrd wiroukrateib il aibretaguresiencanndlButenes.

SHED ARSILVEANAYS AdRMhRIRcaR SRS INRR Raeking AddItinDRla e distilied

i&/drogen to support the reaction, especially in thelower bed 14 is
[

OUEE V48 (1o IPOTOREA G WAL B G SHRTHORRS SEsuAEITARes are
@g(%%gg?ﬂ%}ﬁﬁge%&ml ? gcggﬂnlezd Wh@tqudii@mglﬁwa?enfed via flow
1 and acetylenes are selectiv
LR R A RS S He e e 1 e Ba s BER diivg the upper
caridanentsespiteitlly ther&idand heavier are distilled downward into

the 'O‘G\ﬁﬁgﬁgéﬂéﬁngﬁg\?g@‘%&%@@%é HeRyis! ﬂﬁ&%\% jé% 1§3with the Cy's

selecti ogendte mono olefins. The upwar rogen

fedivgactoWE Aine 1DZPRMissR S AR B WeleRlind cErapyrenermraier 20. The
Iower-hedskd U@Bt%ABQig%@rcd@ﬁsb%%r%@%@megaq@vﬁ@ﬂ@%%em%e%rm

C4's and lighter are removed as overheads via flow line 103 with the C4

I Ao E00 A RD RGBS RBUSh EFEBNE e d IRGERBRRPRS vt BRI MO ved

The iopqerdensesh€ Ianditightercomponeniswardisanioedftonntbertion of the
receiver/sg rator 10 go vi%flomlirgﬁs% 6.and sent to pro ucﬁecov
K =}

FROEIREScea CF Y T AR RO S B8 5 St a2 flow
réoeVéty via flow line 110. A portion of the condensed C4's are returned

to the dillatian. AAWIN ISACIRIHN AREIURIIRN dBctend DR fiRisine 104

and heavier éomponents are removed as bottoms via flow line 1

Wit & pertion bring ieeiieyritstifreeahHeepbAE ABUIRIATBiNTEOTOR the bottom
theihotiamiLidhe sighlnHon-erlymnEeastas HoBeHOme PIREHGES ARy line 108.

taken via flow line 108. The embodiment shown gperates the distillation
column T ct8r RUMEah R BRAARr FBRTBR o €A JEHEATG e AL Bl FREGHS a8 @
atsbUbrivanddheaviey a5,'s and lighter as overheads and Cg's and heavier as

bottoms. However, the distilation column reactor couid be operated as a

depropanizer, depentanizer or dehexanizer depending on the composition of the
feed stream and the desired product streams.
EXAMPLE

A typical product stream from a pyrolysis plant having the composition as

shown in TABLE | was fed into a distillation column reactor having a catalyst and

structure as described. Thea conditions were as follows:

Total feed rate 53.8 lbs/hr
CO/H, ratio 0.008
Reflux Ratio 5:1
Average Catalyst femperature 210 °F
Pressure 170 psig



bottoms. However, the distillation column reactor could be operated as a
20 depropanizer, depentanizer or dehexanizer depending on the
composition of the feed stream and the desired product streams.
B\ kg3 38 typical product stream from a pyrolysis plant hapdretiess/ezsezs
composition as shown in TABLE | was fed into a distillation column
reactor having a catalyst and 25 structure as described. The conditions
were as follows: Total feed rate 53.8 Ibs/hr CO/H2 ratio 0.008 Reflux
Ratio 5:1 Average Catalyst temperature 210 OF Pressure 170 psig 8 WO
2006/083336 PCT/US2005/038926TARBEH | Component % hydrogen
1.294 nitrogérPMB.728carbon monoxide 0.454 ethane 0.009 ethene
26.698 ethyn®@ @29 propane 0.263 propend-27940 propyne 0.623
propadiene 0M59%80-butane 0.205 iso-butelfe @809 1-butene 1.939
1,3-butadien§?§§%§§‘?ﬂ8§%e 3.547 1-bute@=§§gne 0.000

ethene 26.698
gthyne 0.420
propane 0.263
propene 17.240
propyne 0.623
propadiene 0.327
iso-butane 0.205
iso-putene 0.30%
1-butene 1.839
1,3-butadiene 14.262
n-butane 3.547
1-buten-3-yne 0.000
i-2-butene 1.076
c-2-butens 0.790
1,2-butadiene 0.067
n-pentane 1.385
2M-1,3-butadiense 3.061
cyclohexane 8.801

Conversions in the reactor were as follows:

Component %
ethylene -1.1
ethyne 100
propene -4.9
propyne 100
1,3-butadiens 98
2M-1,3-butadiene o6
hydrogen 59.2

The results show significant increases in both ethyiene and propylene.



t-2-butene 1.076 c-2-butene 0.790 1,2-butadiene 0.067 n-pentane 1.385
2M-1,3-butadiene 3.061 cyclohexane 8.801 Conversions in the reactor MCSLLP
were as follows: Component % ethylene -1.1 ethyne 100 propene -4.9

propyne 100 1,3-butadiene 98 2M-1,3-butadiene 96 hydrogen 59.2 The

results show significant increases in both ethylene and propylene. 9

MCSLLP Claims: 1. A process for the selective hydrogenation of

@gghylenes and dienes in a mixed hydrocarbon stream containing C, to

C8 hydrocarbons comprising contacting a mixed hydrocarbon stream,

containing Ci to C8 hydrocarbons, including ethylene, acetylenes and

fienessrradydiogan vl aiselaglive gaydiraesitiaeapiahiss comptmEngs in a
(A) 1 to 30 wt.% based on the total weight of the catalyst of a catalytic .
OHRBONA EARBAR BRI 2 SOUIBE 160 WPo(Cer NSRRI S BPTSing

ShadtBnyt 20 giirse ey aIemAlenanis seledsativindghe grougconsisicgbons,
of copper, rhenium, palladjum, zinc, gcg_d, silver, ma%?ye ium,

RdHREnGHY IR RIS R LA Be fEIRY) N®) Y AR HAlIng Selective
REFogeminssnasampistesmipisalptA 10QaTElgkeiv teiskaicages poted weight of
o e e YIS B A 0 o
selestivaly hyekayenaiBoacsylgmsarshdienasore elements selected from the
group consisting of copper, rhenium, palladium, zinc, gold, silver, magnesium,
molybdenum, calcium and bismuth deposited on (B) a support having a BET
surface area of from 1 to about 100 m?/gram, total nitrogen pore volume of from
0.2 to about 0.9 cc/gram and an average pore diameter of from about 110 to
450 A under conditions of temperature and pressure to selectively hydrogenate

acetylenes and dienes.

2. The process according to claim 1 wherein said catalytic component is 100
wt.% Ni.

3. The process according to claim 1 wherein said catalytic component is nickel
and one or more elements selected from the group consisting of copper,
rhenium, palladium, zinc, gold, silver, magnesium, molybdenum, calcium and

bismuth.

4. The process according to claim 1 wherein said support is selected from the

group consisting of alumina, silica, zirconia, talcite, silica alumina, and charcoal.
5. The process according to claim 4 wherein said support is alumina.

6. The process according to claim 5 wherein said alumina has been caicined at

a temperature in the range of 700 to 1200°C.
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2. The process according to claim 1 wherein said catalytic component is

100 wt.% Ni. 3. The process according to claim 1 wherein said catalytic

component is nickel and one or more elements selected from the group MCSLLP
consisting of copper, rhenium, palladium, zinc, gold, silver, magnesium,

molybdenum, calcium and bismuth. 4. The process according to claim 1

wherein said support is selected from the group consisting of alumina,

FlligaeZRptas BIHS I 3NN HHLFRERATSeR catdh8tRasestleast 30% of
according to claim 4 Where!{g said support is alumina. 6. The process

heeading tBrerinhswhAgRn shamsirhArchasiead Pesivldae drom about 0.2
(erapey abERiintbecd@g ammel A0 GEbaZNG IR MRl RABDH R8BSt 0.35 to

according to claim 6 wherein said catalyst has at least 30% of the pores
Pé?ﬁ\é?% 9/66-A diameter and a total pore volume from about 0.2 cc/g to
about 0.9 cc/g and an apparent bulk density (ABD) from about 0.35 to
about 0.75 g/cc. 8. The process according to claim 7 wherein at least 50%

B thasparesess AaiFtRgnt ot dmsisred) Belprstel’acebiifpryes are

Rlrdey thaherein Saidmetedl hydrocarbon stream is from a pyrolysis plant.
10. A process for the selective hydrogenation of acetylenes and dienes in

a mixed hydrocarbon stream containing Ci to C8 hydrocarbons

GOMpsigingLE steRsdiy ) feeiing avbieaim soatainieg hdregenbon stream is
ethylene, propylene, acetylenes, butenes and dienes to a distillation

EOITAPHAMES Bi&ieen two beds of selective hydrogenation catalyst; (b)
feeding hydrogen below the lower of the two beds of selective

e e e o e n
fairsadugeramnbeneliosadmnctontaining C1 to Cg hydrocarbons comprising the
steps of
(a) feeding a stream containing hydrogen, ethylene, propylene,
acetylenes, butenes and dienes to a distiliation column reactor
between two beds of selective hydrogenation catalyst;
(b) feeding hydrogen below the lower of the two beds of selective
hydrogenation catalyst;
(c) concurrently in said distillation column reactor,
(i) reacting at least a portion of said acetylenes and dienes with
hydrogen to produce mono olefins, and
(i) separating the mixed hydrocarbon stream into a lower boiling
stream and a higher boiling stream by fractional distillation;
(d) removing the lower boiling stream from the distillation column reactor
as overheads; and
(e) removing the higher boiling stream from the distillation column reactor
as bottoms;
wherein the selective hydrogenation catalyst comprises (A) a catalytic
component comprising from about 95 to 100 wt.% of nickel and from 0 to about
5 wt.% of one or more elements selected from the group consisting of copper,

rhenium, palladium, zinc, gold, silver, magnesium, molybdenum, calcium and
11



(if) separating the mixed hydrocarbon stream into a lower boiling stream

and a higher boiling stream by fractional distillation; (d) removing the lower MCSLLP
boiling stream from the distillation column reactor as overheads; and (e)

removing the higher boiling stream from the distillation column reactor as

bottoms; wherein the selective hydrogenation catalyst comprises (A) a

catalytic component comprising from about 95 to 100 wt.% of nickel and

fiemArodipRiEIV Y B ene @ paer halemeatBiElesiatitenutbe @ofiom 1 to

consisting of copper, rhenium, palladium, zinc, gold, silyer, magnesiym,
ahoyhABHM,/eBR 0N @ TPgRSRP S mm%iﬁﬁaéééﬂ 1t 08 coigram

SHERATt ARG R Gatiaae aitdrehiragolita abaut480 Az/giemcdidgtions of
nitrogen pore volume of from 0.2 to ab.g t 0.9 cc/gram and an averggaa
Y@ % ienes.

iosreiiaRiEe S REGRSHED P PRIl AYHRREP Bt 'GRes an
temperature and pressure to selectively hydrogenate acetylenes and

dienes. 11. The process according to claim 10 wherein said lower bailing

Srent ReCBHRTRRIA TN hEPL D SRS T G B sream
SHieRMEadals aihe Khrntbempieenmrponends higherhsofiiegasteeam contains
accarding to claim 10 wherein said lower boiling stream contains the C3

WY hRs AT ERPHIF R higher boiling stream contains the C4

and heavier components. 13. The process according to claim 10 wherein

e ort is selected from the group consisting of alumina, silica, ...
i%ccs)ﬁi%? BIetESEIIiREA IR n%li Hﬁrcf)gallwsﬁ. He S5t cg%\é"%rcc%?' ing gtream
ctaimiadd aelhimthe pptalytocopopenenthastbe ddghentbatitmyostréeem contains
&}ele tive hr)‘fglrogenation cataMst from 1 to 30 wt.% based on the total

Sigﬁt%'?q 4 SEt?\sJéWfd}%gés‘hation catalyst. 15. The process according
to claim 10 wherein a portion of the overheads is condensed and returned

the distillation column reactor as reflux, 16..T rocess. accordi
i AR Ao RECRTAS o A LA, ORI (S rom the
gl ¢@0sistingtbé alvenage siidy 7iternperticiteissiiba @l @h0raamntithbarcoal.
reflux ratio is about 5:1.
14. The process according to claim 10 wherein the catalytic component has a
concentration on the selective hydrogenation catalyst from 1 to 30 wt.% based

on the tota! weight of the selective hydrogenation catalyst.

15. The process according to claim 10 wherein a portion of the overheads is

condensed and returned to the distillation column reactor as reflux.

16. The process according to claim 15 wherein the pressure within the
distillation column reactor is about 170 psig, the average catalyst temperature is

about 210°F and the reflux ratio is about 5:1.

17. The process according to claim 10 wherein the mixed hydrocarbon stream
comprises the vapor product stream from the quench system of a hydrocarbon
steam cracker comprising hydrogen, methane, C;-Cs olefins and paraffins, Co-
Cs acetylenes and dienes, ber}zene, toluene, xylenes, and other Cgt

components.
12



17. The process according to claim 10 wherein the mixed hydrocarbon MCSLLP
stream comprises the vapor product stream from the quench system of a

hydrocarbon steam cracker comprising hydrogen, methane, C2-C6

olefins and paraffins, C2- C6 acetylenes and dienes, benzene, toluene,

xylenes, and other C6+ components. 12 MCSLLP 18. A selective

hydrogenation catalyst comprising (A) 1 to 30 wt.% based on the total

yeeiaht bR sl RIA SRteREISIGOMBPRS AL IFRMIRIIZING HOMEROASR on the

to 100 wt.% of nickel and from 0 to about 5 wt.% of one or more elements

bl ausdo o thie GrEAIPSE G ARG Wi SOFRP oMM GRIMPARIRRLITR RiRboUt 95 to
it Sibess ANAQNaSIY o MANBORRMIR SCRICHIBSKE IS ME e dapatiied eBlected

(B) a support having a BET surface area of from | to about 100 m2/gram,

s fRGER POrECUBIEME dPir6APESY td RBD. PR arfdNgn Joid, silver,
RRyRes areARpMIen o franalcapUhi0 B ARAM dbBoshedradalE) a support

accordin%to claim 18 wherein the sup&ort is selected from the grou

_ p
bavagtmPEaRHIRRE &iRA Jiffomal QARSI MR anP i fitmgen pore
ouie setaistaeerdingutooctisn/d Pavh el Aaid Rigly gdreddinesst of from

30% of the pores larger than 100 A diameter and a total pore volume
WH%BBQJI*@.‘?’S%&Q to about 0.9 cc/g and ABD from about 0.35 to about
0.75 g/cc. 21. The catalyst according to claim 18 wherein said catalytic

tis 100 wt.% Ni. 22. The catalyst ding to claim 1
el e agRe ClPRarRAITS TAMKBPERD S SYPRBIL BISRIBRIES from the

sriepted festibeogmumprnisibag atcomactaltieniinapalladinmagineharcoal.
gold, silver, magnesium, molybdenum, calcium and bismuth. 23. The

catalyst according to claim 19 wherein said support is alumina. 24. The

solatye! aseydingcenedaiy B3aiereio gaidralnnsinia batheemasiainedsaB0o% of
a temperature in the rapge of 700 to 1200C.

25. T talyst di
PO SWREIS TR A v PRSI0 I GRPTh HIOFA O Rbout 0.2

giagnetendid 0.9 cc/g and ABD from about 0.35 to about 0.75 g/cc.

21. The catalyst according to claim 18 wherein said catalytic component is 100
wt.% Ni.

22. The catalyst according to claim 18 wherein said catalytic component is
nickel and one or more elements selected from the group consisting of copper,

rhenium, palladium, zinc, gold, silver, magnesium, molybdenum, calcium and

bismuth.
23. The catalyst according to claim 19 wherein said support is alumina.

24. The catalyst according to claim 23 wherein said alumina has been calcined

at a temperature in the range of 700 to 1200°C.

25. The catalyst according to claim 20 wherein at least 50% of the pores are

larger than 100 A diameter.
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