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PROCESS AND CATALYST FOR SELECTI VE HYDROGENATI ON OF

DI ENES AND ACETYLENES BACKGROUND OF THE | NVENTI ON
woielohssd36t he | nventi on The present invention perase®s/038926

to a process and catalyst for the selective

hydr ogenati on of dienes and acetylenes in a

hydr ocar bon stream cont ai ni ng hydrogen, nethane, and

C2Sto C8S and heavier. Mre particularly the invention

relates to a process wherein the hydrocarbon streamis
f ed PROAGESS BRDACAIALYEDsFObh Skl el IWiEt HY PROGENATION

distillation col o/ il arly the

i nvention rel at egiﬁ“g@@%%{lg@gﬁgﬁgﬂt iYizes a novel
catal yst. Rel aprCKRGROWMKRDVEOPOTHRIRVEKNTION eam from
the quench system of a hydrocarbon steam cr acker

Field,gf bglInyerlisi sts mainly of hydr ogen met hane, -

oS40, 00 B @ EPAALT e M s

hydi@lélﬁﬁidrorbfadjllénéec@erEfaCereh@@ ipr @ledrSC@qu@ﬂr giregmt @ontaining
carbon nunber is generally acconplished in

hydjegaentieANang. sind Fat fo ka8 aibRpaYiee: Mare Rarialarly the invention
3833 348800 WHLISAIRE | RIS, SFEBRIE b pRuIAH catalyst beds

ressur'e co box sy s
COtdasiedledtﬂm aldlﬁylatlemzolﬂnuorqadolt@atl\&@kemamdmdaﬂ)athe ihkattion relates
the diff enc in rel t|ve volatlllty of the ol efins,
to & PEGAsE ﬁfﬂz‘%ﬁ @ﬁggeoqa tely&l.same carbon nunber are
ReBABd I rfraki ng it difficult to produce the pure olefin
products. One nethod of circunventing this problemis
t o The yapeepmduce stre@nderrdhe quebeh sistem pbashyaﬂmbarb@m steam

crakef GERLY ins's Hr BhSTHy 8. oheB ey SFUrS sndperafiing
C By %fc%tﬂené@“ an@odreAbsetherhatle, eftfilieRPPKORGRS! €A r@tﬁer Cot

a separate hydrotreating syst em for each” carbon nunb
compaaent@n Sepaietion ard rdrevandetthempreducis peeendéig @ﬁfbummumber

s Ry Brp i BB e S5 S P FL OB R Bl Bgparation

of hyrogen fraim &tk Mdhagein @ﬁlqmprés@UFéieol@fdeWS@Qﬂﬂ Tigg design of
the conversion. This so-called "front end" roach

thehd@“klaff@rhaw%ﬁfrag% complieatedi by the daginihat thediffyenres inrelative
vol%lﬂlﬂ}/ Bgfjwre?cg ins n 3{!1%%8{ %gg é}?}%{éﬁszc?ﬁrtﬁg g%é‘&% &fh8n RB¥ber are small
markﬁtgut d|é‘iwtttts p@cﬁdmdfmthe@we tefin ﬂ'rbducﬂsve)ﬁe m@trmd bfl chedmventing
this proL[J)lem Ig F r%tt s<53pa6r?a?et ec rboﬁonsuerrsfbgr f?e?c%o%ts%%d 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 requires 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 outlined in U.S. patent 5,679,241 proposes a one step

conversion of all C, to Cs; and heavier acetylenes and dienes without the
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conversion of all C2 to C5 and heavi er acetyl enes and

di enes w t hout thehydrogenation of the C2 or C3
wolhedeis3336 The patent relates to a systemthat PET/US2005/038926

descri bed as bei ng capabl e of renoving 70% or nore of

the hydrogen in the cracked gas prior to the required

cryogeni ¢ separation by the hydrogenation of the C2 to

hyﬁkg?ﬁgﬁdﬂ ‘?ﬁecﬁeadggiogi@g)n%?ef%ql e SAeAnfelBeY & ts%sé[em that is

Ins to para s.” Removal of 70% or nore of
desyritbedgsrbeing copalsleoheeraowing Miods ot mooaighthe hyidgogdn iodiné cracked

oeb 15 s Vo SOFGRH AR AOE iy PlasbnatBRartice, o c,
acdtyldhes emdrAEheRhn@IRSSYBRd heaPRF BlefiRS td parfmEVREmYal of 70%
| ower pressures and wth reduced refrigeration.

or movievéthe hydrogendmpeaesding ensnodiies thisegla asgigaifitaat lowering of

catalyst anly "hydrogenation catalyst". In U.S patent
tneieeY BB nie i 1O BahatTie) Wi B snenbayist oot i Gtbnts. By
reddcfhg 1Pt IBiro§e® pRrtdd brédrirg aé eprassn Ishasable@lat R8%er pressures
that the process described in U S patent 5,679, 241

an¢ aitfgedyece peirigeeatioas Howpvr)l &he paignigan @it natihietiese a specific
oS TPl (BRI TENAEES LB, SR AE PR B2 which i

copaicgiy eesedbd thd hehsr cflaBupatienn5\870[24d thalpalterstbet tiadrein allege
is described only as a typical front end acetyl ene

thak i eigeRas HERCIERRAIN S . PEHIYINP g2 6§aNDekhe oBewpHAS a single
stegdsys?é(]ﬂ WIS RASBIHEE 1Y Bpéf@uér% éﬁ@fﬁ%@éw@. HRF&ERF, since
y "ad | ors in a

I'ng polishing or trimreact ititonto
therdevasano disdosart cafbhiss, theilatergratentebs adade theiowwaluation with a

catgg/\%ah%g #gq%%?igtﬁpt%ﬁ Lé:saés)gilcséﬁ gfeg e;ﬁtﬁ%ggylghg %?ogenation catalyst
coftaBiMd &N aearPD080 BERePd amde NawR| pAanakysi rp@ftst ﬂ'c‘)ein’ﬂﬁ%ve the

to solve the problens associated with the prior one
praseep byradding molislyiog eydriat faastorstiniaddiionaidvtet mgén factor. This
.t he present, i nventi.on that novel. catal yst. has been
proriLRERPN 5 ke 2B MEhE ™ Fainb Rl R ticpfess ovelopments,
withyglr Sgenatbizinpanakighifddnzews 4 pepepad Hovel bxtaBBaeas the way
parti cul ar advantage of the process is that the

to sajee hepedlemg asisepieted witbdhe priveone algp tiaat enghydrogenation.
rogugt.s. Wi h ted . el j i nat j
eel 1F o Bl pniBe YOI ROBREAE MySToR.E "RV el elelit has been
developed to hixke @dneRtarofohteid hbetyRimetyidrégenation operable without

pol ynerization in the |Iower portion of the
thedpss P ethylens- AdaitishlpicadMasitage of tha pereessis thad the agetylgnes and
, f . —
3D SRR o RO D S0 Blfiminatng e
nesd fordomheShideBEYnGBf TidEh & NWENDAOM ST Heis @ st advantage that the

MGG 85 SOUETSEARD RVEI0BE! ROy Poiher SRBlAtRg columin reactor is
receBHY 1188 8B 03Hadli fHigGe 6PRERrB8EN Wb tRaPétRPiehle and propylene
contents are not reduced in the treated streams.
SUMMARY OF THE INVENTION

The presentinvention is 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
selective hydrogenation of acetylenes and dienes in a mixed hydrocarbon stream

2



10

15

20

25

30

streamfroma pyrolysis plant in a single step.

Briefly the present process for the selective
waypdiemgsaiat i on of acetyl enes and dienes in a nPEKEMS2005/038926

hydr ocar bon streantontai ning Clto C8 hydrocarbons

conprising contacting a mxed hydrocarbon stream

containing Cl to C8 hydrocarbons, including ethylene,

|
congﬁoﬁp |C§|p[§§; ?\X)Qrdéb%ber%c)c@v?\k‘i‘p%}%{@% gcggﬁgt}{ﬁg% ﬁ gﬁ¥%c%3g rﬁéérbon stream

coantrigeC@m dgystdradarhonst iathding etdjmmn@eracetyﬂemﬁxa@d dlenes and

only or, ni | .and one o e nt s eI cted fro
nydfednPBE oLy SPTH o1 Epper o T ne A G et of the
Cateﬂyé‘tcof HebtdiytRido onémgmﬂﬁjk@m)nwrymﬂ@nunu ohel sriideadléments
bi smut h deposited on (B) a support haV|nﬁ the a BET

selegied doa Hrearoop qonsistingod cgg@@n, rheygu g pglladium, @ing, gold, silver,

eSO HE Ry 9o 6P RIS o By B i

the La BEIRSUGsWlAtidasTsravh 1tterabRILat 00 m%@npﬁ@&ﬁiﬂitr‘bgbﬁ pore volume
sel ectively hé 2@9enat e acetyl enes and di enes. on
of feap db? e aPOHhe. S @em qed A H# \6 89 POE dimetes of from about 110

to 4% /B\Wn%%‘?%oﬁaﬁoa% %@?éﬂb?&éiafiéﬁcg g%gggré‘ }%‘?ngfteﬁg{/élil AllRsYenate |

um reac erein
acemzlenéslansl dired. is fed between two beds of

%oémngenat %ﬁm%%{t ﬁ@y %@é\iﬂ\}eﬁw@(ﬂdl L an qﬂalgj%%rgg naegda%% dienes
is %\? dﬁﬂdteﬂ §Lﬂ?§'tlllltahéﬁ SOITR PR WHEEIRARE &drbe ddifrom the

ation colum reactor 1n the overheads t re uce
pyrolysisl pladt enfechiectdeenstivoebedp Dbhgdmg@a@qm gatelyst wihedditional

ryeifodh et 38 BrbledhobRunBitS o b ORI Rhg  Brehlrdted suon

thaFQPrﬂﬁirmurﬁr&ﬁ'h'yblfﬁgeﬂaé%lt%%é RistMhish c@Bhth rédctorah the overheads to
magnesi um nol ybdenum cal ci um and bi smut h. The anpunt

reduﬁeﬁmr@lamb@eithe downstuea morestingrequipmeentgol d, sil ver,

S A TR XRS5 LSBT B Fosh HibiehiBected
froaenEtgrelipNeondistthg  dfessppdranhahiou, @%IQﬁluhﬂS.@Kﬂlcorgdl@e silver,
Ni conmponent on the support, The netals (or ox

maghesibaT, Melykdenyasalckin sRd Rissufhof e ﬁa\ﬂw@otathempper rhenium,
oo LR BRSO, ot AR BB hoaiters

on m@icaalyat/srremv@lgrsgqe?h wm;bmed&é tHel @mioand 6ONL, i.eThess than about
support is selecte rom rou onsi st i of

5%z§4f@ﬁ§ﬁﬁon§hﬁ?\&80mﬁpﬂ@8h% et%lc"paor@Tﬁ%m@f@Ls (&¥ g¥ig thereof) are

depﬂﬁ‘ﬁfzer abﬁoﬁjﬂpdﬁ I’\%lﬁ‘ﬁ a{)eenrér%% o“Mﬁ’BWébout 1 to about 100

pre umna t cal ci ned
m21teg riptat attmgenlpmren helumg‘éfrorm 2o eboul®O dMg a‘ﬁdeen average pore

diafiedrophi g arfiths: ThosnBRoie Splsclsd e Bridin gegsisting of
alufliRRIRYa, 3MEbRal Bicke, BRES alPhiHEEBaAd eRaRBANTIAIumINna is 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 cc/g to about 0.9 cc/g and ABD (apparent bulk density) from about 035 to about
0.75 glcc. |
BRIEF DESCRIPTION OF THE DRAWING
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0.2 cc/g to about 0.9 cc/g and ABD (apparent bul k

density) from about 035 to about 0.75 g/cc. BRI EF
WORBGREFBE, ON OF THE DRAW NGThe Figure is a fl oRCUUSZI08/038926

in schematic formof a preferred enbodi ment of the

i nvention. DETAILED DESCRIPTION I n the process the

cat al yst sel ectively hydrogenated di enes and

gﬁﬁél i ?e?s %W@ﬁ@r%ﬁﬁﬁ% ﬁﬁ&%ﬁﬂoﬁé’ﬁ%fbﬁbﬂémbodlmentof

oge ane heavi er conponents, such
the asfemhengas streamfrom a pyrol ysis plant. The feed may

contain low |l evel s consunption in

the reaction is fogﬁgﬁqﬁpﬁgéég@ﬁ_[gg addi ti onal

hydp QQ@@r@@%SQﬁe%@@&%t‘ §elé(ﬁﬁ’1@lyf l%ro@@ﬁat‘é@ltcﬁébféé and acetylenes
hydr ogenat es the di enes and acetyl enes but does not

in astaad streast pynesiady CoMpriskyg srdragen; Heethese, enfldgmand heavier

corpirTEPERS AN BN el bk RS8BT PR e Peomtan
Iow%lﬁe% BEC0. Thedrogbe ¢dr cohstirplibn émtheiedicaen iwfouad in the feed, but
cat al %st for the present invention conprises a nickel

addifnmsbhrrogrnican beeaddssl ihieskised ohhg catalystéwerogangtesige dienes
andﬁ%c&@%ﬁe?hﬁmts%oﬁE%ﬁﬁéfédetﬁylgﬁéBpﬁrﬁwsiﬁﬂvﬁgﬁe}%ﬁ's%am. Thus

eni um um”’ Zi
dependirgsonithe mix cyﬁmtm’nyl&nesahdldwnwda etinuehsedn tte éthylene and

deposi te on support conponent having the foll ow ng
pro@Y‘l?@?é%p ‘E‘Qﬁtﬁ”ﬂ? s BET surface area of from1 to

abeltHe 1804 grgiRe oo'hghrd{;ajﬁ 5R6R LAkt Yo W %sé‘rﬁqmem.on

2toaout 0.9 cc/gr an average pore |ame er
Conquléasmrna:lkeljd:ommﬁnemi wiigioh MayTtbxe ninkpponly arenjcked and one or more

clepEpfons gotacoran, B iPiB ETartRe d SohperBonan, Sadin, zinc,
golf%ul@by%aé\héélurﬂa\#ﬂ)l%d@ﬂ%rﬂdlé&hpé‘n@BIWhWI% {/‘sﬁaeposned on

% based on the total weight of
a supnct gempomaet eypethe foH@wnngmhygmal piingmies: nBET gorface area of

o heo IR E M TSR GRS BB o about 09

cc/@%@r\lﬁhé ars bigrageforidiametdief MRiraraboat ahpttbat50 A, The support
onponent, are believed to inprove catalyst activit

ma%b&tﬂﬁ'ﬁi@t?d Ao H@:@WWQﬂSI&“ﬁ@ agdiming, silea; Aeonia, talcite, silica

aluﬁwﬁﬁogwf %ﬁa 4;:3{?1( e‘flhg%%teﬁ |ﬁ P%@é Sa 'E:Sﬂg%riqt:q%n riagh ﬂ?éalzét%lyst from

| ow reac ors eact

1 t@WE Mt pesedast ahs, tof&aﬂé@hﬁeoﬁf{h}é chtaiyé,tonTheafdppES,, rhenium,
di vi ded wal | reactors and the |ike, which are ca

pallggiugpangi 9t YeeMBENSE ISR, MRl dRN Y. qa%@unb%ta%@@th modifiers

which are present only in very small amounts, since the Ni is the major catalytic
component, are believed to improve catalyst activity, stability and recovery of the
desired olefinic compounds.

Fixed bed single pass reactors, adiabatic upflow or downflow reactors (boiling
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.

The preferred process is the combined distillation 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 distillation structure must
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t oget her under reaction conditions. The preferred
process is the conbined distillation and reaction in a
weoi2nglos33zessel termed a distillation colum reRCTmIS2005/038926
The catal yst nust then be prepared in the formof a
catalytic distillation structure. The catalytic
distillation structure nustbe able to function as
be Eﬁlte%ﬁﬁct%da% ahf %@?ﬁ@és BRIl '@mcaﬂh%' déﬁélyst must be
be suit y supported and spaced w thi
suitablyusuppartet endsspaoedt within itoe diodarmhi tataairassa rqatalwce distillation

sty e SRR G S RHg I prBEed S55RE s SNE Dt g LS. Pat.

Noé’f 2¥30,84B; 1)30MB6H; BRQV zi@oﬁoy thiH"pfcﬁ/Qﬁsl fon bamlreactlon and
IStI fatlon concurrently in the sane reactor,

distilkedion concpaentlyinthe aamedeacton @y bastipashvithin éhﬁ?@@tﬁb’ét system.

The; iﬁ%{kwggqn{éﬂ&gé I§I r%élflgeose% hg&ﬁj 500w Sro%n%BH%H{ F@éﬁtlon and

tIO Ccur 1n conpblnation

distilRaphi cutudirstbmbaidtion ehetio- drsﬁBath sﬂnuﬁu&si&ﬁmhldﬁedjescnbed
in several U S. Patents, nane

in spvengl 850:Patentso nesely 4. ?zsﬁahf%s 4, %é% 5:3@64 2503@52 254332,177,
sy TR0, SNAORY S Aol 0 08 99 30 an
4 448?5‘533’ digslogé s:btdljlatstmtw% wtilctrr ae usefut he dissillation structures

appl i cation of a process where the cat S serves
a dH“éF?IUrSH@lQﬂP“E% E%Pmc?ﬁ%wé‘&u‘? UL é&s fgerves a5 a distillation

Corﬁgfﬂﬁ%rﬁn Hevedli Eﬁwrﬁ@coﬁﬁg ﬂlbfﬂrﬁ@ LAG s RRMG tAR réé’(‘!i@fnqoward

efion, s, ther tion as an increased
cordpiahongthfablscﬁnda@aatlele hasen ireseasehdpviod harcs beaaesdtenreaction

rengi\%é(ang cannot contripute to a reﬁe{s reaction

progiig PeE BMAYeD @) ANRbuERnt B%j@ir%géﬁ%’&(?eonfeac“on

(LeCPRIcPE PriRdite)P BRACER fHel tﬁ@%gj’é)dt%mééb%r% Hve been described
el evat ed t enperatures above about 900 OF, under the

as revepsibke airalevaiaditeinpesatergs ayag aboutROy Feyader the temperature
cold§1H &3Boghfn B PSENS B0eh SRR SRR o Apyargpie an

caritienan Ifcehvd e Usy edcdtéiglic tiRtildorpsgstent I eact | on
catalytic distillation is a benefit first, beca

r ealdis elieveddaiinthe gresent (rRacdien 96%1% dcﬁtélﬁtl@m s& 3 bﬁneﬂt first,
be@aﬂfjs tHS ré%tb’n% oE&ﬂPhé%ﬁnwr@ﬂ@tﬁ tf?@lgtﬂ%tﬁ?\r and {Haeqmtlal reaction

onen S are renove I'on zobne

pro@iwlotsklaud ash@osisédnecodgdonémty atrberdnnck\@d froodthef rea(mien zone as
reacti ons. Second, because all th onents are

quipklyEsgssibifreduRiertae fike 600 o sIETBACHANS, SracPAA) lerayype all the
Cor%pSnQ%la‘ré‘gﬁgiﬂhggqteQEP{d%?at lXbeBicfbn f%rﬁ%ﬁé&%&;%bomng point

pFessure. rea I on sinply creates
of theirhixtuyre lauthemysitmrpeaswrenTheﬂrmlt af teastiah sengly eezates more boll
ssure. r eat deal of control over

up BHE NP G285 IbiAT AR GY D BUEITHC of uf By § Cigt deal of
COI*&?O!%I’QH@Q L?éé&tr’i‘)fn' A Hi%ﬁlbgmhem BrRRBH 8an BeSfohieved by
ajustlngt roughput (residence tinme =
regulating the system pressure. Also adjusting the throughput (residence time =
liquid hourly space velocity‘1) gives further control of product distribution and to 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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liquid hourly space velocity 1 ) gives further control

of product distribution and to a degree control of the
Wei20s/088336t i ons such as ol i goneri zation. A fur POBMUS2005/038926

benefit that this reaction may gain fromcatal ytic

distillation is the washing effect that the internal

reflux provides to the catal yst thereby reducing

jus@ebme%&élgst%oawﬁ dfhRY antyivdd @lcd At reSuBYariBwith the C,-
vari ed over the range of 0.1 to 40 preferably 0.2 to

C, 30°eBWD aing usugly ij lietrabge ofOthto 44 laDyst bed/ wt .

di sty llate) .and gives excellent results, and with the . .
c1- Qe R0 dudaogSi maridl tradgue disedl i thy distilation

syétefh BidDhotQésuf s UhBIfairddfythehgydrege hxtbroaehPabli®have been
pressure used in the distillation systemdid not

expegiaf tbasadt ore theiihigh Bydpgenaratiial pepssts trinshincthendauid phase
hi dr '

v B1E RFER, BEDTS Foian dRattf, D IoBCHRNGH BY pBbe of e

invieh@omatris gy siesest ihiad dradmedhbhigi tHat produngstthe effetieeedss of the

the invention it is proposed that the nechani smthat
Presieadnssss iehercpaeensativnsy agrorigr optheysnprsindeeapdtion system,

: i rti f 1Se .
o ARIBOS RN SRR 08 e B R0 Sl v
intinteete contdehisetddeinghe thytimgehtaadthe héghlwgns i tegted odmpelads in the

cont act, between e h ogen and the highly_ .
PIERRSE 2 BdRa0 AR SSiTh 1T KB PUSERRIAIEM hEhisaphpgamenon of
comeﬁﬁi%twmehti@i%lcc;]or{swtqasm% %%i?’mlﬁti%nﬁé‘%ﬁ@@ét% Rdsult in the

condensati on wh IS a constant factor Iin a

saghiestribiettat hydrogenlswkilahikity, asthedsghpréssurdin heardigui phase, that s,

tne R Bbg e SRaDeSY Thiadfe bolifiad i BHPgBATS S Bhels:
i nt o ddhgybt gBdkedsdlimAt cdhse E\bgfé}gﬁt@,@ttb @BnG§ dNapof phase and

cat al yst “packed col uim can be appreciated to contain a
songdisiuiphbase aadn sodlistilglivn Pradistitlstiomcealuynn reactor is operated

at §yabhrd St ingl Bl idevoh BhiciatS HTMELERP Gl S capplyst. he

présenbprddeBE obBrdtbe b everhbad pradsirt of $hig MtRISEbh cPILPES BSactor in
operates at overhead pressure of said distillation

the Angebetagend? and 39 psigngeefBealiedd 0o aaddegmeraisires within said
. F . 17 t i ' i .

R4 Pl uRlfh ETRBLE AP IO g qvegging about

210F; aptied esqlisite Byercagnneartidloptes8udBE Blte Tde wednlitiduely space

velghin NG 06 it BseT WRRIEre Pd e rapal tklend Mgt of feed per
hoUP%rr‘ltérE@ g‘l[ésir?%(\ﬁltﬁmjisﬂﬁatro??@oﬁl‘?ﬁn B%i‘r'{urﬁf‘waeﬁqmg?ft Bgtalyst in the

reacti ation colum per wei gh
cateittiml gistillationt steuctates, ywaye vdiysoverd atvieoy vade uaenge esthimitye other

vary over very w.de range wthin the other condition
COB&F'%H@EQF@, ce: 89\/\%%5(%:%]35 The advant ages of
ut i Irhgiadgaftadiesof LtiBin PR dRelI48h sSamindeabttr fltRe inkthfelective

sel ective
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 distillation 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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hydr ogenati on process lie in the better selectivity

for the conversion of dienes and acetyl enes,
woans®sszsi on of heat and the separation by PCT/US2005/038926

di stillation which can renove sone undesirable

conmpounds, e.g., the heavies, TBC and C5 1Sand the

distillation can concentrate desired conponents in the

Io@@ﬁdrﬁéﬁs 5%@3 colt Egﬁgﬁbﬁ%g{{cdr{%ﬁd}@g@?ﬁﬁé|nl1§\%hé’lr]n fhat part of

I'um reac i ng poi nt
thé belulrmrqumlcm»(lt ble elgheeﬁl&am tree ommegdvétmatps eaxtsmurmtan‘flpeessure a
i gns, of the c

th L,
ChpBEP Lo REPEGHUEE RINE KB PHESIRRaF1ands h tiRggmpasition in the
coRfmr‘i heoepLHAB theMdingherdtibre thE Péé%@?é istdHah bae TRY§8RMe control

I's, at constant pressure a ch ange |n t he
in trmno@acatqmr zored ist is@/féecéad iydé clieege an qhiasgwe; Bytinereasing the

osjti,on in the.colum., To chan hete erature
présa ey g dabg it eV ermds Ftfifed B GFB TR bhe
reagh '@Br@‘@ﬂ@d'ﬁo&@é@ f&f ﬁ@é@l@cﬁ\)’e ﬂy@r*b@é@@tlbﬁ of acetylenes and
pressure; by increasing the pressure, the tenperature

dignes e asy@xéeh hs@rwafb@as@tdearanaomfciawg/e%wp f; Gg hydrocarbons
s for the selective hydrogenati on of
COEEDZ Sﬂgeﬁgsﬁgﬁgggi enes in a m xed hydrocarbon stream
conyaj mdzétgnéila dipane cEBtiviAgIsArduS etiondié, ragylehe, acetylenes,

steps of: (a) feedi nﬁ a stream cont ai ni ng hydrogen,

bUéer@ﬁ ane d'%\%ﬁ?l%ﬁ@“ alien grluRus reasiarehrivegRd e fé%soft gelective

col um reactor between two beds of
hy@rcfﬂeeﬁatl aﬁt']ay S(’thenatl on catal yst; (b) feeding hydrogen

bel ¢ t Heedlingebydrofehhbelbwo tihedswebt o¢! thet twe beds of selective
catalyst; (c) concurrently in said

g%/dro genat i n[
hydregenNatigni @2y um reactor, (i) reacting at |east a
port bP'&oHEuﬁéﬁ@ @“seélc}('d%@ét&‘i‘@o@hﬁﬂ%%c%n‘h hydrogen to

pro uce nono i ns separating the m xed

hydr ocar {on reactegrat rhs;astaa Ipmnh]n bbiskichgcstyleaes and dienes with

E her, boil,in strea[gf )F( ctional distillation; (d)
RPPRUC P&t ream from t he

di stillat npaeﬁévauﬁg ﬂh%aﬁﬁ%d @w?dﬂ)b‘éﬂftﬁﬁ%‘ﬁreaﬂ'ﬂdnlbeé lower boiling
removi ng the higher boiling sftreamfromthe

streas Bnd &t higheclonilimg sireaot oy frastiongl disiatiowst erri ng now

g?agagyﬁ%&v{ﬁgtﬁg%%%r' t?oﬂ%eg%t%aer% o P ik hod | c&mn reactor as

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
one embodiment of the invention. The feed from the pyrolysis plant containing
hydrogen ethylene, propylene, butenes, acetylenes and dienes (see TABLE 1) 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. Above and
below the beds are standard distillation structures 11 and 13 such as sieve trays,
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 C,'s boil up into the upper bed 12 where the dienes
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one enbodi nent of the invention. The feed fromthe
pyrol ysis plant containing hydrogen ethyl ene,
wonropyissle, but enes, acetyl enes and di enes (seCTARLEAS/038926
I) for a nore conplete description), is introduced to
distillation colum reactor 10 via flowline 10 1 in
between two beds 12 and 14 of the catal yst as
t
rRENPES: SR SYRCASy TEUR e E STBUMIGNE DB TERe and butenes.
THeublgher dagiling a;mnmnen’ce,r eSpaaﬂllmgheA@gISt$lad1d1ieWr @g@rdlstllled

t, th I t he |
dopiB R tish o bed PloufREEnT retiRaly Gnsk KEYiEf Hipnes are
se%@@?ﬁ%ﬁ) 21306¢ tchbYo blgingl The UptvakSeindiRydroten féevia flow
per " bed 12 where the di enesand acetyl enes

ins dD@einecstio apiioeTRelng qmmm@ntgﬁe’chemgyb@&ymo the upper
be%g{g%‘@%{rﬂ@g%g%%gﬂpecggl i ng conponents, especially the

|st|IIed dovvnvvard into the

| owgthel®gs dAd heter apaveracesd b beerhaads hizefide l‘lndﬂeﬁaﬁth the C,'s
are selectively hydrogenated to nono ol efins.

beifjshapadeneRA iy CRPERBIRENSY @indy palleatedyin |r%eli@ré8%ragor 20. The
unﬁ:[aﬁ@égnstad% &8%@“%@8 ﬁ@ﬂgsﬁéﬂ&g%‘?@@mw d A8l gg%g%éparator

out” Wi fe ove
20(4a iSatide1i0gHdrer seat éo pr@nimzbmcasem/eﬂhma@sde/msed Cgsvare removed

| ine 103 th th 1S bei d d d )
ViR BORABOTHHY GRS AT IR GR JPWAe FAB- A portion of the
coHB%FPé%eCS‘%da gieanﬁea ) meealsﬁrggfgﬁﬁsah&n%gcfo%nmsg rdfldWia flow

he recefver separator 20 vi ['1Tne 106 and sent
lmtele;Sroduct recovery. The condensed C4 1Sare renoved
[ I|n 109. and sent roduct rec

I i, .
{1 o e 928 HeRvis Eoronerts A Botiiiar s Befots Wid gow tine 104
Wifheé bﬁ% B&nfy WSC:%Lﬁét‘eH'tﬁFdL@'h eBHEN3 [ SRAGIAW 1iA® 189 to the bottom
re ux Vi a i ne 1Sand heavi er

ofélmerﬁtshléartm eolemrerangéat @s B@h’c@r@ﬁrsprod@pts lasavtakereviadglpw line 108.

LR BRSO PR, e 48R, OB il s -
delfkfmtag%borg eAAbehg10,'s Batd GigRtepr o5l usishatide had e, ¥iand lhewvier as
bottoms. However, the distillation column reactor could 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. The conditions were as follows:

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



The enbodi nent shown operates the distillation colum

reactor as a debutani zer renoving C4 1S and lighter as
wovarehezads and C5 1S and heavier as bottons. HeGEAWS2(05/038926

the distillation colum reactor could be operated as a

depropani zer, depentani zer or dehexani zer dependi ng on

the conposition of the feed stream and the desired

product streans. EXAMPLE A typical product stream from

a pyrolysis plant having osition as shown in
TABLE | &@ Jen itnto a di ;I'{Aﬁqu:_gPF% col umm reactor
havi ng a (?Zaq <Y and structure a$1° 4scri bed. The
conditio WEFE as foll ows: Total, f rate 53.8

| bs/ hr 199 ati o 0.008 Reflux R& % 5:1 Aver age

Cat al yst Ce@peranaxige2 10 oF Pres&ft¥ 170 psi gTABLE
Conponen€tgigydr ogen 1.294 nitrog@0%. 726 carbon
monoxi deethe4®4 et hane 0. 009 et he@®.848 698 et hyne 0. 420
propane 6th26& propene 17.240 propP2®. 623 propadi ene
0. 327 i sgrdpsdr@ne 0. 205 iso-buteneOR6¥9 1-butene 1.939

propene 17.240
propyne 0.623
propadiene 0.327
iso-butane 0.205
iso-butene 0.309
1-butene 1.939
1,3-butadiene 14.262
n-butane 3.547
1-buten-3-yne 0.000
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 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.



1, 3- but adi ene 14. 262 n-butane 3.547 1-buten-3-yne

0.000 t-2-butene 1.076 c-2-butene 0.790 1, 2-but adi ene
wO0.208/08883pent ane 1. 385 2M 1 , 3- but adi ene 3. 061PCT/US2005/038926

cycl ohexane 8.801 Conversions in the reactor were as

foll ows: Conponent %ethylene - 1. 1 ethyne 100

propene -4.9 propyne 100 1, 3-butadi ene 98 2M 1

k&g\t@ i ghe QBshydrogen 59.2 The results show
The?’nm l|%cant |ncreases in both ethylene and

pr opylﬁepeoc‘élse fomthensélective Iayd'regemstlomof Acefylenes sindodienes in a
.the sel ective hydrogenat.i o acetyl enes and di.ene
e PR T AGER PG TS i Conp el PG e CqIBPigng contacting
a n¥88 PGAFRUMSOrE SIFBA ISt SHIaBRTY @Ffd OGhadrdchasbrity cReaf@ethylene,
stream containing Cl1 to C8 hydrocarbons, including

aC@tyiw‘leermd d@@ﬁ?lambby@@@em\@ﬂeg @i@ﬂyhfy@mm@aﬁmm (A Tato 30 wt.%

591 i Gl Pelc: R tiébaimist ofp SraliBEpFhctial B piske! only or

moRéI Qh@KﬁHe enkorerelBineed sardtan&ont th@l’g@olﬁb @Dﬁﬂéﬁng of copper,
sel ected fromthe group consisting of cop rhent um

rhqmunnaonajl@plw,n@mgcmid §I|Y3fermagf®6rh‘¢*§1b Lm?P W‘Ef@erﬁ%‘ﬁ'um and

blsﬁﬁgﬁ d@@‘?}gd% > t%rsg§88ft l# ngmu{ FBH%%& n%"é/bf'f’rom 1 to

abbot 830 mzlgra@\etbtamuaogeh poEe (D(ﬁlun‘rfemsflffbrﬁ OtZ)t(anlmM OCQ €c/gram and
cc/gram and an average _pore dianeter. of _froma ég

ant versgeL Paied Sfaresiedi @f 6&9@1 AbQUEnpHE} dputed aﬁd“?ﬁ%és%'ﬂ lons of

terhBer3BlRCL A Bloh s PLIaBR RIPRGINLERSR: 48KtyRhE8ESRd dienes.

2. The process according to claim 1 wherein said catalytic component is 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 supportis 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 calcined

at a temperature in the range of 700 to 1200°C.
7. The process according to claim 6 wherein said catalyst has at least 30%

of the pores larger the 100A diameter and a total pore volume from about 0.2 cc/g
to about 0.9 cc/g and ABD from about 035 to about 0.75 g/cc.

10



2. The process according to claim1l wherein said

catal ytic conponent is Ni. 3 . The process according
WwWOQowlasazs 1 wherein said catal ytic conponent i BCHiUSkm®E/038926

and one or nore elenents selected fromthe group

consi sting of copper, rhenium palladium zinc, gold,

silver, magnesi um nolybdenum calcium and bisnmuth. 4

. The THDLS R s @ees@dintptd Slafh F Whneiebeigass 809, sfROsdres are

is selected fromthe group consisting of alum na,
larggrithen, 100/ diemefer-tal cite, silica alumina, and

charcoal. 5. The process according to claim4 wherein

said support is alumna. 6. The process according to

cl ag Mrhewhteteisacirdinglooiand haseletesaid ahized égdaicagbon stream
. tenperature in the range of 700 to 1200 OC. 7. The
is firre Ge Pyrel¥eisidMg to clai m 6 wherein said catal yst has

at | east 30% of the pores larger the 1QgL di aneter and

a total pore volunme fromabout 0.2 cc/g to about 0.9

cc/ §0 ardpdidBs$ farthalbeldctiod hytmgenatibn @f a6etyleresBand dieaes in a

rocess accordin [ [ 9 ,
ifee g 40T SR g FOTRRING GOAUR et BYdrogabopRocomprising the
steﬁégﬁ.ess according to claim1 wherein said m xed

ydrocarbon streamis froma pyrolysis plant. 10. A

pr otBsedding alstresel eattainendhydwgenaeihytersf, paeptighe resstylenes,

and diepes in.,a mx hydr qcarbon stream cont ai ni clL ..
ouCE R RPR S0 4 B BH AT G e e PERUBEN QD e of Sblective
hydreg8dhatoR catdl@am cont ai ni ng hydrogen, ethyl ene,
ropyl ene, acetyl enes, butenes and dienes to a

p
di sth)l | fadding coidiagen deiowr theedowest ofwdheelyew dreds of selective

el ecti.ve hydrogenation catalyst; (b) feeding hydrogen
hy%@%ﬁﬁt'ﬂréc?@i@gt of the two beds of selective

hy di®gesaéd reentRah daisdisti(ationcesigmhmeatioy, i n sai d
distillation colum reactor, (i) reacting at |east a

portion &) serdingcel \prshéspariPndrknasl arehlangs: apdslienes with
hy@r{g@gHQSrdggﬁl?%?h%rfonae?ﬁgdarfdol ) separating the mxed

roca reaminto’a l'ower boiling streamand a
hi gher bdii)l s@garatingahe byixedahydmecatboti stredimatritona I¢wier boiling
nmoving the | ower boilin fstrea frolmthe
pfr lation;

SUBRELAN] AIGHEIRN hSFRABHES Taeional dist

(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.

11. The process according to claim 10 wherein said lower boiling stream
contains the C, and lighter components and the higher boiling stream contains the

Cs and heavier components.

12. The process according to claim 10 wherein said lower boiling stream
contains the C; and lighter components and the higher boiling stream contains the

C, and heavier components.

1
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over heads; and (e) renoving the higher boiling stream

fromthe distillation columm reactor as bottons. 11.
wOoheoepssasess according to claim10 wherei n sai #CrwseNs/038926

boiling stream contains the C4 and |ighter conponents

and the higher boiling streamcontains the C5 and

heavi er conponents. 12. The process according to claim

10 yhergb hHreddsh 4aaRding @b kidig £ weereinand stlkstivdiby@dgenation

and |ighter conponents and the higher boiling stream
catelyst evmpriserenichelanly preRokel @nddmsodianpte algmentpgelected from the

roces [ i i h | i .
orofparaRIn e 8 tebbstyBnflsh, PRLANERF Fnt Golfy sBrer, fBpgpesium.
mofhdepn e, eslciam anelisrenthsiepelsitet ed of suppottihevingdog a BET surface

rheni um,  pal | adi um zinc

afeéioqr}\sf%f”% i1 %ng@gf 109 ﬁ}?@@%@amitreape PR VB iR 0% to about
o.9g$c9§r%'n§ Sﬁd%@ A 488 bt ﬁ%)‘hétgr bbfofh $§Juts1ulfo’ RASRACA

rom gram total nitrogen pore
volunme of fromO0.2 to about 0.9 cc/gram and an average

pore diameter of from about .110 to 450 A. 14. The

proéésd hﬁﬁ@?%ﬁ%@@%‘%ggﬁ’ a4y &W&&f%”ﬁlﬁ%sgﬁ%‘ﬁgﬁ s?lgcted from
thesﬁjoﬁgtcﬁﬂsifsﬂﬁgb? BRIr8ih e Ul &R BR 8 hia €alSite, &R dMa@mirfd 4hd harcoal.

zirconia, tarcite, silica alumna and charcoal. 15.

The process according to claim14 wherein the catal yst
centration on the, cat from

has C al ys 1 30 9

baség- on "enBrASS| 2GRATgE &9 (‘Elﬂ'é‘){ct‘% AJpn i}g‘? cﬁj‘%ﬁ/st/ohas a
coRbéMBtDnaAGE KA LAt FPni1MolE0 WieTShdbedl GWwhiid eftabiveidif of the

over heads 1 s condensed and returned to the

catdiysti | | ati on columm reactor as reflux. 17. The process
according to claim 16 wherein the pressure within the
distillation colum reactor is about 170 psig, the

aven g hedrotysd abrading 1 eramurwhereib ayordi®obiheandtrheads is
the reflux ratio is about 5 18. The Eroce S

1.
condetad anfl tuaies o the diHilpEPR COREMRTSRLOhIF bon
stream conpri ses the vapor product streamfromthe
guench system of a hydrocarbon steam cracker
conpri sThe predess eccondirich énelaiti24 Evoéreln tse pnessure within the

~paraffins, C2-C6 acetyle and di enes, benze
oy e S ST el 5 SRl A5 beg temperatur
; |y IS/ i M . % based on the

is %@élgtléﬁ\?efﬁ@{ﬂesr{eﬁlg%ﬁ}o i5 Asbut®:

18. 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,-Cg olefins and
paraffins, C,-Cg acetylenes and dienes, benzene, toluene, xylenes, and other Cg+

components.

19. A catalyst comprising (A) 1 to 30 wt.% based on the total weight of the
catalyst of a catalytic component of nickeltonly or nickel and one or more elements
selected from the group consisting of copper, rhenium, palladium, zinc, gold, silver,
magnesium, molybdenum, calcium and bismuth deposited on (B) a support having

the a BET surface area of from 1 to about 100 m2/gram, total nitrogen pore volume

12



catal yst of a catalytic conponent of nickel only or
ni ckel and one or nore elenments selected fromthe

wanrespssnnsi sti ng of copper, rhenium pall adi uURCTAISEWS/038926
gol d, silver, nmagnesium nolybdenum cal cium and
bi smut h deposited on (B) a support having the a BET
surface area of from1 to about 100 nR/gram total

of f%r‘h@g% ABBUE0PEYBRAN dridoan Qv@ra?@ hreuiafeferat/fasmmbout 110
and an average pore dianeter of from about 110 to 450

to 460 A0. The catal yst according to claim 19 wherein the
support is selected fromthe group consisting of
alumna, silica, zirconia, talcite, silica alum na and
chapgodihe tdlystlcedinglty slaiact@wiierdn tioe slppaont Rlselected from
wherein said catal yst has at |east 30% t he pores

thel gipgeIconpighing obaluminassibga, ZHeoriat wicle. Eg'Pé alRAENG ghprcoal
about 0.2 cc/g to about 0.9 cc/g and ABD from about
035 to about 0.75 g/cc. 22. The catal yst according to
cl apm Thewheawitacsaiding &t abipt 20 whenpiarsaid catalylt hagat least 30%
The catal yst, accordi to claim19 wherein said

of a6 1R IgOINA AAmFtekand AiataRErYONGRa AN ot 0.2 0o/

to §§$&66 8%cf % o \:a) %&H%&%‘E‘@Bé% %%ou?f) EPHRE! |

eni um dium zinc, gold, silver, magnesium
nol ybdenum cal ci um and bi stt h. 24. The cat al yst

SCo911 1., 2AAT S SEL AP EEA LR oot

Ni. aI um na has been calcined at a tenperature in the
range of 700 to 1200 OC. 26. The catalyst according to
claim2 1 wherein at |east 50% of the pores are |arger

t ha531 /_(\e gelltal%{ g(r:Cording to claim 19 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.
24. The catalyst according to claim 20 wherein said support is alumina.

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

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

26. The catalyst according to claim 21 wherein at least 50% of the pores are

larger than 100A diameter.
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