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DOUBLE BOND HYDRO SOVERI ZATI ON OF BUTENES Fi el d of the

I nvention The present invention is directed to double
whoovd/1Badr oi soneri zati on of C4 ol efins. BackgrpCmusmwbe/013198

the Invention In nmany processes it is desirable to

have isonerization of double bonds within a given

BRI GG SRS O EAT O Gy Repmy erent o

_ wi t hout changing the structure of the nolecule. This
Field of tke MVEPEPRNt from skel etal isomerization where the

THe' Prisehe irfeatieasis (dirsdted ytpi dulbly boadr kpdmnisangerizegion of C4
_interchange between the iso formand the normal form.
olefins. Skel et al i sonerization proceeds by a conpletely

di f t ni smthat double bond isonerization.
Backgr%{%{cgi{tﬁg l?\ér%ﬁn@?i zation typically occurs using a

|grn¢ébrlm mrgcassi;gﬁ it iscdesitabie fo Mhee scanerizafionsfsiasible perdewithin

2 oven o e, Bpapls BERE ORI A R LCP AR of e

double ?Hﬁ@WitHne%[n%Ie&l)‘lg ARt CHERgIRE thE strat@ire oot lecule. This is
such as or Pd) an

) _ C ) occurs at noderate terrper at ures
differenifidre sketethhiscamerizatiopdnbigen the cxirugiere: ghaeges ymost typically

enpl Qys .basi.c net al 1 de ¢ t [ '
eoresclBRINE ARt Bhu I BhrloH A ol form. Skt
isomeriZRESH FrEcd TP Byahutemplstelyosifferents enbdhaniami thiaz edauide bond
_ interior olefin (2-butene for exanple as o sed .t.o
somerizatan. Selela serpetizatan pisal ash'  PETRIAT S gatalyst.

e interi AN ouer er ke

ot 8oy ¥os 4 " ifkee THEr ORISR PRoridation,  namely

hydroisbaiepizatiémh and moerhydroisoedérizativer Thiecfoahnphuses efriall. quantities of

h ' - .
hydrogee.ver GRDIa HBeia) IFAIANRIFySHER ol bk denes s 4t ruderate
temper%%;?%gn \Z/@ﬁ? ;h_éefg%lr Ry droger fleehd §PRally Mnpteydieasiimetal oxide

' 2-butenes) are réacted to maxim ze the
catalys® dihighersteamperatuigs.naxi m ze propyl ene. Et hyl ene and

- but ene not react ... lf i ]
Gableiond RyRlsartatitrton st Mefetid iefipfes BBy ysed o
maximi%@ tﬁ? U Gefih (D-Diten@fdrExaatble b dpposed ito Krbwrenefsince the
oubl e bond hydroi soneri zation reacti ons occur ,
thermodynamic equilibrium favors the interior olefin at lower %emperatures. This
technology is used when there is a reaction that favors the interior olefin over the alpha
olefin. Ethylenolysis of 2-butene to make propylene is such a reaction. The
ethylenolysis (metathesis) reaction is 2-butene + ethylene >-> 2 propylenes. Mixed
normal butenes (1- and 2-butenes) are reacted to maximize the 2 butenes and thus
maximize propylene. Ethylene and 1-butene do not react. If in a mixture of C4 normal

olefins, 2-butene can be maximized, then the reaction to propylene will be maximized.

It is well known that double bond hydroisomerization reactions occur
simultaneously with hydrogenation reactions. In many commercial applications, a
feedstock with highly unsaturated molecules (acetylenics and/or dienes) is processed
over a fixed bed of supported noble metal catalyst in the presence of hydrogen. For
example, the reaction of butadiene over noble metal catalysts can be summarized in
the reaction sequence shown below:
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simul taneously with hydrogenation reactions. |In many
comerci al applications, a feedstock with highly
wap®attiat ed nol ecul es (acetyl eni cs and/ or di ePE€BUS1086/013198
processed over a fi xed bed of supported nobl e net al
, 2 g For exanple, the
reactl on of 1mot adl ene over mobl e metal catal ysts can

be summarized in Re react? LSequence shown bel ow: The
prli mary hydr ogenatien reacti of butjadi ene pl us
hydrogen forns 1- ene. It proceeds jrapidly over the

c atabysts—{+relatd vei;égH‘gqu valent tlo 1000). In the
presence of hydrogen,[ two reactions occur with

1-butene. One is the h¥dr0| soneri zation to 2- butene
The primephydiogenatier reactigop! butadieneats dydraggi faemst hédutene. It
3 p!

: d but, d
proceedsfeRRAPERe el b REF 1 4BuPb BB e iyalpBEERATDn TR 4Re Presence
of hydrogetmr hRb rbatiors deqiratitty ¢-BiabRe 0f0AD)s th@"‘ﬁycfr‘o&%lmenzatlon to 2-
action is the hydrogenation of 2-butene directly to

butene (rﬁ@th’ﬁl redgtfnt00)Thilbis Eeagiensreswdrss theaprasemceredl hydrogen to

process 81 0Bt 51 SRS UEhALLY, SR BEGPSRMF) % Sepaton 1o

normal blﬂapec(teéaltl\ldﬁmte bvheO g eTteefihyl fechbdn ist*h@tlﬁld?ogé*m’cﬁirﬁcb@butene
90% to 2-butene and 10 % to nbutane. The

directly th\f%{rlf'é?ﬁ %Péﬁj}eesﬂm is the ployeesireagtion (relativeirate of 1) and essentially
can be néfl8&RH" aPh&er d’lﬁr%a‘?'c%ﬁﬂﬁ{) oA gﬁeg d@fglr@qqg&gﬁs @éﬁl expected

reactions are e carrie

that the sreéfa«ztl\o‘tysof Ubetermmnt/ensgon gfn!s&% 9(3%5todgaﬁﬁerbfsna 10 %’ to n-
s and net hod for doubl e bond isonerization
butane. @6‘?1&?% d rﬁarqﬂenfﬁ ?Rp of @l 3F‘§@é‘|dd§r¥n§@|5t§ah|ﬁcont ai ni ng

Hy@rongbﬁfénrﬁggﬁ Qnﬁthg F‘(gc%é ﬁfg)‘?]mr%)%lte:{ %@d\@% ﬂc? R% &%E dutin

fixed bedsepetorst dJ Se&tatemaneBrﬁ%hﬁdlﬁ @%scnbés acpioaess RAASINEERA for
nobl.e net al. cata g@{t hen recovering the
é""Sr%

double b fhenAatbrboni o §E5cgeben Sheam Aopiieing 1-
olefins alﬂaétqééstuddé slﬂﬂﬁ-c%‘ﬁltélengavforﬁanHS‘ IVJI‘hV@CFI’ %%ﬁ%&rﬁltﬂe mixed

enati on tendency "o e cata t' hus

0
hydrocarquhefg@@ehﬁiraam toregdactinni tempedatifras, cmtabkuvmtheastb@am with a
o the feed

noble mei%,greaga yg{ Eﬁﬁp fﬁ%ﬂ%%?{egsggtgﬁ] g—p?echrgs %qud@:cgwg h&y pgocess
descnbed‘W'ﬂ%%eﬂ@ﬂt Uflﬁ*éeé Ol 98 ér?‘é%rdltl\fé Foff%!tﬂ%t ent %dbé?watlon

fixed hydrogenati on reactor.
tendency ®f thre Cetalyst amddhssiimdraase myciod)momelnzatltsred Sutfur is shown to be

either preS3RPIT Rk B nadhefln 6 Hedagt AghesdRdns byt sream.

It IWKhB\AIrﬂ% érﬂptdyfé RIHFRAIBES FiaRtioRhtidN owWe s ddfbindBon with a
fixed bed hydlrjorgnenatlon reactor. In U.S. Patent No. 6,072,091, a distillation column is
used in combination with at least one hydrogenatlon reaction zone. The hydrogenation
reaction zone is associated with the rectification section of the distillation column. More
specifically, hydrocarbons are removed from the rectification section of the column to
hydrogenate at least a portion of the acetylenic and diolefinic hydrocarbons contained
therein. The effluent from the reaction zone is then re-introduced into the rectification -
section of the distillation column.

Itis known to carry out a hydroisomerization reaction within a catalytic distillation

tower. In U.S. Patent No. 5,087,780 (Arganbright), a process for the isomerization of
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specifically, hydrocarbons are renoved fromthe
rectification section of the colum to hydrogenate at
wo E(E)S)tlliﬂ9p0rtl on of the acet yI enl c and di ol ef i PETYUS2006/013198

roc rbons contai ned ther The effluent fromthe
butenes IEHBOEE S BHY R8N ER G0 F A 5Haead A Sia o Rentaining 1 butene,

2- buteneIr eéﬂd fs'n?éﬁ 'a?ﬁb@rﬁ%téfoﬂuféf rﬂ? iglifgi 4d at {:%H&r eagptlatlc}n tower

known to carry out roi sonerizatio

contamm@qa Rdrcadalyat. aAyslmatll dm@tmt bﬁhyahmgQEmAelaJsci feddoIheRatventThe 1-
5, 087, Ar rocess for t

butene, §efig A PE M iTaneer i et o arhandadiisdhe 2-butene,

being Ies§§/b%@ilﬁ 'tén@l&?ﬁﬁé(b Rﬁ@ard%ébbﬁé‘m éTQHé érn QCQTaR}f'ﬂ %rP?cated inthe
2-butene, and snal| anounts of uta lene 1S

zone Wlth:higbeycml@cmtmtldnsauﬂ%huteomeand dwtimlsmnmgnaam ob2-dluysrie to 1-

butene o] ReSERAL2-Buehl 1aAHR Pt Bey Horemeled or Penloer.
isobutylefRé$s pAR\GTIhE YEEM BAuNRi it Rilll £180 ZPN&RBad *ggtm@e' ?%ﬁtene

volatile, tends to go toward the bottom
In EhBaPgtantiNo| 624241 a progessdoe the Bbparaglwrof |sobuty|ene from

normal bGBRES T ARHIAR. B yEpth & Bls el e SN buoRin Priacess
incorporaling tthenhyayoibemeeicrfid e fed @idn A tAMEIre dffndrifp ‘éh)ﬂ' |§8@uﬂyf5€nes

part of the feed mxture, it wll also go overhead
s fed 1o Ritpwer inong mitheasmalhamasnt pPéthydroge. G'hmibvmroantams a Pd

catas 50888 i LSRR BB BB s S Pt
is locatedcimt Hﬂeytxppeldsattldri éf tl"@tdWé?qﬁSaSmmmrdwrcﬁtda‘?ﬂyéthﬁeds OIAs the

roi sonerization reaction. A mxture of nof nal
frac“"““l%b@ﬁ?%%rf@@ isebpibdens ROY&swev e enatl V\ﬂ-tBrlut@n@rfaISD a volatile

componeﬁ O(B rlﬁ %‘Wlﬂ'p S(ﬁ éﬁ)gver§ ﬁ8§ttﬁ }s%r{ﬁ)ﬁqcﬁaast ﬁg employ a

cate |n dIS |on

skeletal lscomenzatlon t:biad;ysm theeisebutytenecaioviey hrdugH ﬂfeafo@\%rldhatffé%ted
y 0

sectjon of the tower in a multiplicit
However jg&é@?@fn%&’@%'on/%ccﬂFﬁe'nfthsdﬁgl@ﬁétqf dvghvddurtene and the 1-butene
is convertb8 9 9LlERS, '1‘?1\(? Y@r‘i@%‘a\gs? %ol%'ﬁ Qr?d frgc#]v?g% t%“ﬁ%b ft'ﬂlgleof the

conponent) ten Pdob
tower. Instnést t&rafnkmesraimﬁve@‘rph@us&b&l%élﬁ & ob@tﬁ@d lovatHed since the 1-

the i | ene noves through the tower
butene is rﬁ%%pé %\ﬁéﬂ?gtﬁe RIIBPLRS rR¥tERGL i on occurs in the

Thé%g@@spr%eé%é@alilp 8% &Fgarrnl}ﬁalllss:lq ré’?ecﬁﬁ%@fgi% In

tene. This utene 1s | ess e an
the ethyletf@l){SIrEe(metettbasle) redetion @f@rbutenettbifsrmh @isdﬂp)ﬂéne it is known that

rel ativel obutyl ene is obtained overhead since
isobutylerihis Hor el feed Eattbdacaindsaewalsnaanon elbisnawilbeot react
Isobutyler?e EHHeZl%utérrﬁhevﬁipFé/é‘ct96(?8|§ﬁgﬁéggilezhepérﬂfj§crﬁeﬁ1y?tzr&ﬁghe This
Is concentrated In

reaction has a negative effect on the propylene select|v1ty of the ethylenolysis reaction
and is not desirable. Thus in most cases, it is preferable to remove isobutylene from a
2-butene stream prior to reaction with ethylene.

Itis known to use a catalytic distillation — deisobutylenizer (CD-DelB) to prepare

a 2-butene stream for a metathesis (ethylenolysis) reactor. Similarly to U.S. Patent No.

6,242,661 referenced above, a CD-DelB will remove isobutylene overhead while .

maximizing the flow of 2-butene out the bottoms as the 1-butene is hydroisomerized to )
form 2-butene. The tower typically contains alternating catalyst and fractionation

structures above the feed point, and fractionation structures below the feed point.
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the ethyl enolysis (netathesis) reaction of 2-butene to
formpropylene, it is known that isobutylene is not a
waele®sned9f eed conponent. |sobutyl ene and et hyl BeTEUS2006/013198
not react. |sobutylene and 2-butene will react to form
Usually hereopl e 2Rl PECBOMITEE, (OWT 5 HHEREST0 6 AGdecbolow

e et FRFETN SRS s R 0 SREFREy E51BEKK b rco

point. nost cases, it is preferable to renove |sobutyl ene
froma 2- butene streamprjor to rea Ilon

TheERyPeHRin this sarviesaaeonlighes ave Hng WSC "my&r?'ﬁpaﬁr@ﬁs the
1-butene fo éij{SeQ‘Eé r gﬁﬂg%@rr écﬁ%r;p? fBlb t@né’bﬁ@%?xﬁmge% Bfluction of

0 fesis thyl enol ysis) reactor.
propyleneSiami fyd lyydrogehStesRatamalNemd&inypareelnisedfdrndadiede after the

b
e P Smh i P i B LR T L ey o
metathes@ﬁ:eatt%lgstl IR @ﬁ?D‘e?B RJELISO ﬁgﬁfﬂu@rﬁ’e bﬁdﬁ%ﬁnt?eﬁétﬁé‘ €ne most

wer typically contains alternati n% al yst and
volatile cdm;a@’ierﬁemldohensituom oweme@bldmdhehew{%eea po?-hutersnand the n-

o b b TR oy . e PR o
have mtelWéHlé’t%% z?tﬂlt?gﬁé %#Pgb% dr%ﬁrﬁ@é‘péﬁdlﬁg u'pE)théi epekdtith of the

'S su i spersed by the tine it reaches
tower. lflﬂln@ mwerdasmmgnecns@ bt tee B-buiene goeseupi gecontacts a catalyst

soton 38 ETRHRGR A0 oD L B pens
equulbnurﬂr"l‘i’tH@t’éWErZ?hb"ﬂebﬁfe(h‘é%%@ﬂ frehn RY@RYSBNErizath ¢itEe 1 butene

drogenates the snmall remaini ng anounts of butadi ene
tends to racb\teedowrlwaaéaedﬁh@éemytmlmgéﬁ&ﬁﬁimﬁlc@%tm%@énw@ upward. The

ractonaifET L RboR oD AT Sopd5 Td BRAPRLIER U ¥

ThensLtbarpet Whiheentets tthe cnmamemolsasngmwclegpmmms thad the 1-
. tend to go overhead in the tower. The 2-butene an
butene. Sueafether butasiene A8eVeHMAWArS VeiRTet Erg Hy@r%@eﬁ%egr%ver the

Th
cotas. ST P A e PO ghion o
the butad‘i&?tﬂtbt gibv@fg J{dg\gagbo@emnyﬂ Hydrbgehateertoinsbutasieg lTehis sonstitutes
goes U

, It contacts a catal
aloss of -butdnes anedthus aHoss ef %ﬁié‘f)f g gietathesiyinie ROMe 0¥ ﬁ‘@ butadiene
moves d?\g(wp_roo Imtbhtg“n #M%ﬂﬂfﬂbtﬁelk? &)?8&%&qurlhlb%dtgmén% ltsh.%reacted

b f ene orned dr oi soneri zati on of
since it db&endt dbthe mﬁotwmﬁ@cttvmtrrmmydbvmmummmn he presazitii ng more

than venyslopt Pus (6ne REUOBHGH (R BRS (o B9 ToA 18 PRReRBUn.
U.%. i?—"éttéarlﬂtel\lo. 6,420,619 is directed to a process in which both a “back end”
catalytic distillation-hydrogenation unit and a catalytic distillation deisobutylenizer are
employed. This concept replaces the fixed bed selective hydrogenation units normally
associated with ethylene plant fractionation systems. There are typically separate fixed
bed units for the C3, C4 and C5 fractions to remove the acetylenics and diolefins to low
levels prior to further processing. The system of U.S. Patent No. 6,420,619 uses a C3
to C6 hydrocarbon feedstock from a steam cracker or FCC unit. In the “pack end” 3
CDHydro section, catalytic distillation towers are used to hydrogenate acetylenics and
diolefins in the stream including butadiene, methyl acetylene and propadiene and

produce a propylene product stream. The bottoms of the tower produces a C,+ stream

4
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The but adi ene which enters the CD-DelB is slightly
| ess volatile than the 1- butene. Sone of the
wheicadiane noves upward where it i s hydrogenat BCGI/OS®06/013198

i SN SRHE ol BH Pr  AGE e,
overhead™O%G8aHPWRbF | the | dlebyitadly&lr o%en‘z-&ggldt %n-abutcét%%@h' where

constitutes a loss of n-butenes and thus a | 0Ss o

hydroisoreddatiar oecurst bit additien tmihe CSterd mfthtgmbblmmzéngmleere isaCgt
- ith the primrily 2- t.
reoycle R B ABURBL A Pty B G RS BRSRS r
THreé @dvantRels ofith syateth idcloddd /LSNP S8Rt RS, B&?zﬁﬁ,?m are:

in no nore than ver Iowlevelsmthe_bot.torrsl _
2-lbutasiyele ef the bet sgamvirammtiteametathssisninit allo®s for a higher

.8, i s, directed t i i ch
pot n s PR ceivERloR BL e oleSi Bt PettebivBRfRRalgbalimatpes a
uni f CanﬁdeTcﬁ@tAarmm thi @@b}ré@l%ﬂﬁﬂ@ﬁﬁéﬁ lti’)ﬁgtgﬂ%@rtoaf&ycle
ed. IS conce repl ace
221'0 eg%/¢weﬁ§¢dr%9ét%napbﬁclafﬂ the metathesip reesioti ated with

ethyjen t o : | ' . There ar

o e forRbadl oo BN BN P PuntiReed teprarand
CS. f aaxttalgsiscan bewsed ihhtheadebilaiictthandisl ebhafbd1tised to
to |l ow | evel rior to further processing. The system

of LF&EC %?ﬁ'ﬁRks? agydases1ofdyiadiens. c3 to Co
f e s F .
Ono ddgaaen I8 SRl )L Al PRyt o
catalyst rdusithé Laed.oMnotiver disadeantagd, aﬁ iritj/ldait@g&imiv%l, isdf[hat in order to
: : \ . »
saturate (56 Dutadines. e tiapnioneten Kone Tarel bt dpsianesio pueh raiiediene
. t t 0 , r .
o over s BRSRITRGTRSINE I, 15T TRP AL Bl AR SRS A i
disadvanfagacisi thahwhem thestovembottdmisris ltodes ugedelub Fakdestreatior a

head f t debut ani ; is routed to a
metathesE Sl e AREREY o) GODLBARRS e oo greaUired tRibs v hereby
resulting Iovd)yhidgH ufiRe ok fd?%gsmHﬁ]@f?\'dzc%nde%% Ige I's a G5+

recycle fromthe downstrea ractionation system
A alteroativie to lreCheDeatth éoii abtaining aTPHbederselfesd sgasn df atdystem

which orfS}ET 586 1057 Byt B e e doBinefiagi stam s selcctve
hydrogenatib@\Witf OThé sBIe@hife HyRFYGE fatiPYSE ﬁ%&?ﬁﬁmf&vgg %é}r?g@vnéﬁrégtpn low

since the conventional system uses a
levels. Thea the- eiflopnt Edi feed sineain issfedribemdedond fixedyiséd reactor and

ryarogert“HE RNEEHEA? O B8, PREH beaL i "B DEflehe SRCHRD tarn
hydroisorh€G6d ® 2HUesB aRd%he small amount of butadiene that remains reacts.
The effluent then goes to a conventional fractionating tower where the isobutylene and
isobutane are separated overhead and the 2-butene goes out the bottom where it
enters a disengaging drum in which any excess hydrogen is vented. The remainder of
the bottoms is used as feed for the metathesis unit. This process requires less catalyst
than the CD-DelB unit because of higher driving forces for the fixed bed. The

fractionating tower can be designed to allow more isobutylene to pass into the bottoms -

effluent, thus saving on utilities and capital since a smaller tower can be used. The )
disadvantage of the fixed bed system is that the quantity of n-butenes recovered is
slightly lower than when a CD-DelB is used.
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3 . a catalyst can be used in the debutani zer that
al so can be used to selectively renove any traces of
W(bmoa,dlxlme One d| sadvant age of a conventi onal PCDUEMDE@013198
stemis that |arge quantities of cat

U.SubateniAle 846, ardiclamtade resofircn 3o isgutytene
and propyﬁe!%aet tbfh ﬂ&greorca%tﬁbr?‘?traﬁfléﬁg htanxeggl TR BSn ét@ﬁ‘\s The process

o Y A e Pria ™ b to push the
disclosed imhmtﬂc&m&nem coviepriseiseth e ahqcsissw‘émtag%saswnn@lyﬂhtrw selective

tly t th fl A
hydrogenaliosad A BGIENes NImiSUREREAIRN 5o ions ds ZDulfge up to
thermodyﬁjasrﬁfé llﬂ)rpﬁ"ﬁ dzg%rﬁé afbn® 'H?ét?ﬂbh@ﬁ irfto B fraétith containing

but yl'ene 1 n he bottons is required to
lsobutylenbe ahdvva bh’&mmbw}rac*eeul ¢omtgining va-bytdnelang: bufane, cesd s3) the

metathesied! Ha5 A PEnBEEATAAY 5o g o BebFelFbaEnt” .

Tht§§’ %ﬁgu%y&@mb%&m for F%ibah’ﬁ?@ hpdiediesprsamg firiues as feed
ownstream from a sel ective hydrogenation unit.

streams fdrm nesththesis/eniby Hivenyda bt usefuhiordevelep armsathpssand apparatus

or the s S0 G BYARIE 1 IR 08 BB e rovec

efﬁciency'@M@F?Béf‘khéwh%‘yé%ed In the fixed bed unit the
1-butene in thé stream hydroi sonerizes to 2-butene and
the smal | anount of butadi ene that remains reacts. The

f goes to a conventional fractionating
Summary%thqueﬁtlgﬁnhe i sobutyl ene and i sobutane are

Ac@@pimgattedthevewlaaadn,aaddohblezbbndeimygirgts@snefmatlpneprocess for
om wher.e

ol SRR TSRO o ZOLELR, B SEORPELCR, D, B
mcreasesk?%é/%"ﬁ of 8- H{ﬁ&%@ﬁ%@?@vﬁﬁr@i Red®Riaimeny Cgréﬂuées dlsutene

ess requires atal yst than the Del B unit
stream cdmauausgea tdwéx giveenthation of bumcheee ftbereheresuliag indess fouling

f t b d.t [
of the catplysbUV TSRS LS BIEE! PO L L DAt DREBFFPent . Thus
Thé%v%%dmnl% b}éfé#réé f&ie i aRpird G ssSoh e 9réf§n=ldt|@l coEBionN to

e used. The di sadvantage of the fixed bed sy stenﬂ
2-butene b$ atCrhstream mraaunmgm@mtan@aﬂér?ebuie@@ovémlsw mixing the C4

svear L 848 B30 LR TBe oL R 6 rco

stream in rt‘h@ ?Té’égddeyof' $RRYUA YRR MEGzRIcPRIt eIyt deehwmmrbaiﬂeast
tions having four carbon atons. The process

a portion dfma bbatenatorhbetense tharaby peegiaIRe3 rwﬁr@éo@@séa%n glluent,
separatmgl}ﬁgg\lygﬁgggrﬁpﬁzc’f\]%&Tgﬁluéﬁt %génﬁé& (glp/%ut SRa hﬁ gf 3 Rytene
mixture atthd Qpper end, a top effluent stream comprising isobutane and isobutylene
and a bottoms stream comprising 2-butene, and hydroisomerizing the 1-butene mixture
at the upper end of the column using a second hydroisomerization catalyst to obtain
additional 2-butene in the bottoms stream. Hydroisomerization takes place at an
elevation in the column at which the 1-butene concentration would be at a maximum
if this further hydroisomerization step using the second hydroisomerization catalystwere
eliminated. .

In one preferred embodiment, the feed stream comprises butadiene, and the )
method further comprises the step of hydrogenating the feed stream before

hydroisomerization to reduce the butadiene content of the C4 stream to no more than
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t hernodynani ¢ equilibrium 2) the separation by
distillation into a top fraction containing
WO sas)bglyblene and a bottom fraction containi ng PEDUS®NE013198
an utane, and 3) .the netat hesi f the 2-butene . .
about 1 it YacTHErSaaarie Y MPISaTGE R BrORRIED Sbi 80 GALRH within the
. . var . , nr; - . ene
fractionaticl{ol B BrPhFhENTs BES AR AHRLIRRRRIL SAURELTS it
In %ﬁoth@ﬁfdﬂnbltihemémbdtfortuewed)mpriaesrmihiog thaddiopas stresm with
_ or the selective, hydroi sonerizatign of, 1-butenge_to,.
a suitablepMgtRlBRE SRR 19 SVBRRINERS: (iR SEFam. ANt foeting the

metathesi%ﬁg}éﬂ S a g%e?ééso %éﬁsr hAYEeRECARG A6E 2-Biifdet With the

nventi on, nd hydroi soneri zati on
metathesiprreaetssit torforma eetathgsisherosiect ctisviatly, ibe Petathesis reactant
over  1-but ovi. ded. T?e i nvention i,ncreases the

comprises, e and B¢ GRS e AYCY EAMERSPE BIORYPBEM and

SoRIHHEL @ e WiRen ShEIGAEE T adnhadvier lconionents, and the
concentration of butadiene, thereby resulting in |ess

method flither reproprisése remavingttheucbngnd baaviequeaimppnerissiiom the

vosorf S5 G BN GO A BIGR HERoh EISE b car
or the megaftﬁé%i@'?@e@fstr‘éaﬁffissélﬁrﬁﬁ@ seotatNY petdthedisefeedandam is sent to

utene, conprising mxing the C4 streamwith a first
the metathgsdisogentast reamto forma feed stream

hydr oi sqneri zi,ng,.t he,f ee tream i e nege
In fﬁs?”ﬂ&ﬁloﬁwfg@'ﬁ&t’i %hdsé% éﬁy@hfbrg%r dégrﬁee%g %orﬁgér?) the
hydroisorAérizeRid%l rebdidr hi anoedtidrh@ownbueameirom thebideghpoint of the first

t her eby produci ng a hydroi soneri zati on_ ef f(J uent, . .
hydrogenssiieanat ilRganne CA§Es.o7 JuieRYHREEBHlEaM iRfRd {onthg fractionation
ractj ' : ' t
courmn a RGBTSR G B R Gy DSt HiStba e
One, two @ndll itiselusfithens daogemsiveame may furteem coongrisescarpon monoxide.

2- butene, and hydroi sonmeri zing the 1-butene mi xture, at
In ot &@manineMetREd LI Nh GUNPESES Yok (HeP Of Separating the

metathesi il | Bakvigp Bh¥dts tbFoRPlPhEaRPEbbBABAt stream and
fodtueP ot é B cof hsﬁf fo AP éh

atene In ream droi soneri zation

combininjakehephvaeenaorentsltreaat ivith the hydeoisoinemization wifiugnts he

B e Ao o 5l B RAL L s o
toutonob 43 BOARERI ) B FALE (34,05 ) 0 B8t igode hanno
flow rate bftl aslitene in #melbbtiems stream. In other cases, the flow rate of 1-butene
in the bottoms stream is greater than the flow rate of 1-butene in the top stream.

Typically, the first and/or second hydroisomerization catalyst comprises a group
VIIIA metal on a support. In some cases, an additive selected from the group
consisting of gold, silver and alkali metals is also included. The first and second

catalysts can contain the same or different metals at the same or different loadings.

Another embodiment is an apparatus for the preferential conversion to 2-butene
of a feed stream containing 1-butene and 2-butene. The apparatus comprises a -
hydroisomerization reactor configured to contain a first hydroisomerization catalyst for
converting at least a portion of the 1-butene in the feed stream to 2-butene and to form

a hydroisomerization effluent, and a fractionation column having an upper end and a
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met hod further conprises the step of hydrogenating the
feed stream before hydroi sonerization to reduce the
wheicadiane content of the C4 streamto no nor ePCT/US2006/013198

lower endy b BaCHanAambaly IS 4oBaoued ?éqi%ga?tﬁe:téeﬁ{y%wﬂzaﬁon
efﬂuenttt@v@rrn §r1dbn9c%h§rﬂni'xﬁ1r6°a‘3c'tlﬁé QEFQrt %w H%Jﬁgéhi ﬂvéaﬂﬂ comprising

structures. | n another urt
lsobutarm@nmd stesbtriyiemeg ehd thbCﬁMnStstmnvaDmmlssmgt%ueene A
nt to form at hesis feed stream
hydroisd[R | Falaiit stabs i clstioSel A e, Wi e d Sf she regdpaation

column t&agtT Hafbis6aRriz8GhENRDAtdnl ARG thiTotRe-BRtaidIesi s
reactant to forma netathesis product. Usually, the

Theinventien aceerdinalytcarppisesthe saveyalestepamict the relation of one

R T T AT N I RECM

features,! popeetidwdnlurdibesn aFnglehfets lex@pylfgdt ihetHed f(ﬁl@ﬁvmg detailed
heavi er conponents fromthe hydroisonerization

disclosurgs f | uent prior to fractionation. In some cases, the
bottons streamor the metathesis feed streamis
purified before the netathesis feed streamis sent to

BriefDleecri@tlcatb'éﬁieSDramngor In yet anot her enbodi ment, a
en.streamis fe

PO e SP RO A & £y ‘F'Hggfimﬁmdﬁ\/vﬂ@ﬂ%én? butene

stream is bredaddde feed point of the first hydrogen stream In
sone cases, a third hydrogen streamis fed to the
Figueec? isaschematisl drawing oéalamandcamu@dmnteamvmcbm 2baitene

svoamis hPAeRBL Oty PSR B RO TP R ey e

compoun@@r bon nmonoxi de. In another form the nmethod further
nprises the st of separating the netathesis
F lgw@d%éﬁ a pEBAMBEAATr éer&ﬁg@h embodimentimwhiohea@ybutene stream

s producTRATRRS A FERAL SR Y AR A LeBREE oo

Figie wspassasmﬁaa@drémgb@n 419088 e EhEsoNiIPRER irf WHIcH a 2 butene
small quantities of 1-butene. In some cases, the f

stream is Pé@@f@ﬂ angused asithetfped shgag trve@metgt@s@at@ctrpnanht he
FILRYS 8L ok SRS 1, ARSI LB BrBld iy ne

hydroisomexizptiontof rl-bintemet the2-buteme. at e of 1-butene in the top
stre% ) n%pl cally, the first and/or second

Figyis r9ERN SHOWARG ther ralismai dduitanes oop 2vbutenes in a
dexsobutyl’@f'f ectvﬂﬂclé‘ls?'&@\{?/ﬂﬁfreamré%f&@@ BRq rBfcRydi tive

rom
Figure 7 is a graph showmg the driving force at various stages in a

deisobutylenizer which does not have a catalytic distillation stage in the fractionation
column.
Detailed Description of the Invention

‘The invention provides an apparatus and method for obtaining improved yields
of 2-butene from a C4 stream as compared to prior known techniques. A fixed bed
hydroisomerization reactor is used upstream from a deisobutylenizer which has a .
catalyst stage at the point at which the driving force for the hydroisomerization reaction |
is high. These embodiments will be described below in further detail. »

Referring to the drawings and first to Figure 1, an app.aratus and process are
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consisting of gold, silver and alkali netals is also
i ncluded. The first and second catal ysts can contain
wo b@esstel or different netals at the sanme or dpET/E8MNE/013198

ngs. Anot her enbodi ment is an apparatus for the
shown fobP'@dé#C 2 #rDWEAG sStrgiaem frog a-Grhifeatkstogar. fldwdoweradamocess is

desianatd a0y AT [t RN el AR P o a red beo

hydroisoroerization aeéotosQ2hyAr@pmm4 1@ d %lﬂre‘éfﬂ & Xé rfy‘éirr0|soH1er|zatlon
onve rtlg portion of the 1-butene in

reactor 2? SQptains ggbmeég{ét LRytans, f205(pnoarts by weight 2-butene, 2-50
I t
parts by @%@m%?lﬁg@agﬁ%g}%ﬁ% r%ﬁ“%%%&%%h%%héﬁs by weight n-
butane amd 8¢t perdy walgd:ubbuterdlelse ctbneftoga.l peetsttsy weigmt dethd 160, In many
r0|somer|zat g{ofluent to forma 1-butene m xture

cases, b”é%gl 'BRE 2R &oer a“a? QPRI UdyArogen éfireamplt is fiegl directly to
the hydroistphetianRnaed cloy 2RUs E%‘ﬁwdblﬁgg withPQkd 2St5rf§ﬁﬁ13tream 20. In

conpri si ng 2- but ene. rol soneri zati ofl ca
the hydrowmaénomrgp@@eazat huh@ejmwdrelsdnm‘nzéhmto 2-butene using any

suitable hyBAGHOREREafith BRIV, Raiplas il Ceta st e metals (ca.
Pd) supp@@@@bdlahghmawﬂ(@ditl%stotth@ SR ?ﬁblu%‘ir?d’wpaﬂg éf&ecar} be used to

el atjon of one or nore of such steps thres -
modify th%éﬁﬁ?"'@ﬁ chasagieristics. akkpical scaetor plesspressaed-80 b‘aln@ and usually

510 bars SR AT T Lo R RS ARLAL Bh S E RS ety 120-100

Deg. F. BTlnefre@emrefﬂxIIérﬂn iPfstrelen Peavs fed kb %H%ls%b'u%émhzer tower 36.
hemati c drawi ng of a fi rst enbodi ment

Typical togqu[e@]{@rgtqr@%@m S0 30 legl.F Bhdursaiatly i190a16@ MmtA.c Typical

roactor ps AR g% AERRINY GRIDTE g atisclofs bt swtonaty

may be vpntear td :elﬁo\’ae:tekoe@é hoarafert frenCtheC S@AMSiSTord 'b%‘lﬂgffe"d to the
schemat | c dravxn ng of an enbodi ment in whic

de'SObUty%rB%ﬁreWéV%rt @ani e tBPo’ﬂtﬁ&fﬂ %drmrﬁéheaiﬁlsmtywer tower 36

contains I%Q}ﬁz’atl f grnﬁ@éﬂé%@n% %ﬁhh%ﬁ%tb%‘ (%glr $u %Hle\%}ﬂ%c% bytene. The
bottoms sirelaut éﬁe:osatauaammw aftied eelpgtend used as the feed

TS bR PHGEBHIENSS ol rresie |1r83{e$]ﬂ56|ﬂ?|2zbu1;e¢angh in the
deisobutyldizdMeelr SHTeS t#al)sP Lelfiort 27U LIt bpefére%fy i4'8"single catalyst
stage, is included at the upper end 37 of the deisobutylenizer tower 36. It is important
that the single catalyst stage be located within the section of high driving force for the
hydroisomerization reaction. Depending on the tower operation this typically is the upper
end 37 of the deisobutylenizer tower 36. A single catalyst stage is that quantity of
catalyst required to react the remaining 1-butene at that high driving force location within
the tower to an equilibrium mixture of 1-butene and 2-butene. The type of catalyst used
can be the same as, or different from, the catalyst used in the hydroisomerization reactor
22 and can be installed in one or more beds. The 2-butene formed in this
hydroisomerization reaction moves downwardly through the deisobutylenizer tower 36 -
and out in the bottoms stream 40. The embodiment of Fig. 1 converts more of the 1- .
butene originating in the C4 feed stream 12 into 2-butene than a conventional system
in which no catalyst section 41 is included in the deisobutylenizer tower 36.



10

15

20

25

30

Figure 6 is a graph showing the ratio of 1-butenes to
2-butenes in a deisobutyl enizer which is downstream

wo et s319i xed bed reactor. Figure 7 is a graphPGhUm'ong01319s
the driving force at varlous stages_in

Thoi ciBts)| saFber hhi PreferalRlynds ﬁae@oaeeataé| {he celevation in
deisobu b oL 30 i L | BEIASCLANIIRR SOUTR o rovimm

if no catalmtcaeioﬂea Hinweppinchides . Aryhicalyhivds fsafeartihaitay ofthe column. To

roved |elcf tenefromaC43treama
determlnect Qprtiate qayﬁthg\%g A apRaionA rinadqariedar system, the

int E\Xﬁ'ﬁ fqk
poinof XA SANTES R, LRl PSR (- Rned t ne
conditiongyoidrr vehichihetiactivnador is segtofcmecrate‘ érrhet deaectlon between 1-butene

hydroi soneri zat i o react hi These enbodi nent s
and 2-butghi¢ Fah BETRRIEHRLET BUPBHAIST FURym® Bibial Ditqass Bevi agbutene,
ke, is the re@ctioR kForBINGSB2BAdMK | & tHeOre%'cﬂHﬁ*R fbr BRNtoAPPpar at us

and process areshown for producing a 2-butene stream

froma C4kbﬁeed stream The overall process is

desi C4 feed stream which is
(1) de&%ﬁa%e% as 12 s fed to a fixed bed

hydr oi songpi zation reactor 22. A typical C4 feed

streamto the hydroi somerization reactor 22 contains

2-50 parts by weight 1-butene, 2-50 parts by wei ght

The rate éf ltélét %ﬁils I?hsegg #‘ﬂéé% th%%ﬁLeg%%éﬁrbaﬁg%gﬁ%% B%acgggp aﬁ%g, ratio

of the rea@tlan@S tth& e e ibgiim b@léfﬁdieﬂﬂﬁé isheyuaptcdhe@tibofol,, to kb2 The
ht being 100. In many cases, butadiene is no nor&
rate of th?r%aramapfémf Briyde dyeroisemerization from BlftedB2listect | v
to the hydroiso atio 2 or is conbined
with stream 12 {T‘g{%t(é)r mké ?Egﬁ%éz n the

Where [B} dndi[BRjrare #at inofe pe@ehtigeddbf 1Lbénennd 3- butene respectlvely
rized into 2-butene using any suita
The derl@éﬂQfgﬁ&BEﬁ'}q SRRVesHoR Al & i B2 cparks defingd ngwldmg both sides

by Ky, reg@gﬁ‘lbyﬁttﬁe%ﬁ)Mﬁ le netals (ca. Pd) supported on

|t|v s to the netals including Ag, Au, etc
can be used toDnmdgffgrthe[EB‘e]ae([BQﬂYKgpar acteristics.
and usual |y

. ,..Typi cal _.reactor re S 30 b
This dnwgﬁp#ogc%afla%tor 7P Yl QtE%.Ggfﬂé ?W‘Q?tont@ @F'HPUr'@sthQrf@Wer for a
prtcuar St B89 reristpbheh i e s ol g r e
side drawl@metloes Typi cal tower tenperatures are 80- 220 Deg. F

RNty S0 R bR e A B OT o 2
butene stfanh WRsth 2ECHREE@Ham in which a catalyst section is included in a
deisobutylenizer. In this embodiment, C5+ compounds are removed upstream from the
deisobutylenizer tower.  Furthermore, the production of butanes during the
hydroisomerization reaction is minimized by the use of multiple hydrogen feed streams
and/or the inclusion of small quantities of carbon monoxide in one or more of the
hydrogen streams. The inventors have surprisingly found that CO acts as an inhibitor
for the hydrogenation reactions of butenes to butanes while allowing the double bond -
hydroisomerization reactions to continue. By feeding the hydrogen or the hydrogen/CO
mixture at multiple locations along the length of a fixed bed reactor, butadiene in the

feed is hydrogenated to butenes while at the same time hydrogenation of butenes to
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may be vented to renove excess hydrogen fromthe
stream before being fed to the dei sobutyl eni zer tower
W@ 2006/TkB9t op stream 38 from the dei sobutyl eni ZzRCT/USNE6/013198
36 contains isobutylene and i sobutane, and s -
butanes is quammlzedeﬁ ipnoteddhipbine usePfoNg ArdRare ﬁ*ﬁ"eafﬁétcf)&}%“'“g H2 and

CO also c§{1 égg@seé%‘iﬂgte%t?ﬁ diffstHt sRbwhg cﬁﬁi’%éneln% ar@4f urt her

onerize the renaining 1 e’'to 2-butene in
The @s@h shbutnyihefigz2ris tesignaBel am 148t o ¥st fee@lcﬁreﬁmﬂ,wmlch is

whi ch f bl
designated e 1(duts 186 Dtk D BRd BB RSO BN ERISTHISACT 1 34-ofh Sigam 116
containing eﬁ’}f‘ﬁerr J%ﬁ I']y]dtro én'cfmé’hﬂf?tﬂ? bPaYdioBnE L Srbentmbliskide, is fed

oca ed wt esectlon of high drivin
directly to fthDE! hgdrfcmsombszm ceadort 22 ar ipeombiad wil Syé%?é‘ﬂdﬂ%gto form

stream 1287 Hyragen aes BB Sarymomongtie iy s Coany By HBFlG A the
reactor 12§ta?%esé(§)r¥dql%baﬂéﬁ%b'p?dx1ﬁlfatél haitival dieayttietbnigth béﬁtet reactor

remai ni ng 1-butene at t at high driving forc
122 s strelam:aﬂil oin thie hydroiseamerdrationtreagher é%@» I‘TW@W%‘MF QFSQ”?ﬁ”ZGd

into 2- butgget %grr]@gagrdegéztg ut ﬁ&e T$%r¢§% IQf3240f EQW slt24u%e?ietf%‘ a first

from e catal yst use

fractnonatnh@ té\K)Sr h30r aifeosRueAaEireamr E@@bgtnoﬁﬁllﬁn@y&mvb&ted to remove
alled in one or nore beds

he 2-but f i
excess hydﬁogemmfmesbﬁmg fed it rthe dist ff@ﬁtlgrﬁ%'ﬁ&‘g&gm&@lm?” ‘the first

throu h
fractionatigg o %& §p ﬁ%‘i’%%fmbg% n%?%m{)%?rfrfrﬁéﬁ@%q%c g‘ﬁr‘\%gbhgw and
C5+ compiingsire r@ioked Rigtissttoras irostredmn@4i rA hyérc(g@nfaeed catalyst bed
stream 12 into 2-butene than a conve
131, also kimvemane "guerd ed", swefegsmakesrenaaini %&@@%ﬁ#‘ﬂ@)rm bltenes.
The hydrBS%‘? @iéﬁgwseéﬁﬂoﬁO*ﬁ’eheeggremﬁhgaﬁnl%' Yééldﬁ%PtHr}@'ﬂoé‘eﬁ- from the

positio at t elevation |
hydroison§&iz@bhtin Ireactoer 2ower 36 at V\/m ch the 1-butene

concentration woul d be at f |
SEemIIaR 14 SEOTRAGSTIRD ot doRpRLEAPNFE tatver B T topgtream

f
138 fromyfiB gBlsch S -H Rw et eI %‘sﬁfﬁégﬁ*?%@“@?ﬂ@a*?ﬁa?%ﬁ”grsma"

quantltlegyﬁﬂ esatehbarpoR-huterie. mike otodrs streagnﬂdr(b@oﬁtamstth@ 2-butene.
ydroi soneri zation {eact on | i%?e erm ned

Above th@bfﬁ@ptpqwsln Jeebuienyzarfewer £L Is3 Ak g?%vée{t%ﬁ at the upper
end 137 %@ﬁ{egﬁésoﬂ_ |érﬁ£érttb%rk1%\’ﬁwméh M eorecanehtidnsftebetene is at

e represented by equation ( 1 ) where B 1lis
a maximurbut aoecatay st seéﬂdnmnsan'eqludeﬁ in the dhisobeidenizar kower 186. A

sty o e ook 403 GRS 3BrohhaorS ABeh tone

to form Z-bifehe! ML RRE AR A thOBatalyst Bectictata fptefefdlsly isitélected in the
same manner as in the embodiment of Fig. 1, i.e. the elevation at which the driving
force for the hydroisomerization reaction is a maximum if no hydroisomerization had
occurred. This is the elevation at which B1- (B2/Keq) is maximized.

Referring next to Figure 3, a process for producing propylene is shown in which
a fixed bed hydroisomerization reactor is used upstream from a DelB having a single
catalytic stage near the top of the tower. The system shown in Fig. 3 is designated as -
210. A C4 feed stream, which is designated as 212, is passed through a selective
hydrogenation unit 213 which hydrogenates butadiene in the presence of a
hydrogenation catalyst, producing a low-butadiene C4 feed stream 214. Stream 214
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of the reaction k's, the equilibriumcoefficient Keq
is equal to the ratio of kb 1 to kb2 ' The rate of the
waele@appaar ance of B 1 via hydroi sonerization fP@IYUBZO!l6/01319s
to B2 is: Rate = -kb 1[Bl] + kb2[B2] Where [Bl] q .
is fed to 4 B2&d bed hydeoisomerizetieareagies 222. 1H¥0eRE Iarﬁirezifﬁl% Srig fed

airectly toghe ogresorrizaionLetsih a0 IS e EMERSREEh Zhath form

stream 2%?r€%%6ﬁ RSondkidd @ptidhkn IQanlmﬂe&lanIhédnymogehBélti‘eam 216.

B2] /Keq. This driving tforce factor, canb | otted
Hydrogerearhdioptionailycilse 63rRarpmanexideecanhe injegeddn @&é’f@%ﬂi}%ﬁf ata

t em and I
socona EHEh AL SRS LoD %8 e ot brdatior 2
in streamPAtariPata ﬂulrrdaoé’atmnabheﬁwlbuds wbtte waysdlmthrfeolength of the
oducing a 2- buten streamfromaC4fee tre

reactor 24Pin BlraATEE A y¥muliple peints of fyeetiptyareuged. the vo ime'of the
hydrogen %&8@&% EQY@ mdd?)x du repbeds ws ea%@@%@i‘ﬂl@@é in order

ream romthe ei sobutyl eni zer tower.
that the oyl velumes ef hydregen adidd Odnnoindretharis nradssgry fecachieve the

desired roilt Bhe oeyan GO anieg e heagh s e it Eat Bfoints
is to redu?ﬁ%%sp J |b¥1'c§f5bLR£n§§‘1[ﬁ9fé R DS . | The BEvahtaiRr &f ie¢luding

ogen streans e i nventors have surpr|S|neg
carbon mopoRidietinatreBM =216 and/@R23hitd inhdoit hydrogaeation reactions while

ydr ogenati on reacfion of butenes to butanes while
allowing layqlr@wq'i@erﬂ?éloadeepﬁ RA&FS: soneri zati on reacti ons

WthCé"% dd”&%‘%dﬁﬁbf orh %?CB Wxé@%i}'ﬂ@ %ﬂ‘é@rﬁ”é b@ebydﬁ@m/@@ H2

m Xture "a Ip e |l ocations al on en th of a
preferablguaxe éhjbetddrat actingle mummmﬁmm Iﬁrom]g!e l@erOIS@menzatlon reactor.

i tis oAy GRS I8 S DB B Sh kB A B B e g

preferabl&zbeﬂ b@%.tahﬁj 4SOPREIIPE2 010495 Bnsd hesaBbasist avihiengnultiple
CO al so can be used in the enbodi nent shown in

injectionwérefisx!, as aradapigter inFHgs A@3d&H Iyd@qg\en ﬁrqfe@ablws, apportioned

at each g%%ﬁ!’ g)ﬁéaéte% gzmjlq:ﬁl]ger '%ygﬁ %%?qhéttpl f o Cgf kife catalyst in the

hydroisoMEHZatisA PBAdt8RTs iR A sstiveatatb2 2 heﬂraiibr@‘mld:(ﬁ-m at each point of
contai ning either just hydrogen, or a m xtu

injection ipyefecady, kitdot aepessaBdR |ﬂa|% same agat @ier(gt‘?f 9°'t”63 phipjection.
It is also E%(?%gfﬁsto ﬁ\)teocﬂ{\éo?ﬂ;ﬁ{ee&%%s 2tttk onfy GRIBEBRY ™ Split feed of

hydrogen and the inclusion of carbon monoxide can be used in any of the embodiments
of Figs. 1-4.

In the hydroisomerization reactor 222, 1-butene is hydroisomerized into 2-
butene. The reactor effluent stream 224 is combined with a metathesis recycle stream
2927 to form stream 226. The effluent stream 224 optionally may be vented to remove
excess hydrogen from the stream before being combined with the metathesis recycle
stream 227. Stream 226 is fed to a deisobutylenizer tower 236. Above the feed point
in deisobutylenizer tower 236, there is an elevation at the upper end 237 of the
deisobutylenizér tower 236 at which the concentrations of 1-butene is at a maximum if
no catalyst section is included. A catalytic section 241 which preferably is a single
catalyst stage is positioned at this location in order to hydroisomerize the remaining 1-

butene to 2-butene. The top stream 238 from the deisobutylenizer tower 236 contains
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stream 120. Hydrogen and/ or carbon nonoxi de optionally
al so can be injected into the reactor 122 at a second
WO omattinm approxi mately mdway al ong the | engtPCDTS200€013198
reactor. 122 is stream 121 . | n the hydroi sonerization
isobutylep@ g isabuiane, potdesvall quaniitisssehdrbuteaei and 2-butene. The

i L T e e

of streame?40 e ssstharBbo dakds ppt hiilishIbassayo eigit! 86d toreepfeierably
excess hydrogen before being fed to the first
less than r1z§)cP?6tﬁaE"?rn§“H'8WetPaSP§b on| weight, sincst bﬂtaﬁs@n%nata wpison for

metathesis??rf‘%tg ﬁ% 28%@&%@5%5( s PEFRY&th &‘ié’ gyl %ggggd n@eclisn 243.

s-are rem)ve
An ethylsrne daed k3rkand Zal;@drsog@nbtnanhwdhtmbylscbttdmd stxdm B form a

ard hydr ogenat es renai n
mefathe%f%@ﬁ@% oap %t‘&fﬁ'égs reria %ﬁ&é@ﬁn@@ihqw geactor 246,

in which trh%a@tb'u@éhé anB'RhAERE TRt 1Y bR ar ﬁ%ﬁ%g@glgwgﬂﬁ&eggérﬂ B48.

he hydrol sonerization in reactor t'ream
Tf‘@u bedgtiesis pr@@lmbtt m@amezmmmmnem @epylemeerbut@tes Hmel C5+

oty ST AR S o g Lo R paretor
250 and Gdapdmbies & the bproanst M kit 25e. The @Qt {®5Band heaVIer

stream 140 contains the 2-butene. Above the feed poi
hydrocarbensiare seamolecin metathesisrretgde streane 223 amd eresv:amtmmed with

stream 22% "ﬂgﬁ%ﬁﬁfﬁéﬁ end 137 of the dei sobutylenizer tower 136

‘concentration of 1-butene is at a nmaxi num

Figdrenpdegics & s{stsar31®fbrl oun@hgqtﬁé VIBnEM®m a C4 stream. ' AC4
dei sobut yl eni zer tower A cCatalyst section 141 is

feed Sfre@'@s|3t1|20ri%dp&$56td1|tboughaa| §ﬁ|elC6Veyhydj‘|Ogenet1®meunlt 313 which

{ Th t f
ryerogon i bR i 4L 6R8ehEe YDA A CUBNLL ek il gl
butadlenemﬁeéﬂisﬂeanﬂSM n At giregba dtreeii 3906 |§b§mb1ned with dth&am 314

evation at which the driving force for the

to form Strﬁ?m 323 onteana34bis fedde @ fored kedhydsaisamerization reactor 322 in

which 1- blﬂléﬂ%%?ﬁ/&%&l%?@ﬁl?ﬁd r;?tg DEEHHE R %H aagkr?atw%e 6?4;%\/6“ {3@2 and

maxi m zZe errin
316 can bEisgpaeatd)y mdm)dbeshydfunsomeudanmnﬂge@ftopﬁQEnG' heseffldennstream

32415 comlaed Wik 3 IR IIER OTIP SURaM 45 4o Ly ses e e tvich is fed
toa fractnoﬁhﬁﬂ& thWé‘rr %36‘ qh%%?ﬂt?ént%ﬂ%a%ﬁ‘ﬂ Rp@r% @y@égﬁbwﬂm V&gr}eﬂwove

esi gnated as ream
excess hydmgm'sﬁrgmnaﬂhedstmrﬂbéforesqum@sembmmcbwgh the set\eld siteam 327.

. hyd enat.| nit 213 which h enat es butadi ene in
In fractlonrt)tﬁ'égl;r g)gré%rmr@f cgmpounds are rem\éveg ?rom the top in stream 332 and
C5+ compounds are removed as bottoms in stream 334. A hydrogenation catalyst bed

331, also known as a "guard bed", hydrogenates remaining butadienes to form butenes.

Stream 332 is subsequently fed to a deisobutylenizer tower 336. Above the feed
point in deisobutylenizer tower 336, there is an elevation at the upper end 337 of the
deisobutylenizer tower 336 at which the concentrations of 1-butene is at a maximum if
no catalyst section is included. A catalytic section 341 which preferably is a single -
catalyst bed is positioned at this location in order to hydroisomerize 1-butene to 2-
butene. The top stream 338 from the deisobutylenizer tower 33§ contains isobutylene

and isobutane, and small quantities of 1-butene and 2-butene. The bottoms stream
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hydr ogenati on catal yst, producing a | ow butadi ene ¢4
feed stream 214. Stream 214is fed to a fixed bed
whgasoiseneri zation reactor 222. Hydrogen in sPCEHEN0Bd/613198
rect to the hydroisonerization reactor 222

340 Conté)'?‘sft@e(j 83}%?% tKF?'W 340 eitianzdly is Bumfdﬁdﬂnsweeamr@%guard beds
343. An @?ﬁﬁ@ﬁe%@@ F@%nﬁ’@hb‘?@@éhﬁgp elcdo{r/@ﬁltng%%§8% ﬁSﬂ% 385% form

stream 2 rogen an
a metathﬁ@lawﬁad@ré@afd biecamj 2. €this strebm enteed e AdPatfbsid reactor 346,
roximately one third of the way

in which ﬁle 28}%&%@(:%@'5}0 H?]g?uetrﬁ@ctrt@afe @ esathesis pr@gﬁppgqe@m&%
THe n@etbhﬁééﬂs'pﬂ%éhbf’@tr@gﬁ’\um V&)r{tgfn"sdé ogf%léj% BY?tf)énglsoé}% C5+

the length of the reactor In st
hydrocarbons i I)h@ pp@myleee m‘sepqretadl fooméaneheaeidr hidecudansEin@Eparator

350 and; [1° HELR5As e PRAN FFerBertBhar i bvEPapnd. heavier
hydrocarM@héJaﬁe @cybbé‘éﬂﬁ@ﬁétaﬁl&r&@c&éle%@re’éﬁ‘i 3%7 BAR drs CBF?\%M% the

to achievée the desired result. The advantage o
debUtanlé@ﬂfeﬁﬂlfﬁyﬂtﬂi@e&m@r%gerstnemm%ao di fferent feed points

s JERESE i shobunis Tnfeteeler
embodininteefFigd. 161 ansliefor2slightly i Gwe b iidrsBRUra9e ild PButene to

reactions while allow ng hydroisonerization reactions
2- butenett@ berusiesda. thWﬁ‘é’ﬁrcﬂs@mﬁgl%thrhfe@@wrom&ﬁ%ﬁ renu{mg if2d [EWver rate

of conve?%l{)ﬁatg‘f’ b élr?‘eesd'tottﬂﬁ%g% %ﬁ@ &g%ﬁ%}g Ry glitf(gﬁ the

sngepont

deisobutyleaizenreslitinghh % [gRer ratdef @dymd'@pfo@dcﬂoh %rbﬁb%ﬁ rEquan’nty
%and 3 %on _a nolar basis, nore preferably 0

of C4 fﬁeﬁdé dheampipgtn whi el lybtepe- isp siillygonvertedl iar th&wﬁned bed

d t
nycrosofP82af LLgber (BRI BRI 2B BLAL
Tfmnherﬁt&aﬂlsmlrmtulatﬂv asafalfoeprozeshingateanherdcrbat4 ‘éﬁbdﬂ‘% and
t he cat al in the hydroi sonerization reactor is

refinery 86 aheanssi ve )é(tl%ftl'b' Srfﬁémr sfackesfCéclreams eentair@ppreciable
quanh’ue@ﬁl' tSUtaern'erE fh'e?é‘fop ﬁsfc@rr%%é'i snBH f%osteéégﬁ%%ﬁ\%%éehatlon unit

sane as ikile
to converattsombgity bf thd Mtbdmedoet)uménééwpﬁtém@ tis® Ay @iolsMédization

reactor. HENRTE0H RERBRIBAAA I8¢ BIaHane soiont thatcan be processed
within th&%@ls’ﬁ%@z&% I -and tﬁu%h@h@@n Bygrs%'l Ha/ﬁgéée%tlon unit

r eact ut éne I Ol SOMmeri ze

is not requiteshel hdlieclusiant of aeﬂrécttmlatorsupﬁm@%nﬁﬂ@d‘els@bdtylemzer
tream 227 to form stream

a ne iS rec cle
provides %énefﬁm«aﬁ PEBH?\%N %&ﬁl'éiﬁafo%tpbm pystaayalpagwth the C4s.
Refinery (04 'TSFBAAs often contain heavier sulfur compounds including dimethyl
disulfide (DMDS) and diethyl disuifide (DEDS), both of which can be removed by a first

fractionating tower, as is shown in Figs. 2 and 4.

EXAMPLES

The examples show various processing options for a single C4 feed stream
having the composition shown below on Table 1. This stream typically is generated -
from a steam cracker C4 stream. Alternately, the C4 sfream could be froman FCC unit

or could be a mixture of the two.
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excess hydrogen fromthe stream before being conbi ned
wWth the netathesis recycle stream 227. Stream 226 i s
wo edotision dei sobut yl eni zer tower 236. Above t heCT/E82006/013198
poi nt Atthd@i sobutyl eni zer tower 236, there is an
el eval’iom at the upper end 237 of the dei sobut yl eni zer
C4omeip F2&6 at which the cpncentrations of 1-butene is
Feed Ratedt a maxi nMighi f n@gg@t alyst section is included. A
Molecular WaERI YTTC $ectionjsggL wWh| ch preferably is a single

catal'ySt stage is{positipned at this location'in order
Hydrogen LTS nyu‘: O SOMETT ,‘,Eo?odc f i ni ng 1- but ene to 2- but ene.
Mothane _TTC_t OP—St1eam Loﬁmr ot he dei sobutyl eni zer tower 236
Propylons cont ? :s s;b:.:'t ﬁl E,Q':é and—i sobut ane, and snal |

sl EaYal 1 L s (a) -
Propsne_y s oarm 240 cont ai Béswast] of 1he 5. but ene. Pt ef er abl

st-ream-240{ cont . Y,
13 Butadienene hit adi bne conPdat of| stream 240 is | ess than 50

1-Butene narts per millionthéked jon wei ght, and nmore preferably
Cis-2-Buterleess than {10 part86@er nillion based on wei ght, since
Trans-2-butpngt adi ene | s a pofsenh for netathesis catal ysts. Stream
Isobutylene240 optionally ispgpwifijed in one or nore guard beds
Isobutane 243. An et hyl ene pged stiream 242 is conbined with the
n-Butane bottons st|eam 24@480 form a netathesis reactor feed
n-Pentane St ream 244 This gphgeamienters the netathesis reactor
Total 246, 1 n whjch thejdopui gne and ethyl ene react to form
a nmetathesIs product stream 248. The netat hesi s

rodyct stream 248 contains propyl ene, butenes and C5+
Tf?ﬁ/@ thaneds gelubte matpaps frepran ypsispamasdertivediidrogenation unit

' ' (. S, renoved
where hEUEENBIIEBEN 5,5 RERSEARAILES A REHTY B per
million bawsetl onavdighty iartke feeg ¢b eidOONppraainhieel sfflleay abivgSa hgaMgen

.are conbined with stream 224 in stream 326

27 an .
stream té?blﬁ%‘g@i”ae?ﬁ"@?sqaa%@t emmetans: o dudesyltpploplye estective
hydrogerfatief A f Bl i P2 i
yioger I Qo AL A o SERSSAIAL RRRgHe s 11,09
%. Thishyesuigeimtae 2-butendi &mel-butenkee ratice o§r@.290f This is far from the
hvdroi hédro enat i OE cat alé t, rﬁduci ng a | owbut adi ene C4
ydrolsoigHAauqn (SaHIHauUmA T fmr 686 espPalnRl3 hygreisomeratied reactor
t ' me3 f i ibHD-BaRreNol £
mperah B 9 TS 4 K8 0, 144 B9, 8099 S8l Fileno
Is 21.6. 1-butene is hydroisonerized into 2-butene. As an

I native, streans 314 and 316 can be separately fed
TrEg B8R S ar T Paaplas st pf § Baktura o1 6 Wi hydrogen
and 5 wt.9%A8thades with £ AEeOQdr Weldhtdf Pe{ fit hesi s recycle
stream 327 to form stream 326, ich is fed

In the fixed bed hydroisomerization reactor, the 1-butene is reacted to form 2-

butene and the remaining butadiene is hydrogenated to 1-butene. There is also
reaction of the 1-butene in the feed (and/or 1-butene formed from butadiene) to n-
butane. The selectivity is defined as that portion of the 1-butene converted that is
converted to n-butane. In this particular example, the equilibrium mixture of 1-butene
and 2-butene would result in the conversion of 84.9% of the 1-butene. Note that
complete conversion can not be obtained in a single step due to the limitation of .
equilibrium.

Figure 5 shows the conversion/selectivity for reaction of a C4 stream over a -

hydroisomerization reactor containing a supported Pd catalyst. Figure 5 shows the
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to afractionating tower 330. The effluent stream 324
optionally may be vented to renove excess hydrogen
wo c@ailtdiel st ream bef ore being conbi ned wi t h t heCT/E82006/€13198

periormangeeviaiebd A5 BHPC (g GEMISREA TS ImRIovaITent Which can
result fronﬁ@%’%@%? Sh&l ggtgg?ﬂ;?/ésj% 3@539%@@%9%%& rilﬂ@&ﬂe%% mbitiple feed

ogenat| on known as a
points in tHegwairdisbettrizatipd reqeont\Whenensinglerydeg endlingotiontpoirtds used

e 101 T bR ET bab G rtens s 6%

with a seleﬁii\ﬁgbfd} WIRAEES of BoreL. 3S8lectifte) & bitade Bl @fMiddasahe total
the upper end 337 of the deisobutyl enizer tower 336 at

butane pradhics ditided iyt fateomsonieried AedesaribegiabpVeasinderformal
conationd, bulfos B eh SRE 8Pl B ThE By s S Bk fmerged o >

butene. WheRO¥d hhedealCOREEdS @Falused, tie aitdasf reaction is suppressed
hydr oi soneri ze 1-butene to 2- butene. The top stream

slightly agdsthie oselesliviyeite obutapieens zeaduceder 836/ dht & ns 4.5 ft. ID
. __isobutvyl ene.,and | a a [ ti 44 :
nyarorsortSigRHEH. PR ohPERL BfreEBRRE &, B 382 omeroion
improves t6¢9% Qitheg8.% Seleaintp4® nopitepsalHor the feedstbeledhownaarad for

or nore (}g]uard beds 343. An ethyl ene feed streag1 342 is
the tempeyetrerefdhsi rercidRethisoeadlirivm edmesaiontyithgphiydrogenation to

. L(Zesi s reactor feed stream 344. This streamenters
butane) 'ﬁnﬁjé‘% t at hesi s reactor 346, in which the 2-butene and

It it hipenent eactefine tr mprepertaddtiesi sompiival wetalyst stage in the

348. The netat hesis product stream 348 tal
deisobutyjgnipgi. dhe, loa@w@hewgrr%@lwﬁhﬁm%é?rfaawg?uong fV?H}S%WP%F@ the
. . r t i . I . i "
nyoisort SRR P55 S DElGRE SRS B RIS e compeior
profiles o35he BveerCdsingSa dixddhised ianly Hpdraatalysbstage & teeydel®]. The

CompOSORTBLIRRET 5 PO GR! FOBIRELRD R ABRIS h SSHREMH T GoLre 6. As
can be se}%}‘lﬁsf'ggﬁﬁﬁ'o‘?!?hé?fto@els;'ttﬂglrgtrig?é BEMH eéhﬁiﬂﬁuhﬂinﬁ'ilti%dtfing potential

eni zer in odinents of Fig

favorablealdagtionfafr1-butdriegtut 2ybutener Thisnisethsi resulsfoftthe 2-batene being
1- butene to 2-bu

. b d in.th
fr aCtionatﬁQoﬁV&S@ééﬂgﬂ‘Q‘é{FQg&ﬂ?eeég{tsg’, g‘?’ﬁ'gplé)gﬁ"? z%‘ﬁ?rf‘i ng in a
Fsg#lgr\gﬁf tsfh%Ws e %ﬂomgfﬁir@é?’ 8§ daihenenst e eagssn, the potential

nore butenes exit fromthe dei sobutél eni zer,

locations festhet catglyishstagei ayhdretwaes sages 8ayide? withdba@ntigraliegation
at stag G 1o M0 Wil P bl Bl viOFHIB it B Becstoak anc
fractiona'alf%?I B)Etéf’agt ddoi?fgﬁtzdﬁg. gﬁg%ﬂg\fé?fde%ﬁéa eivst thBadcatidr béeat or near
the point of optimal driving force with preferred locations having driving forces at least
85% of the maximum, and more preferably 90% of the maximum, as defined by the
composition profile without a catalyst stage in the DelB. Typically, at least 50% of the
1-butene conversion occurs in the fixed bed reactor and the remaining conversion
occurs over the second hydroisomerization catalyst.
Example 1 (Comparative) - Conventional CD-DelB Tower

A sophisticated computerized simulation was run in which feed streams having
the composition shown above were sent to three different conventional CD DelB

towers. A total of 10109 Ib/hr of 1-butene is in the feed. In addition there is 22235 Ib/hr
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The invention is particularly useful for processing
stream cracker C4 streans and refinery C4 streans.
W(Tytmmmlby steam cracker C4 streans contain PCT/US2006/013198
preci abl e quantities of butadiene and therefore
of 2- butern@qand e litnt/is b hutsdienss el ke firsteowgdr Ggerattiforcansisted of 94

i 4EES AP PSS P o BT LRSSk AL g 2350

b of catalpét imtACRARFE JF @é%lﬁlddﬁéﬁ lletibAdtraBRIrES) Wﬁ%trebf&bnﬁsﬁéb ximately
rocessed within the hydroi sonerization unit, t hus

space veloityuaf 8r dreightseatalyst per meighbigehdt butenenied iOSth@otower The

oiance Ry R R g v
added belmlat/r)e catabysit beds bhdbelont e febe te yepsitied ﬁétﬁnr\@dtﬂydfrdi@enatlon

f tain h | fu
of butadicRsn st D IOTRG ALY TBEACPNEoWBBayves 18, consisted

of 129 ecﬁjllﬂirﬁ%fﬁ s@é@éﬁ Hhd Rali BERRLX rQ% It 9ff5 Y\‘%‘fIEQ t&{;\ﬁ%‘edﬁ)ﬁ ‘I'lf_kfé;gg&gonal

rst fractionating tower,

35 stageahelpfed ﬂé)@d\mdaﬁsb@tter seqmratles "ﬁhlewowar |am:nsccmtatrm23@1 Ib of
t ream havi ng

catalyst w&%ﬁéggt? u%HSI ngll&q tﬁpggg gg eetower W@,sgmgg ,\Agt@,ﬁlgh efficiency
fractlonatkld’rfgrégigthél 'yﬁycﬁl%géﬁ %és?s??(gg?ndq}% SPES@%? ﬁ'éd g&?%&?ﬁﬂon of
butadieneand dhutepe hydnoizomedzatfon. hEhe thord tARIdD, desTgveatEEltd?oéTrmNer 1C,

consisted T REAHRE IR U6 SHERRSRRE SIS et e

The hightedefied iflREvEP IFR6bABLEH )bu45re99998prﬁ‘i‘8ré Rﬁﬂlﬂés R?ébolhng and
mllion based on weight) in the feed to

condensipgedity).| Gbin tmern@IS@ rodiaderth 2356dath tdﬂatatakyst am rQD42 ft® of

f th | t
srvcroSSTRBBILALY LRy, GO A RS ton
packing. Hydirtt)@@n Wd%técﬁj’éﬁ ﬂo%uibbl)ﬁt%e%q%rea Wy@rddﬂaﬂﬁtbﬁ dfrbu@er]dlene and

butene to 1-butene ratio of 2. This is far
1- buteneﬂﬁb{érqi%mr@aﬂerm zation equilibri um ratio at the

In %@B ﬁ%llB%\%%Bbﬁﬂg‘ﬁhérzgllt,ﬁg&él&ﬁgﬁ{vﬁ gﬁ\%g@?@%{gﬁzg{loﬁ 8roceed
in paralleR- @weeaemutilpbcbylbée’@gles thel1 butdhe r@é(@téqgﬁfﬁrrh'%%méhe while
es consists of a mxture of 95 wt

smultanewa}v&ﬁg?éﬁ@n@ m@ve&ﬁéqmm%ﬁﬁié)yfmthr@tlﬁma@@ldhaﬂ -hwdegamoves
upward b9ffra?ct|%n%’uon. Thus, as the mixture moves upward through the tower, the

reaction mixture is continually moving away from equilbrium by fractionation and toward
equilibrium via reaction. In order to achieve high conversion, a multiplicity of reaction
stages are required to match the multiplicity of fractionation stages. This results in a
large amount of catalyst. This sequence occurs in all three towers.

In all of the three towers, the feedstock is as shown in Table 1. There is a
considerable amount of 1-butene and butadiene in the feed. It is the objective of the
design to produce a bottoms stream containing a high fraction of 2-butene and minimal
amount of butadiene. As discussed above, the 1-butene tends to rise in the tower and
fhe butadiene tends to move lower. This impacts the performance of the tower in that 3
fractionation conditions must be varied to achieve a mixture with low butadiene.

As is shown on Table 2, in Tower 1A there was insufficient fractionation to

achieve a high recovery of n-butenes in the bottoms as desired for a metathesis
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In the fixed bed hydroi sonerization reactor, the
1-butene is reacted to form 2- butene and the
Wo ewvsilmiiny but adi ene is hydrogenated to 1-but ePeT/USIve6/e13198

is also reaction of the 1-butepe in the, fee and/,or
process. Singaiherigef dp HR)taWesn® Hﬂf%%&éﬁetoe{%%@%n@dd “ﬁ(% gAlead to be
i | @6LEYhEYD! ' t i 8 itn /
eressed 5, i/ pipaid DEiBckRianoitue et (80 bbbt
hydroisomeizbtioncatalgstaihisewas hequitad 10 fedugenthebutadiene in the effluent

o 10 o S o e PSR OB s o
overhead.f ﬁ@"que%oQ/%rf AhPh. 108 Hhhaifeed as-Busérl f Beepotiv@stwhen

Imtation of equilibrium Figure 5 shows the
meeting aclomv butsidieries Evet in e pottomsr ragtichn Significam 2shyteamwas lost

over. a hydroi soner,i zat,i on reacto i:ni.ng
overnead e 08 oR TR R gL S S BB e, pusned
overhead }él'%?até?@?ﬁo@n%ﬂ@cﬁo@@ﬁﬁidw@émg redtdg dnd Higteer selectivity to
[

Tprovement which can result fromthe use of snall
butane. Tdusist indesirage.CO wi th hydrogen injected at nultiple

eed [ i r.oj ' [
in Ui B mseBat AR QABES P BaRG g R eg 143 yo s R4 were
used to imprévérédoverP Tikidreco@ig creddeaitor®aes. of histapdion required more
conversion to 1-butene is 65% wth a selectivity to
capital coat iptherfecirngtiondpwet| ectivity to butane is defined as
th t al t e lYY 1 :
Toygh 1 ETbRd PR E PR R A CR s il iR, ahigher
reflux ratié @ diverauts4 . shulaneseds This imgsroseditihe eetovesy 1o 83.80hetHowever,

_ _ 1-butene is hydroisonerized to 2- bytepe. ﬁ%? t WO
this optiomyeeeiges mver earital £pg! due o theBigher g_r € i 48 fouHe jeeded a
rser onLSREBERAL LR e @l SRS ek erbchens e niher

reboiler ahdaoihdeneentiaii¢s.ng nore catal yst is used and the
conversion inproves to 79%with 5.4 %selectivity to
n- but ane. For the feedstock shown and for the
tenperature of the reactor, the equilibriumconversion
(wi t hout hydrogenation to butane) is 84.9 % It is
i nportant to define the proper |ocation for the
catal yst stage in the dei sobutylenizer. The | ocation
preferably is the point of maxi mumdriving force for
t he hydroi soneri zation reaction. This location is
defined by considering the conposition profiles of the
tower using a fixed bed only (no catal yst stage in the
Del B). The conposition profile over the DelB for
Conparative Exanple 1 is shown in Figure 6. As
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equi libriumindicating potenti al
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This is the result of tPEI/US2006/013198
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Example 2

A sophisticated computerized simulation was run in which a feed stream having

the same composition of the feed streams used in Comparative Example 1 was sent .
toa 10 ft L X 4.5 ft ID fixed bed hydroisomerization unit. Following the fixed bed, the -

effluent flowed to a fractionation tower to separate the isobutylene and isobutane from *

the 2-butene and n-butane. No catalyst is employed in the fractionating tower. The
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consisted of 94 equilibriumstages and operated at a
reflux ratio of 6.20 (reflux to feed). The higher
wo edoba3ipnpr oved fractionation but required noPEI/US2006/013198

tower ong th Tahed Cossied i uf PREFRRCAR R INn Eplut At or 4.5
The SImﬂét@@CFéércﬁﬁ wade hedansewith 4 Baglonpdropen el (B8 0OV Bnd had

h efficiency fractionation packl ng. Hydrogen was
6.7% 1- bamsawrsu@pjlays shovn dybigued Shy dhegebaileroandcondenser duties

were ool R 8 GeSEr SRR SN ) FOCBHAGAHE E g g snce ey

are set byyeoicFRIetivat THE ppbesRe bdultepanad |68% @rekrdon of 1-butene
mul tip |ICIté of stages, the 1-butene reacts to form 2-

(Compar@tuteeﬁéamlqe )-sT heresihisargishoneon Tebiede Thewaerall recovery of
nomal beRHRTA b b AL BT B0 s BHRARE PRYRR g normal

butenes is p)Ma_ncubst der bbglteridin theveerhéde dueaotthe lowdx1 Wiene conversion

using a ffaeLied BRASTATArNS ?ﬁ%@%@ﬁﬁ%rﬂhﬁa%&hmm (PBnDelleunder
the sameSt&&loraRioA Yo s b EPIMLSH; §b8p2 t@tﬁh‘%%nellb el i b(Hte{\e and

reaction stages are requi red
butadienetohtea tof dine féexhtosthedesctioRatisnrtewel restlting froat ¢&s conversion

in the fixe e tedttnf af s SR ORRANGR B HRSRSS BRIVRE isuRRHRERARGS of the
prior art f&éd%&"ﬁlu‘sﬁré‘iﬁf‘é‘n%hém tREF %ﬁﬁémfa con5| der abl e amount  of

but ene and but adli ene I n is the ,
ExampsletMe- d}ata_lyet &aggrﬂd@e@rtod@mdommh ; SimglanFeed of

L Nj h f 2-but d i mal
Hydrogerb iR by dilecinblirai R eafius sed above. 1 il
Thb‘?ﬂ@éeéi@rer éﬁ?oMBaFé?ﬁ/et%ﬁ REwh ‘?eﬁ_a bR htﬁeé%%pfiSn that

nmove | ower. his i mpact s t e per nce o
a smgle qatalvwatttagems @cmaad pearcthediopi afribe fastiobatioativesr, tbstage 18.

T resu B8 XS PSR IR DB e oIS oRT o0 3%

(Compard4tfvec Ekanmle QN tb ®7aTHEE K HIE BN ). €GPNAS Yox@mple PIHERES bed

in the bottoms as desired for a nmetathesi sprocess.
hydroisonegfigatiam ecacded usingt s singbaviydregam fasct (@t nor@oo\mshezaed to

convert oB5ORHE FBbER3E 4Ryl ARCREHeS EBwigS o has B2S e
feedstockmiit@iessursidtéabl 952 tay Ablitent) Q@W@%/ﬁ?gubut%ﬂet é’nd 1 21b/hr
reduce the butadiene in the effluent to 10

butadieng. h,ByHngagoralies Resinglpresialyst stages, atsﬁh@rwrbupeamcaronutv@me the
tower, antB8chEHl WA o o LERRY H LeTERER, Sl Pight S oran
conversiobub&di%nEuttheglgiven thbeohfidsitich of thd YeédstStRBhidrF@the tower,
there are ?avoréglg?ramc?tl%nlatlon conditions that result in high recovery (97.96%) of total
normal butenes without having to utilize additional fractionation trays or higher reflux.

Example 2B - Catalyst Stage Added to Deisobutylenizer; Split Feed of Hydrogen
and CO used in Hydroisomerization Reactor |

The procedure of Example 2A was repeated with the exception that a combined
feed of hydrogen and CO was added at two different locations along the length of the 3
hydroisomerization reactor, and the simulated reactor was a fixed bed using two )
hydrogen/CO feeds to realize 79% conversion in the fixed bed with 5.4% 1-butehe

saturation. This is Example 2B. The results are shown on Table 3 below.
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overhead. It is also inportant to note that when the
but adi ene nust be pushed overhead a greater anmount of
e y(d)ﬁbyﬁﬂatml Qq occurs resulting in a higher seP&UB006/§13198
S ""'il"d”ﬁht Ane 5 P ndesirable. In Tower 1B, an
i ncreased nunber g_fa%ﬂ ct| onatl on stages (129 ver sus
Were used to I nproye recoyer Y. g T EeCt OVE
Example NUboated To e 3 b ol e natsdo CRmE edl ot S ani a1 26
cost in the fractionatyon towdr. Tower 1€ used
H, PP top EfTUXTO T nprove fractjonatron per r_c_ngjnjzn ,ER@ !Ju 299105

Reflux Ratdhi s i nproved the reco eflly/ht o 2vd0000bi § 400000

Total Feedd¥ajeln T oqu! red T _~_ > 88089 | "BeeidY ss689
% Feed n- Bu’retriesrln Bdtboremergy re : ergm% tq tIR8.2

[-Butylene [ §BREmEDO! ] €F and copds 5 A

1,3 Butadi%ﬂé é‘eBOﬁt)méSam haV| ng t orrpd§)| ti on of 10he f

1-Butene i Digfligke used 1 n Conpar E”Pb?O@S wap sefgqtoja g
I.t ‘.L ./\ W Ul SUTTCT T £ "lLI \WAN| Uttt t .

2-Butenes i DigillgiR) t he fixed be flubhf 11 pwedi2D a 99

1-Butene ift BRffong1at i on tower to]
btrtate o thie—2=1

-SoDut =
2-Butenes in BoHOMY ed in the frat
1,3 Butadiérsé Donvegsibhe tixed be jted oby4 theorepicall gg

LI pxX T The sy o ated

Overaﬁgﬁ}?gﬁs%jég‘ gel[ﬁpbé wit h sinale hydrogen feed

1-Butene ifno CO and had 6. 7% 1 bubmme]lsatwmg on| as1@topan |i M0109
gure o. Ine reporrer

F gut fes
‘1‘BUtene %glli valent to those of LCHETNS] H 561 A (ngg ar A@G
1-Butene Crargebionl since they a th65r ef | gx rgtli o. {Theo4

n-Butane Ily})rocess resurt ed Iin a LSJQJ& er ;E 43{}{30 12174
n-Butane o‘[abl e 3. The overall r f tedhdhl put €246 12641

Selectivity g naSuEhe @M uatigh) eNel eV P ghe Princi pal | eedo

O h i'Ar\L L

thpmsob tylggge and 407
bal (J.I y33L1\356

T Vﬁ rw‘u

Fixed@eﬁ Rrdigt Gigenpositioe | oyer 1-b &ene convelsion usi b 5\,
1 3- Butadld ed bed reactor only C%eﬁéfm'f’ hq/%ﬁ 13 ppm

FH=grer—tran—trhe—Ctb-eH ST T act i orratt

Isobutane condi ti ons due to the buQ@rf@ and | 8aeérb 28.56
Isobutylend” Put ene and but adi eﬁ_éT i' yg the | 1g.72
Fractromatromrtoner—rey o O tHE Ccyhnver SI_of]
1Butene the fixed bed reactaor Iliﬁf%oe f or%ﬁce 2.36
> Butenes’ epresentative of the perfprnehce mfgthe| 309 34.54
n-butane wi% 14.52 14.52 14.52
1-Butene Conversion (FB only) % 66 66 80

Catalyst
Catalyst Amount (Fixed Bed Plus Ib 8160 14055.3 || 181354
Tower)
Catalyst Volume (Fixed Bed) ft3 160 160 240
Catalyst Volume in Tower (Structure) ft3 -~ 510.4 510.4

Examples 2A and 2B show improved performance compared to catalytic distillation.
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prior art fixed bed plus fractionation tower system
Exanpl e 2A - Catal yst Stage Added to Dei sobutyl eni zer;
weewghesibeed of Hydrogen used in Hydroi someri zBET/082006/013198
React or The procedure of Conparative Exanple 2 was
(CD-DelB} épwgt dd af Geromaradiyedptaraplet handathe fingck bedteanyentional tower

sysom (GBS EAUAHSAY SRS AR 4y DPRHTR, ey

fractionativmeopitieds oFunthbutcemaﬁared tbhﬁelmDID)éIB fdﬁzﬁﬁh/%@v@l‘%ﬁnes are much

le 2 97. 96%
lower. The RPETGIGRES TREascedhe e o PEGHe N EXamiRbh 2B0 HOms7.96%
(Example 9A) BY adeslyPst t%ehﬁ\g/%ggﬁ%‘teg %?Byfe?‘%g 8- m)ap@jgnﬂﬁﬁgd Blectivity).

convert 66% of t ene but enée
While thisnExamateyequited ownegcatatyst ithan Bexmpleh@Af eﬁﬂﬁt@xé?nple 2A and

cramolo T3040 SOREHER B e e 2 58 e cas o
ComparativB EXap@siati. Wh@f&é@%‘e@ é%ﬁ‘:bﬁ%g@ﬁeéﬁl‘?@ﬁu o#t@%ﬂd@@ﬁ&me{lzatlon

| ocation within the tower naddltlona
reaction. Whesu wsiag two hydvegerd@O fidds indhs dized hedovies abhversion was 79%

ot o TR S35, 56 I S0 WSS o sco
there had be@s ke Qﬁtbﬂ%fmﬁgtéd@ﬁénﬁﬂ%télﬁswﬂwe'th}é'r%hoW@%‘?raﬁdltlonal

(97. 96 of total normal butenes w thout havin
reaction inythe ¢atalystigectional THataeartionarfitbe t- bajﬂne)redmtgjmeproceeded with

minimal h){ﬂi&éé’lﬁau II:'\X%E@) g@, pﬁ)\(qraﬁgé%cgy y_.&e é%g%ggago 49%sed

As ¢am w@égn SPBRISEZE SRgReabREt JtAgehh ﬂ@@aérs%batylémggpﬂe%ults in

vvasrepeated w th the exception that a conbine

higher n- bwf@@é r@ﬁomﬁ@%m%ﬁasmmga fa@aiet@ecaonb«/folldweﬂéw@conventlonal
DelB towe?o‘?ﬁta'll%e@dﬂ?%cég e yfo?ég%l?%ﬁ%ge;ao gﬁ%é%% ar than for

tor 87 S|
Compara’uue iExantpie 1hyidveogsint EOniB@dant Bydrotorde iZRorcemMs %r%@ makes
n.the fixed bed with 5.4% 1-butene saturation. This

maximum PE“Z@&'QHﬁ?féhQBmgﬁhé"aF@%ﬂI&@tlﬁﬁe shown on Table 3
In sQﬂr?nghtatﬁbCCJrﬂghﬁ (?%%)é?o Ca?rg%ﬁﬁaéci%n%? on IO it ¥)ﬁqheoretical

trays and re‘ilmt faltioat 4 i) afé:aa@ahm) Tables fokAh@taSe WA pie Hotadehe in the
1 and the fixed bed conventional tower system

bottoms : ' cynpar at i ve Exanpl e 2). The recovery-is significantly
hi gher at equi val ent fr-pggé%qnatl on conditions.
Further, conpared to the Del B, catal yst volunes are

much | ower. The split H2/CO case increases the
\\\\\\ +0-982%(Exanple2B) from 97 96%

| C\J\JVCI y

Case Comp. Ex. 2 Comp Ex. 1A Ex. 2B

Fixed bed only CD DelB Fixed bed with split
H,/CO feeds and 1
catalyst section in DelB

N-Butene Recovery | 90.33 76.10 98.2
S o m e|Can improve to | Some increase possible

improvement|93 % w it h | with stages and reflux |.

possible with | increased stages | but diminishing returns
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35

(Exanple 2A) as a result of the | ower |osses of
butenes to n-butane (inproved selectivity). Wiile this
wE@aplaor equi res nore catal yst than Exanpl e 2PCT/D81006/013198

Exanple 2A -and Exanple 2B require substantially | ower
cat al yst | quaeasad sgeksan(3Graofd)-dpetfRicases of

Conparat | ve anple 1. [T i xed bed agconplished the
bul -k of ﬁﬂd%,jgﬁ%mn&%")p @PEdact i oh__\When usi ng
two hydrogen/ CO feeds in the fixed bed, the conversion

As Wit belRIpabnitolpdrenes sialeg i thet art, Mfaroud %r tid18bsVagiRlosed and
st stage increased the conversion since there

t al
Otherfeatugéﬂgﬁ%&n%i@par%rtalf@ﬁn@ﬁ\(egtbate@ienav@mo@sﬁrabé/r@mtnineﬁénto many
other diﬁegéeﬁé{f%ygﬁé%$&¢9%ﬁaﬁaﬂgf Fhftﬂ%lrr?rogﬁf\téq!{ nqsgg{:qtgrémlglaﬁrﬁlo}{é‘:’steen or

'on-o
unanticipatedoattertedives t modifidationshyweriagengtdroimsiadehtdiss ttherein may be

veral |l selectivity is decreased to 4.9% As can be
Subsequefg'é(éﬂ?d% R¥ thase %J‘f'“%ly igithg st whichiafe @lsa iatendedl torke encompassed
j | eni zer results in higher n-butene recovery -
bythefom?ﬁgﬁggﬂg%éases wth a fixed bed only followed by a
conventional DelB tower. In all cases, the catal yst
costs for the fixed bed options are | ower than for
Conparative Exanple 1. The point of maxi mum
hydr oi sonmeri zation driving force nmakes nmaxi num
utilization of the single catalyst section. In
summary, the conparisons at the sane fractionation
conditions (94 theoretical trays and reflux ratio =
4.5) are shown in Table 4 for the case with 10 ppm
but adi ene in the bottons : Table 4As will be apparent
to persons skilled in the art, various of the
above-di scl osed and other features and functions, or
al ternatives thereof, nmay be desirably conbined into
many ot her different systens or applications.
Furt hernore, various presently unforeseen or
unantici pated alternatives, nodifications, variations
or inprovenents therein may be subsequently nmade by
those skilled in the art which are also intended to be
enconpassed by the follow ng clains.Wat is clained
is: 1. A process for the preferential conversion to
2-butene of a C4 stream containing 1- butene and
2-butene, conprising: mxing said C4 streamwith a
first hydrogen streamto forma feed stream
hydr oi sonmeri zing said feed streamin the presence of a
first
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hydr oi soneri zation catalyst in order to convert at

| east a portion of said 1l-butene to 2- butene and to
w@e@dncadrn hydroi sonerization effluent, separapCnySHaé/ai3198

hydr oi sonmeri zation effluent in a fractionation col umm
Whﬁg\ﬁﬂg'n&@ﬂ tfdper end and a lower end to obtain a

A = j - i d. eh_ top. effl uent -
1 A pracds P80 O RaPboR R A B B dbontaing 1-
butene ant @-boienes cormmisirgpr i si ng 2- but ene, and

._hydrai,s izing said 1-butene m xture at said upper
m'xa\@dsfi‘if’ @Sfi@em i afeshiydrogepsiiean o frsvadecd streem,
St trad i1 | ARz if..sai d bottons
R ST A P O L e

hydroisometization @atémtsiesortiat taliceneert rat deastra pottict bpBaidf 1-bAtene to 2-
re than about .1 wt % . 3. e process of claim :
butene anq?%é?%%? é%ﬁ@ﬁ%‘?ﬂéﬁ#ﬁ?f&s{f%rﬁs but adi ene, further
sepBfdTig ShithyaysiceeRmgb oY gﬁilfen% Al EAHINRELA colfnn having
hydr ol soner’i zati on to reduce the butadi ene content to
an upper eid mndeatihwar sipduto abtain & 1-butdine npixbresst sdidalgiendnd, a top

in said second hydroi sonerization catalyst is .
effuent stidaf} Eb A3 RERCEGAT] oot Tens amech o ek comprising
2-butene, dndput ene to 2-butene nolar ratio would be at a maxi mrum

if no second hydroi sonerization catalyst were present.
hydmisamgrigingssaia i -utenmnixiureratisaic apges endnd said column

v soB Y5 YRR LT o SRS 8t porons

stream. catalyst is positioned wthin distillation structures.
7. The process of claim1, further conprising mXxing
2. The proggssg ohgliei s Woerein saifi ¢4 sticam cainpasenshutatiesiesn a concentration

of no mord Raht t grma netathesis feed stream and feeding
sal g‘%&u&tﬁg{slé feed streamto a netathesis reactor

3. The promedsiofalztinng wirirdinZaiCanrgrasint Bosiks HRbaldh@Sitther comprising
.eactant to forma netathesis product. 8 The process

hydrogenaﬁpggh%m siregmmrige o Byrpisesnerzation tegedure thmbuiadiene content

to no morethaf ity flosui tabl e netathesis reactant to forma
netathesi's tfeed stream and feeding said netathesis

4. The prdoesd of tciaant twhereiresaiti sesbad heaedios mafidatiGRehiangt B dhitioned
-butene with sajdnetathesis reactant to forma

atan elevaﬁ@pdp@qi §omggwﬁch the 1-butene to 2-butene molar ratio would be at

a maximum if no second hydroisomerization catalyst were present.

5. A process of claim 1 wherein said second hydroisomerization catalyst is located within

the fractionation tower.

6. A process of claim 5 where the catalyst is positioned within distillation structures.

7. The process of claim 1, further comprising mixing said bottoms stream with a

suitable metathesis reactant to form a metathesis feed stream, and feeding said

metathesis feed stream to a metathesis reactor and reacting said 2-butene with said

metathesis reactant to form a metathesis product.

8. The process of claim 2, further comprising mixing said bottoms stream with a

suitable metathesis reactant to form a metathesis feed stream, and feeding said

metathesis feed stream to a metathesis reactor and reacting said 2-butene with said
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9. The process of claim7, wherein said netathesis
reactant conprises ethylene and said netathesis .
w@e@dactioconpr i ses propyl ene. 10. The process PET/UB 061913198

1, wherein said f sfrea cludes C5 and heavi er
metathesis AR IOdOMT S IS ERIRATORLRG 1 omovi i oaid ca. and

9. The prd&??%‘b?ﬁla‘ﬁ@'?p%éﬁl ddi@Meiatrdsiy, a‘& 0| sorfé%f Zg:?h%lene and said

uent before separating sai
metathesisapfddumhtomprmnsd)rbpgaleheonat| on coI unn 11 Thefprocgss
of claim./7,, further conprls ur,if one of sai .
10, The Ripfos X clalth hnbhSIol el ged  Siadibaneliias G5 foeheavier

componeniéf%ftﬂgr %6h?brl§¢ﬁé‘?@%b %QC(Ff) ra?ﬁ‘ﬁhé?vi%?'c‘érﬁﬁ”dr?éﬂ@%‘o?n said

react or. he proces aiml
hydrousomettmﬂorsleﬁgmfréemfnge sepacading bgidr bydnoistmedmtion sfiiuént in said
dr0| soneri zation reactor at a | ocati on downstream
fractlonathrf e feed point of said first hydrogen stream 13.

11. The prbdespioPersim Pffusthat Bbiprisfre élﬁ}ﬁyln@% bfsae HRRIhE8trBam

third hydrogen streamto said hydroisonerization
and 'said mesalihiesis feedzstresmabeferedending saichmetathedie fdexkdirpainrtd said
d second hydrogen stream 14. The process of
metathesis Feg%?érl wherein said first hydrogen stream further

12. The pl@@@'@ﬁ lo$ emigat , raRhBp BeMpeSsin ngf@ed-H'gea Bb@éﬁéfﬁyefog%rﬁétpéam to
wherein at | east one of said first and second

said hydrousym%@'éﬁogtreagt% af arloprtiorcdewnsiseamciaomdherfeadpoitd of said

1%he;..process of claim 13, wherein at |east one of
first hydro%@l Sét-rr 5t and second hydrogen streans further

13. The pmafps bsemlmarz;dnrthencaxmgﬁmngweeaﬂmg mm&fﬁw@fgeﬁlswe@n? to
further conprising separatin met at hesi s product
said hydroispgiarigation éea@f@m@g ﬁéﬂ@%thrbd%nﬂﬁrgamefm tberiped eoint of said

I%Qaqincon‘m ni ng sai d heavy conponent streamwth
second hyc?rro[gg hydr ol sonmeri zation effluent. 18. The process of

14. The protesswiiclaithdr, eitreréinesaid ot thydystjen steemmifapthePBomprises carbon
catalyst is positioned at the elevation in said
mOonoXide. £ a¢ct i onati on col umm at which the driving force for

15. The p%k?eé%yf’l; gléffﬁgﬂ,i\ﬁﬁé}eﬁrg RNedstWHEBE b FirRURNEU0M Bydrogen

be at 5% of 't
streams further comprises carbon monoxide.

16. The process of claim 13, wherein at least one of said first and second hydrogen
streams further comprises carbon monoxide. !

17. The process of claim 7, further comprising separating said metathesis product

from heavier components to form a heavy component stream and combining said
heavy component stream with said hydroisomerization effluent.

18. The process of claim 1, wherein the second hydroisomerization catalyst is
positioned at the elevation in said fractionation column at which the driving force for

the hydroisomerization of 1-butene to 2-butene would be at least 85% of the

maximum driving force within said column if no recycle stream were withdrawn.

19. The process of claim 1, wherein the second hydroisomerization catalyst is

positioned at the elevation in said fractionation column at which the driving force for

. the hydroisomerization of 1-butene to 2-butene would be at least 90% of the
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maxi mum driving force wwthin said colum if no recycle
streamwere w thdrawn. 19. The process of claim]l,
wab@se1319t he second hydroi soneri zati on cat al yseCT/8S2006/013198

positioned at the elevation in said fractionation
maximum dgingnioreg WithintsRidolemnvf R reeycde siream wepg withdrawn.

20. The pr$%e%§8f%%} 2904 R 81 1ehsPHb Q/‘%f t "lz'bl?Héﬁ %oﬂ%‘tls%ép&&lrs in a

( themaX| mum dri orce
fixed bed re@elod EtﬁnﬂaﬁnlngtheemssChyadmisroeWMDa cmaljm:mmstream)of alfinactionating

tower conthinga arescasl BYIHPBRGERISN RataIYSLaRT BRe TEeRGe conversion
occurs ovePfH?et ?éﬁn%&&?ls%'nﬁéﬁzﬁ%ﬂrc%téggﬁ” zation catal yst

pstTea ractionating fower containing a second
21. The prby@kﬁ@ofscim i a@hémnthedfirat hgdrofsmmetizaticeneatalyist comprises a

conv%r5|on occ#rs over the second hydroi sonerization
group VillAcpetal\pgra SBPROMThe process of claim 1 where the first

22. The prgxgéﬁobﬁé’(ﬁﬁﬁ 'Zzlan@?eﬁ%@ ﬂf§€ hWH@dn&@r&a&no&f@wI%M 4168 includes

on a support. . Frocess of claim
an addltlvevmecaeu fitome thie gmumydm@s&mgm golah stvercncaleli ragtals.

23. Tho prbRELy S BA R S R USSR Bty s

a group VIIFPA?ﬁ&%Foﬁfa &lfdr. 1, wherein the second
drol soneri zati on catal yst conprises a group VIIIA

24. The prmeea$ obalaansa;epwetremme serener yckeisopterizatipm catalyst also

includes an ﬁggﬁgggtegeﬁ:t%gf{o?g \}éé( quqJé)C?(g[fgsrl tﬁﬁ_ﬂbfﬁol&agméﬁéno&‘élﬁgh metals.

25. The pre@Bss 8f tigmof, virdrein §d firet apodhalkabnd lhivdailsom’éﬁzatﬁre
process of claim1, wherein the first and the second
catalysts chpthindiierent matalen catal ysts contain different netals.

26. Th : '
20, The oGBst BT AOESEUBREE MBS ST baAty ot
contain difféebal meedbaWRgs27. A process for the production of

ropyl ene fr 4 st t but adi
27. A prochis BdhB IO AT ABPIRIRIIA Eorics Cil SiTagh cante Brodiagigne: 1-

th rogen streamto hydrogenate butadi ene
butene an .?abLf%P%‘n é%@%%% ream havi ng a but adi ene content of

mixIMg 88 €4 Sesarh with % fireydydrogeneticzinmtp bpdbdesats butasiene

in the presence of a first hydroisonerizatio | yst
and form a feaﬂ%iéeam&&ymarhuta@'eﬂem¥ed‘ tdna %‘Hr%ﬂ‘ I r'?d"’ta‘;/a a

el BPREIER PSR S P e, 1 1
hydroisomivizatibeeatalyst in order to convert at least a portion of sald 1-butene to 2-
butene and to produce a hydroisomerization effluent while hydrogenating the butadlene

separating said hydroisomerization effluent in a fractionation column having
an upper end and a lower end to obtain a 1-butene mixture at said upper end, a top
effluent stream comprising isobutane and isobutylene and a bottoms stream comprising
2-butene,

hydroisomerizing said 1-butene mixture at said upper end of said column
using a second hydroisomerization catalyst to obtain additional 2-butene in said bottoms
stream,

mixing said bottoms stream with ethylene to form a metathesis feed stream,
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