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WO 2006/113191 PCT/US2006/013198 DOUBLE BOND

HYRRAISAMERIZATION OF BUTENES Field of the Invention 5ER&2006/013198
present invention is directed to double bond hydroisomerization of C4

olefins. Background of the Invention In many processes it is desirable to

have ispjpefization G sy s Renss MRy AeyRnoRGiesHiyPguble bond

isomerization is the movement of the position of the 10 double bond
Eie fﬁuq nﬁg@&wﬁ without changing the structure of the molecule. This is

ent rom skeletal isomerization uct e
typiddlfy &SR YRGLRR fﬁtéﬁ&%% é/\/p Jebj% kﬂe 150 orrﬁ%%nrﬁ?ﬁy&%n of C4
ommagmal form). Skeletal isomerization proceeds by a completely different

chandsn¥ {}t‘\aﬁ dOth%lS bond isomerization. Skeletal isomerization
caLIlI?/ occurs using a promoted acidic catalyst. 15 There are two basic

typehn ohaloubledssadsdbindrziable imhavg isRResicatinsohasHRRGonds within
%S’é'n'% IRIS RN eYiARNIO b oo MSH AR F5Rk GHBNSIRM PbMdrpestion of the

ver noble metal catalysts (such as Pt or Pd) and occurs at moder Thi
dowd@@amgwwm@19&@%1@%9%%@@9‘% ﬁﬁé%&ﬁ&n@ 589%%%[& isis
dlff@ﬁiﬁ{ Gidde Salatustnatiighsidanyiesasutes. 20uboubletmmgbs (most typically

droisomerization at moder te tem eratur S s m t
RGOl ES B S B QoD ot e T Bheletl
isdhenzatiynapniceeusibnum fawmlah@yntéﬁ@mbfm%lhawmeﬁﬁwe@ub@ bond
|sc;r DI &?M% 9%!%1 %’VQEH%@%@&%W@@&H@U% MRS Bt dHEHR! catalyst.

t a ol Et

Stinover olysis of 2-butene to make propylene

is suEh%t&eﬁﬁomNme%@thW@%lyéﬁ (FRRIResRY Y adiBM R I3a g 1amely

hytioiBYIRBRfch EFRPME?rﬂﬁ?dMié%ﬂwé}ﬁréﬂ@hbWﬂ@%@eﬁﬂ@&@mgmq&)ﬂnuﬂes of
are reacted to maximize the 2 butenes and th é ?Aémze ropMIen

YRR MM aRB B SRSERESER NGRS ST AROER Befingoderate

teRTRAHERNPEATNIG teuderszesintlueogbe freacsion tgpjordlyytenplovidl basic metal oxide
m Xim r?f% 0 I is Welﬁfnown that double bond hydroisomerization
8 oGt Si'??ﬂff{ Léously with hydrogenation reactions. In many

commetdi hpptidayiineisemistitotiahvitiodagaly temarieitesislawsy used to
CEt ﬂi xﬂeﬁéﬁr ﬁjé‘ﬂiﬁ? BRII0ESSSERa e adixpded %WBE?@&%‘}’ since the

al catalyst in the presence of hydrogen. For example, the

thaarmdwarrma@wm@sverfﬁm thetdnteial is iarpbd QR niampeiaiyras This
telHh RS IR SEGYRRGPISBRYE DRbatich 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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1000 10 C4H6 + H2 - 1-C4H8 + H2 | C4H10 (H2) (+H2) 100 2-C4 H 8
The primary hydrogenation reaction of butadiene plus hydrogen forms
1-butene. It proceeds rapidly over the catalysts (relative rate equivalent to
1000). In the presence of hydrogen, two reactions occur with 1-butene.
One is the hydroisomerization to 2 5 butene (relative rate of 100). This
reaction requires the presence of hydrogen to proceed but does not
consume hydrogen. The oth#0feaction is hydrogenationito normal butane
(relative rafbt6lOY} THéXinatTezctich@&HIA8 hykirdgénatiorrof @4titéne
directly to normal butane. This is the slowest react|on (relatiy€ rate of 1)
and essentially can be neglected. Under corﬂ‘jﬁ over noble
metal catalysts, it is expected 10 that the sele tivity of 1<butene
conversion WI|| be 90% to 2-butene and 10 % té-+-4slBane. The latter

resents s of olefi d | d
T A SR B Rl e S TEPOEEA RS Kbuere.

RIcBeFaseaniNp 08 hesuralvsie inialitpitecs ate Rt éntRP for Iitisppsesence of

Megéﬁmmzmlms&aug ﬂftm'10Bgtéhayﬂb%ar@QHeSth@ammﬁEanln to 2-
115 oIeflns and at legst %@r f{tﬁlfur containin comp&und with h
rOeArb g

dr
Mﬁ{]ﬁg {ﬁgtm%(éatehg )ﬁyﬂ? ion sr uires the_ Ieosrencg S yd’rogen to
pescpedatiwtescesntatticansuenstrepdrogsth d heobleeneedctaralysthrdidgheation to

ﬁ%ﬁ%ﬁﬂ@ﬁ%@%&%@%t@%ﬁ Ry fmgﬁr@éeﬁgﬁ% %WQ%%&Q% of 2-butene

patent utilizes sulfur as an additive to reduce the h dro\?ﬁenatlon tend

TR SRR RUATES THLFea RN R R R 7 B LGRS e el
é’éhe@@ee@imemt Unthe feechahddeditiorthefeedobeaddtal tathgstsdtdgexpected

eam. LLig knawndo gg&%m & ¥QF&8ﬂrmP6@@dﬁﬁ%0@ ONREIRng 10 % to -

com Ination with a fix rogenation reactor. In U.S. Patent No

ButE0dne E@%ti%&@%@fﬁéwm%%m%% at least one
hydrogﬁmmmﬁmﬂarzena hlaeohyastoe nedictivrieactiananeoide carried out in

ted wi h th of the distillation colu
@ %%EQE Ig?anycfrocar%ons are rem?v%%f%r% eeS rrell?:??catPrP]C?é]gtlon o????hc’d for
domnnu@wmmm@enamgratcmﬂmgmﬁmmqhe Brdtgranioaridredlefipitaining 1-
buArRcarRons cnigiResl HAeEs Kaihity @BIHBBLHPWIH Jr&%@@n H&S’[ﬁéﬁthe mixed

then re-introduced into the rectification section of the stlllatlon column. |

ST AT B 8 TSP DR G PR B o RS (g GG with 2
distilaenatovedalykt, LhSd Paentddovesind 18 a-pletiss msghtpragrdceswefgrocess

He‘%cribed in this patent utilizes sulfur as an additive to reduce the hydrogenation
tendency of the catalyst and thus increase hydroisomerization. Sulfur is shown to be
either present in the feed, added to the feed, or added to the hydrogen stream.

It is known to employ a hydrocarbon fractionation tower in combination with a
fixed bed hydrogenation reactor. In U.S. Patent No. 6,072,091, a distillation column is
used in combination with at least one hydrogenation 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.

It is 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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isomerization of 2 WO 2006A 13191 PCTIIJS2006/013198 butenes in a

mixed C4 hydrocarbon stream is described. A stream containing 1-butene,
2-butene, and small amounts of butadiene is fed to a catalytic distillation

tower eomtaiingiauPd catalyst. A smaII amount of hydrogen is als@fadstoo6/013198

thb% tower. The 1- db(gne e beln the most vo éatAe of the Cos,

moves SUeTHoA ¥Héoﬁabu ene, é?r?éa SLOTS1AtTa FARRORAgYng 1-butene,

tanaf¢IRe Mﬂtcﬁm@ﬁ tReingT. Caalgdidadotatied ifrtie cataigtiwithistigtion tower
C@@%ﬂﬁ@'@%@a@ £ng, M%W@Fﬁw @;5@1% %TQS’%@@%’%% tower The 1-

butene occurs Residual 2-butene in the bottom may be recycled to th

(U1 S IERE 18 AR HESH R AP 248 Wereehiels 2-butene,
witkirth eds botetfie, tendsSo BatentaNehe 24266 dfarprasess Oathest is located in the

SE@I‘%%Q\%@H@PQ{B’M&H&\ é{%&%normal bUt ne%rlg'rdcl)sr%%z% &onTg 2-butene to 1-

process also employs a ca |stL1 atioh P proc EES incorporating the
h?ﬁﬁ%}@d?ﬁ@wfani%ﬁ%&@i&b;ﬁ%mnrtin@ftmitmal RAd obetyReddo ithéetbwer.  If

tasagomienalientwish i smal amaurat AlNyaIese JnahewelfRRRINSRtene.

Pd cat?ly téog)atﬁed vy\]thl%cé%%lon structur s within the tower. In this

process the’catyst 1916 AP R5ES 8561'6?1 BRI inoputylene from
nmglipiiciyiefeniaistiveds. Adithed® frstionatipiopseLrsiiytd satilttlengrocess
m@é@éd?éfﬁﬁ?%ﬁg @&H@&%éﬁﬁ%\f@?&l& C%ﬂ.ﬁ%ﬁ@ Q&?q‘aq BMV&obutylenes

with isobutylene. Since the system does not employ a skele

BT e tweihs%ﬁmﬂbﬁ@%m/@é fhidiagIe e Hogviswer contains a Pd

ucmﬁ@eteﬁtaﬂelawenerd hyilegisoBedaato N BEeLRIbING nﬂgmﬁr@&&g hhe catalyst
te§3ﬂ£ lfggeul butene is c?nverted to. 2-bute e Thls 8%? ahs less

volat{fe and moves to the % Sttorn fe ttowfﬁﬁ ery ‘fll{%t}fa%h? R}Eﬁy As the
plirstisoBinglase yssobteinse Digitreadnsives m@mdauitani}&lteaeteaﬂmd volatile

MRVRSHH HILAMOB a8AbWIRN&scbhE RPRYERNFREEEFES Al NFPHYSE ot gmploy a

stre hat is concentrated in 2-butene. In the ethylenolysis (metathesis)

%?6 WTBEE&H%Q&%?M%HW%@%%‘Rd@@ﬁ%ﬁ‘mé%d dRwes peaffected.
a%tmmed ﬂaeﬁmmmmbmmumylmam@g&ihyleﬂﬁ@mhﬂﬁltéfh@Cénaf@he 1-butene

I?QQ&HV@%% %‘9 8&&%%”%}4"4' ieb%%ﬁg fo s o[l)g’u? e ves fo OtBelgcﬁtéom of the

2-methyl-2-butene. This reacti as a ne athe e?fect onthe pr
sEIEfivit) Hf'%rf@%msﬂef@@%!vmmﬁoaw RNRoltsdelipiiisid ovRtertmse the 1-

casesdidgaretarable md%@cﬂwé@aumag Hemkang-butene stream prior
to reacth)_ln with ethylene. It |s n to use a catalytic distillation -

deisobutfeRisar (U BBRIES % %9%aﬁr%aé“oh & RSsRITRIpd in 2-butene. In
mma&ﬁwmgq@myléneiyﬁn@)sm)aemmmﬁlamhb% Ratantrdtgleb42H6down that

r@@ﬁﬁﬂﬁ&%@?ﬂ%?a@&@&%@”&%mﬁgﬁt'S@%lﬂ)m%g%é) y&in &%‘91&"6%' Will not react.
Isobutylene and 2-butene will react to form propylene and 2-methyl-2-butene. This
reaction has a negative effect on the propylene selectivity 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 iscbutylene 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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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

fractippation stisictures below the feed point. 3 WO 2006/11319L,PCT 013108
52006 013198 Usually there are about four catalyst sections in t tower.

Uskblyroges iscadoeat lﬁaﬂom@ieﬂmmﬁﬁnriiwdéwmatfrb/i@r%ﬁmamwed below
theHSBESEARY H?&eﬁl%{tu{‘?é‘%l]ﬁ%m%{ﬁ&ép%% BheeRrReIB 43RS the feed

service accomplishes two functions. 1t hydroisomerizes the 5 1-butene to
Poiiputene to improve recovery of 2-butene and maximize the production of
propye s -anmis ey siogenates thgismatwerhainiog antoyaisiebmerizes the
tadieng after th sel tiy r ti¢
e o © B T e e S R e lyoton o
PFQDW@HGH@@MBQMW@@DWéﬁ@%{f@fﬂ?@ﬁﬁéﬁﬁw atfetevimyapagfter the

sefedie ﬂ?o%g&aﬁe%%m}ée%eve«f@m&h%abww@@n@m& rbw;maaneor the

th latile and tend t he b h
e G (et ILR ) ST ) S A heing s
voliindhemperatomdfithel towerovetheadwethis oteswnérdwso?thateth@ and the n-
bu%abg S h%qagslﬁ 90!5&%@%8’1%@&%@5/ 8! 15E iRt ANG Y ATRISRMBHARAH@ene

utene to the limit of the 1-butené 1 2-butene equilibrium in the tower.
haypétemueeireraiaatiend wa%g@rﬁ@aﬂe\aﬂ&iaaﬁmm YRREAReIBPRIAHRTST the
togﬁ?VimWWﬂ iantbthenermaining hduteneceniosesity Movetagiwardatalyst

e fractionation.sections fth Wer s rat ute t
seflinhang. ﬁ@’gﬁtﬁa@enz i %rg}ers g éb g"\fls s&\ghgy% fggg%/cagt ytene
edhitibritive ib-tiritewer. SOmE dfulisn disaoksr feomousisaipaiaed aptiencfithe 1-butene

teﬂéfg IOYRNAIBH QYRS m%m@x%zmgwn&@%%%@mgm hysioaBRAlONThe

butene. However, a portion of 20 the butadiene that mov$ ward is
fragtippaigp RssERARel {05 BYRIREPPRRLE Wﬁs%t%%“% 48 G S‘B}ef % and
thus aw@m@fdfead tomammtmhems @D:CB0Eh & ofligie putadisnatinobtes the 1-

Lgcﬁ)\ﬁvgr; ég\ V;/::] Ce §“{n 8‘1@ 5\589%8\/\%%0\;\7 Jrlbc‘ ﬁ)%aﬂfﬂgdénated over the

0es no come Into contact W|th catal Butadiene
catalydie Preseintamyrwedoes oftibg iwxéigpuﬁnaévé@u?«rﬂﬁ%eﬁ@ttdﬁﬁwwea portion of

ng Butene s 4Pe frd 4o g mrtathesis: war@g%wa%ﬁat@m& 43R 638dutes

irected to a process in which both a "back
2 S o eP TS R 6 Bt o HISBBL pefeciene
maieseiopleyed Tits tenpeptadpladegehe fixediobd ”ﬁblecttuiedlene is unreacted
SIQX P geé‘léf?ﬁ'ot LRI RRroy l&fcﬁﬁﬁﬁ% %Q%W'%h‘?éwéﬁeecm H&%%@?\@ﬁ%‘ﬁ@ more

Sems, There are typlca y separate fixed bed units for the C3, C4 and
W@B vetiondaeteinde uiametidifckRiaMdRimBadagVp @ metathesis unit

U.S. Patent No. 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 “back end” -
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 bottorns of the tower produces a C,* stream

4
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30 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 "back end" CDHydro section, catalytic distillation

toweks)aBUgsEto hydrogenate acetylenics and diolefins in thg Steas/o13198
including butadiene, methyl acetylene and propadiene and produce a

- WHFBpidRepraalE srisarHO TP BotsRE oMKeN durkdsD dudeR anizer. The C,

ovstiess 4s42rA0QR/L 3421 RGE(13h2EP6/R13LAThieh is thep-srIBtoEhere
nyipgignation yptem whiehiinglides o deRuianiZel The: Bt QU §e is a

stream from nizer IS routed to &
regygifoisymbezaswRshecundT dstiaadition sytieenGdlifaed ddhbendditbeaiszenit.

thereriggcGavaresysielom sheevisiieam frRotionatim s)eies 20 619 are:
foII0W|ng1the meLatgf(i@% n|t.SEt>FThree advantages of the system disclosed

in U.S. PatdRtNS 19 4F82 "FREH SisHinesle Lpdatosniona higher
metathesis @oy@dowsviosahighbe betytie soneatzianofdhgobalenye®m uses a

since the cosweIoNAL SYRISH HREHA ?ég?!gﬁ;%?\%ﬁf&méhﬁte ded to recycle
y ted ck

de-propylenizer which is intended to recycle unconverted 2-butene ba

to the metatf¥SRVRSRIPHEEP ethe ¢k fraial BetRtaeRs rerSients buildup in
the recyele steeasm@nild resatalystesanbe ustshim the dekydanizenthaing

also canbe u to . selectively remove any traces of putadjene. One
disadvar??aéaeéo gygénc\?gn |8n%1¥ t-rb\{egﬁ gé&éﬁrﬂ?ﬁhﬁﬁédé(}qﬁaﬂ{#ﬁéé‘%?d to
catalyst musélsstiysbasaimyhendisadeantdydadisimdicated above, is that

IDpfsleridaaan et aie thenhuRRLCHHEASUQRAIAN QNG ISt Afantities of
ca%?s gned to push the butadiene Léf over the catalyst. This results in'a

| ! Lal . T ),

2, DS THTER Wit VBRT HISATEARIRIR diRvdn drslpd ab@ie I8 that ivmeser to
satheatewres ihdtidierseisHo oectisedtias afeechatamndosian saataiesisdnitiadiene
t tit isobutylene,in the bottoms is, required to be low, thereb _
o Y B 8 BT S e R e A i
disgebigriags 6 HeiDvbeIBerteweliing e iutenkzefoedswam fsal syistem for a

meYRIRBMPIRYS Acfiih BFiEHRIRMB S IFAIIORHBRIS AOMASIFERD BOBR thereby

selective hydrogenation unit, The selective hydrogenation unit first
resf(@#%%% \ﬁeu&a'aﬁghéﬁ NERPTR{RISERARGAE ARSI ERYeed stream is fed
to a Aecelteffixicd: bed @Bl Bridr oytsogen ssirueesedrstberfixed kdtem

- wilH BIRGUENG Buthe sliram SR UARGHR R0 BRUEN S A ANE. i

small amount of butadiene that remains reacts. The effluent then goes
hygregriatinbndiatiRsatid e e msenative iwaibiitslenemaves isaladiane to low

levasie. sepasatet afibaad anddh e RdanieRaares Sk otiem Mers:tior and
hydrogen is introduced. In the fixed bed unit the 1-butene in the stream
hydroisomerizes to 2-butene and the 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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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 30 than the CD-DelB unit because of higher

drivirwg%gﬁlg% the fixed bed. The fractionating tower can be 191(‘?15/'[%53& 1013198
to allow more |so1outylene to pass into the bottoms effluent, thus saving

on uliitie3agent Baphd e & diretledtotie pmd belioretihivheurity isobutylene
andSAGNASEROR R thedfedRecmySis A 1 0RIGHE M LARYEN RREBIIENRS process

_recovered is slightly lower than when a CD-DelB is used. 5 V\(O1 ’
displogeft TP SEBMTRCEIEe L SYcaRNe RIB98%6HRTBTY id Hifsslsstve
hydectnsnBtieductiopuesdiigiepuitty isabetytetierand gropyereiffom2-butene up to

hydrocarbon fractions having four ¢ ; i -
o 208 000 AR A OS5 g sitinng
isobaleitive Mydreégbatition HidRGeREINNisoRERPaIBALIIIBORNENRIS) the
m%atw%@r}?dﬂ%@Mb%:ﬁéqebm@mk@iﬁquiﬂpr&@g;@ftb@m%aﬁmby _

istillation into a top fraction containing isobutylene an otto ion

contaHing LB A1 BT ARE AL e ML o i B e oo
striractiofo matmethifiesis tmiproduce! plopyiesisl TrigyelopieuseoRirdgaparatus
for VDR RIEPAHIGi S RIHEDRISHEAMS SRR BT8R M. SU &AM MABS improved

metathesis unit. It would be useful to develop a method and apparatus 10

effipiefify SMRICBTErHYEIsBRERation of 1-butene to 2-butene which has

improved efficiency over prior known systems. Summary of the Invention

S@é%%;giggt}\oetnﬁéw?ﬂtion, a double bond hydroisomerization process for
increa

sing the selectivity of 2-butene over 1-butene is provided. The

inveAGSA HitdelisdaaHBVRI b 2-BatENRSIPHM BYgRRtPBIRTEBH S r@spRess for
in@addmgdunressaidchutens strrasnsoniaining edawes osoeriEiatiorhef invention

. butadiene, thereby. resulting.in less fouli f the catalyst during a

I ERa S B R A e RT3 4 2-outene

stissarprontssifar aHevreterestiflationvelrbigadienzo harateriesiing indassatpuling

of%ﬂgté%éﬁg%@a%@s ANk 2 hEIRNRoCOMNIRIAG MixingiBeC4 stream with
af ydrogen s

irst hydrogen stream to form a feed stream, hydrgisomerizing the feed .
Streab K BRESENR 861 RSN ROIERS SO LA A St R BT ir=ion
2-sonuertcatd eastie portonahitg hutereatad 2 utene, toengbyipgodudigghe C4
a hydrojsome rization effl [ IS ization-effl
R s e i
steetop ipffheptesteeamot erfipstibirg aissiieaRatianc iabstifeprs eatrigenvert at least

a BOHRMS SHEAMD GRMPESIG A REIeRS R IRl IRPMeHRISdne -ausarsiuent,
sergg(rtautirgg the hydroisomerization effluentin a fractionation column to form a 1-butene
mixture at the upper 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 catalyst were
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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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

conc%rz%yémyyﬂuld be at a maximum 30 if this further hydrois_o&gg%%t&g}&mm

step u sing the Second hydroisomerization catalyst were elimin
aboune prefgrrethensbodimdnyg this dered siteansaighiptises wathdlecrednditnie the

fra(g?gfﬁaagnf%(}b@ SAMseR thesaterafhydrogienpting the fagrkstream
e rol

ore hydroisomerization to reduce the butadiene content of the C4 i
stredmrefP e niorad tHmme ey 2ot a1eiisse Txisadhe/batkans sisant With
a dJuvite Thesesanddumpisamprirationdatplssiscssustiiocated Vathimg the
the, fractionatign tower and often is positioned within distillation, structures.
AR T THE R LR e L e Kt Sy the
mevitthesisuitablentiotdohesis meisthpsitorfoin . metambsithreatbtateesis, wagtant

coippAing heyieBelatheeisisethsisratmina MH%QSF@%?I@F\QHC' _
reacting the 2-butene with the metathesis reactgnt to form a metathesis
prodtEl )y hdshteiSHfES PAUAER CoR i S8 SeyRREPRNA The ¢ the

mmmathaﬂiseprodumrmprémsvagpMen@SSmmbﬁrtmaheofﬁamerom the
hylr i %e%%j@%%ﬁ@ﬂg?%&oﬂg%n%&% SBRIE L SULEheL GmBRSSream

emoving vier components from the 10 hydroisomerization

ordtfriestFhesitoleetabRabis. My i deke dhend tisthns LRt Ths sent to
hglathesisSesskatream is purified before the metathesis feed stream is

sent to the metathesis reactor. In yet another embodiment, a seco
hydrgbéf?gt?éﬁ)ﬁ"% fgglpoofﬁ@eﬁgdr%is%er%%?lzanﬁr?gg&o?qa?% oc’:sa'gfcﬁ.)lgr(%l to the

hydbwissiredrs tfoomahedeed potsetpthadivsstERnyfirsgdhestrashpointseitiee first

hﬁﬁag_én%ﬁ%iéﬂqhwwesm stream isiRd 19 HefEACinaAan fAIUB Mt Rictionation
location downstream from the feed point of the second hydrogen stream,
CaHR) i (afian r%%vﬁﬁﬁﬁ%aﬁ“y&faaéﬁesﬁ?sarﬂg*m&?"u?tﬁ%?%ﬁ%yﬁé%qe“ stream.

Osarhes snanaxide of thanyidhetarstréhmeneathol filkth eo cpmigrised thevsiepxide.
of separating the metathesis pr r ' tset
e AR M T LS SRy o

meteiherishydbisbiiesriramoieefiBpen sy IO ThetbpatY campaiethétream and

OIS SiEeRm Rk Gsiain stalauantiHes OlifbinpRzdnsnamueases,

~the flow rate of 1 -butene in the top stream i ter than the flowy rate of
1 Ut (R ORI RSP SL88 B RB AR LT e s f

1ibuhedottoros sitesss, ith g fkatenathan the: fow rateadibd stewmndsigrisdeidpan the
ﬂg’\tf\r/erg{(gbf 1-butene in the bottoms 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 alsb 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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25 Typically, the first and/or second hydroisomerization catalyst comprises
a group VIVA metal on a support. In some cases, an additive selected
from the group consisting of gold, silver and alkali metals is also included.

The {irgt,ahsh sgspnd catalysts can contain the same or differenf petals i 3108

the same or different loadings. 30 Another embodiment is an apparatus
IRy¥anenstefdie fiasliepatiersoh riasaBhe 6t dassaaedhe domtaispig erization
diffuetierte fneh 2-Pulsane ThiRtaRPal elus 6BRRASES &P WHRIROBIRIFAIBMprising
eacianconfiguied g qoniaina st Bydioisometizaton SaANE i) 1 tene. A
converting at'leasta Eﬁortldn of thé' 17B0EENE A e fe G QREARE o2 -Putene.

v digiene aihtioforaialHydirdedmeispatien effientpand enflaftitweatiactionation

SO AYING B HRISS BBEBNH A1 HWRALAMIL349drm 2-butene.

PCT/Q52006/013198 lower end. The fractionation column is configured to
separaté RECAVRPRSSREIANGAMERRHNG fevAal SlBateRrtitauipk iR one
ouppee ehel)ch teipreffhitntesireahtocamprising dsobutane thadisoliyResing the
b sjre si - ne. roisomeyization catalyst .
Pl NS R R R e
diggifeisdmerize the 1 -butene mixture to form 2-butene. The invention
accordingly comprises the several steps and the relation of one or more

ofgrlilfg&fetg&spyvith r{s%%eﬁtr E’go each of the others and the article possessing
the Tea

ures, d%‘poer 165 and fefation of elements exemplified in the

folloviityraickdfed sahemaiinelrenBaI e ftipaowetithenbawihigiFigiddutene
stredgrasphamedte. drawing of a first embodiment in which a 2-butene

stream is produced, Figure 2 is a schematic drawing of a second

embopd u@n?i'ﬁ’ \E/‘vﬁ%heﬁﬁ[-'ﬁlﬁ%ng§f:ﬁ§8?ﬁ@ POHagEReRiin whleh a 2-butene
stre@mpe Dk betinyite Bbved prontodraeigrationed thioQd femtipedionsf the C4
com@dRdis a schematic drawing of an embodiment in which a 2-butene

stream is produced and used as the feed stream in a metathesis reaction.

Figurb'94€ & SRSEIRIBHAHFRYTBE & Siherbemismménvhichhich-Butene stream
is Prbutend 20 sredmsithpradiicedoand iHsemas thesfeeskstieam in a

celecl ol oro T g R P BN o 3 Bhhe, 2butens
stierjure eeddapdphdsHeedris the fatd sfrdabuteresttathbsiteresiivm

Figure 5 is a graph showing the conversion and selectivity profiles for the
hydroisomerization of 1-butene to 2-butene.

Figure 6 is a graph showing the ratio of 1-butenes to 2-butenes in a
deisobutylenizer which is downstream from a fixed bed reactor.

Figure 7 is a graph showing 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 vields
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 apparatus and process are
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deisobutylenizer which is downstream from a fixed bed reactor. 25 Figure

7 is a graph showing the driving force at various stages in a

deisobutylenizer which does not have a catalytic distillation stage in the

fracti rae%gg)] ﬁ%mn' Detailed Description of the Invention "The invention
provides an apparatus and method for obtaining improved yielcféc%sé?%/ 013198

SPuteneorraca shetenesttamiasaddCprioskreeanie M @RSafvrocess is

ddbiesk oi izati ctar.is used upstream from.a )

h dgﬁsggﬁfy?gr@er%voﬁﬁéﬁgs%b %ﬁa@@t%%eeasﬁ RN é&ﬁf(ﬁﬁjﬂ%a fixed bed
Y AR 6P ERHGP tHRARRIr 8 oriclipinm orb detidnstiediigho Thede/droisomerization

r?{““@memmﬂ'”fb@g@w MWQQWW-EUEHHQ%&%@QH?EJ%@I%@\\t}\‘/%%lﬁene, 2-50

and. igure 1, an apparatys and process are
P 508 0 3508 B G 0 lmer 2 By weigh n-
budgiea ANH G deh Tk e Artadiheovbealbiriquass by wiegignased a9d.0n many

R AiedisHeMha/thir {RAL AL i fixed hed ,
:h h¥]dEoisom‘erizatior?,\rﬂgg;cgté?aggi,typ%:qgﬁgm ee%%?ggr% o e*%JelS fed directly to
Rydroonmarization’ Feacir 220t ihEams pasbWia s war it fuusresm 20. In

thetso mmim_ﬁgm%bmm,1%56&5%1@%@@?%@%?&@@%&%99?%@%mg any
RaHe g iseby rts by weight n- bytane and 0-1 part by

Suweigh%ﬁ}g%;he, the@gt%?@i%é%%\r/n |g(?ﬁ 8@%&%6%{??}‘18 ahy n@%ség?etals (ca.

P4} SRORE ARG BB AR A B0 ipthavmeleledgeldingtienmu tisded be used to

mabiecy teato hydisaERzaliveaciois s SARDIRed WIBANEAM g aly
rga%}_/@rmsomenzatlon reactor 22, 1-butene is

rm. stream 20. In

5@%@%@5 i %“’Z-Wlﬁ? HETRSFEURS 3% SieabRe PRe5isoehesalini20-180
DeghthlystTERdrftisy ofbumit, catalystsraas nable detali@sobBE) SHPROHRL: 36,
Tvoralumiaa it > i j Au, etc ca usedto_ .

y&gdig the :ﬁ%ﬁﬁﬁggegg%§ 'I'[Bygpﬁ-| b%f?gggcqtjg 3 %rrlésﬁoér'e{;ﬁ 538%36' Typical
eRER) RS UNGSRre 518 Baigany prialteddttraitetleanpertauetiuars 80250nally
mdYelge Fearted i aé‘y’d@emsmfg’ﬁ%g‘?%ﬁqﬁg &ﬁ%é%%é’?bfér%%m@@edsto the

er \Qwe . ICal tower temperatures are

deé@oﬂi%'i% %ﬁ,%gpég%&g ?l%%alﬁﬁ\foézaﬁrﬁ%ﬁ%g Hherdatanb Hiesirestaner 36
coplaingank Wi aaiyselBisag anteredoioreiticsof 2hoplienally2mParhe. The

boteRied e 4aMAVEPXERSHBMIIYRE Jmdhe stream before being fed to
the d%%isc%b Ien@e\}i tower 36. The top stream 38 from the

deisobltylEHiZEr IBTEYSE e iRailis iR dnbutssisutine?-nteomaln  the
detpoantitlesivérlibucerts andAddyesectties 2ORAHOMSRIENNAY SHYRINS talyst
stk Ah R LB 30 KPS P RIS YD LB G R T sk BHIENS 10
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 atthat 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.

9
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deisobutylenizer tower 36, a catalyst section 41, which preferably is a
single catalyst stage, is included at the upper end 37 of the
deisobutylenizer tower 36. It is important that the single catalyst stage be
|Oca%\$\{l$h/lﬂ tﬂ? section of high driving force for the 25
hydr0|somer|zat|on reaction. Depending on the tower operatlon thi
typicdlingis thelyppeseetith3 7 bf trefdeibbbutylepinitictosder 6. tﬁesmgieation in
de@&%ﬁ%ﬁ@@?’zm@é‘ﬁ%Fé/h%ec"fltﬁt}@%egéﬂ{?e%ﬁ%{ SRR MR imum

1-butene at that high driving force location within the tower to an

If QAR SRl A dqu%lﬁl‘éH‘éeénJ wisaibn i il tenalhaeddmn. To

de@@imb% the apprepaito e diftarentlans 6@@3%@&&:@5@@1 mdp@rticular system, the
polg}( rlzaiglr%r{e é:rtger fgr 22 an cs%n be i m@ talled in. oneﬁ more d atth
utene formed in hIS y8r0|g6€?ne?' A6 é’ggtfg Fhgyuged atthe
COG@W&WEW@GQﬁhmé"ajé@@ﬁgfy@ﬂt@rcmwetés@ e atitan ihbvbettdrsitene
angipeameAL.chR® e rabadiaany of ksl isRTVARRIROES of The s Rutens 2 butene,

orl atln ln the C feed ream 12 into 2-butene than a conventional
Korglyd éangeian IS et ét @n'ﬁi RIFRAIAAK R dei8dbutylenizer
tower 36. 9 WO 2806/113191 PCT/US2006/013198 The catalyst section
(14}1 preferably isgpesitioged %tzthe elevation in deisobutylenizer tower 36 at
which the 1-butene concentration would be at a maximum if no catalyst
section 41 were ifouded. Typically, this is near the top of the column. To
determine the appropriate elevation forthe catalyst section 41 in a

t| ular system, the 5 point o maX|mum drivin rce for the
TﬁQF 0|soao%r%eerlzga c;ﬁtre%z:ét)%cn 00 G NOGRINSS 8{'?%%@%8&3@% (FREPNhiLRe ratio
O‘ftﬂéeﬁ%%@f@?fakﬁ iheetvliperateodiigaridtion betwideth-mitené ignid k,, The
refelUtBRERAID BESSRERSENESA Y AN R MRET B B I kebuieRe, B2 is

2-butene, kb, is the reactlon k for B1 to B2 and kbZ is the reaction k for
B2 to B1. kb, 10 (1) B1 <- Rate = kB 4 kplPRE rate of reaction is the

Wiearetit ](atmhBZ}'@@M&MY@IJ?W@W@&&CI%U@F@%E@{@—leftéh@kres pectively.
IS equal ta the rat r'to
Tﬁ%acﬁ%{f?ﬁgkfgrég?o?ﬂ?ﬂt P&HUBr&Bﬁ HF 5 P%ﬁ% 200 AS ned b m%lgp liding ?r%% sides

Z' Thé 15 rate of the dlsappearance o] Via hydroico

T/US200(/013198

bt espliingiathe fpENY+ kb2[B21 Where [B1] and [B2] are the mole

percentages of 1- butenmmmg?fgﬁg@ang]qufgyﬂy The driving force for
onver. |on fBl to B2 can b geflned b d|V|d|ng both sides by -kb,

Tfr‘éssac i STIR L] foq%%r?&nﬁ)eﬁﬂ Brca W ET” GBBfREg in the tower for a

particular system and is the preferred technique for locating the optimal point for the
side draw location.

Referring next to Figure 2, another embodiment is shown for producing a 2-
butene stream from a C4 feed stream in which a catalystksecﬁon 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 dolee 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

10



This driving force factor can be plotted as a function of position in the

tower for a particular system and is the preferred technique for locating

the optimal point for the side draw location. Referring next to Figure 2,
another embadiment is shown for producing a 2- 25 butene stream fro

C4 feed StreAm ih which a catalyst section is included in a PR 3198

budeisoRUHIRRIZzet. |n hinemadithe 0teCH treoonpowedsrarmenmveiding H2 and
o BEeam o5, dEIORMNZGTIRU FrBemers Jhg groducton of

aneés durin t ydroisomerization reaction is minimized by the use of

mult’ﬁr@ﬁyw@@@m@é@w@t}‘%rﬁﬁm@@mw@|ﬁ%|u§93n%f3§hf§ﬁ€b§5ﬁﬂﬂb§"8fc is

- deSRMABMQNYSIAE fecp!@eaqrx@@&@ﬂngk&mamwﬂmgﬁve%tceamszﬂnestream 116
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inventors have sur rsm found thatC acsas an inhibitor _for
CORRBSEAERS AU é)\{‘&t%r%' utg et ql?%lowﬁr)léntﬁé ﬁb%ljlgﬁa 's fed

dxrbomdtdwmommemmaatr@awenwtd 2 ntiiviecBYifasHME tRERArbetP form

strgééhc‘ﬁgg’jdrgg%g%aAERSPH%B&WB%%&C@&%M%@rlqngmeszﬁ@d into the

actor, butadiene in the feed is hydrogenat but
8010 SR A RSGURB T 6P URAETS 5 10 300/ 1o 1 cactor
1 2@@@’&&30@‘610 lﬁﬂ%hpdﬂamemmmtmmmmm i2Aoteduteattirchydeisbormsized
mtgm o eggﬁt ;Enﬁlv(\:/%ma §QAlsqsan heused s fed to a first

odime | s 1 and 4. The system shown in Fig. 2 is
fragonptie thuen 180.AT0a féﬂ@%ﬁé@[ﬁﬁ%ﬂ?ﬁfh CP@“S@%‘Ib’n@l@d %%foéeqsf?ersmove
exglét:ﬁsf'ﬁ &%Wm%ﬁ@z%t@%?@tg%ﬁ%oﬁ@&m folerSi@mntainitige first

er just hydro r a mixture rogen angd carbon monoxi S
fr%@ﬂﬁt’&l%‘ﬁ%i é?é.%%?%ﬁﬂ% reeéctor fgor |sBeom ned%(‘L %%1% 132 and
CMeampMﬁdm dermenstream 00t eiys ingtnaan d &% cArbyi paenasiiecatalyst bed

?so%%%)ﬁ%ml g %H@E&&eqﬁ%%ﬂb‘?\a%@@?é%ér%%@b@té@@%@@ 19¢&H9Butenes.

rOX|mate ay along the length of the reactor 122 is stream 1%
Thﬁ thé%%ﬁb@@ﬁw@?l%afﬁﬁ??@ﬁcfér@ eIt dne HYSIRntAEeeP o g the
hy%@g@%nfggmmg)r@@@t@r e¢fffuent stream 124. Stream 124 is fed to a first

fractionatin 0. The ff t str b |
o o SR e B e R PR AP ekl ream
1tB8veorh30e memmmgeﬁmmmﬁ@mmams@wty&ﬁs@mdg%ane and small

c{)&é‘%ﬂ%@? SFQm ihs o8- Skeain d 32rnbiieRit %@%}ﬂuﬁﬂﬁﬁfﬁéﬁmm@ﬁ—m‘cene
ottoms in stream 134. A hydrogenation catﬁg (} bed 15 13
a

Faoye &‘ﬁ%eﬂﬁ?‘”ﬁ%?@%%?ﬁ?ﬁéfﬁ%ﬂﬂ 5184560 ?rré] bu ene%s):)(lve upper
Jﬂwbymﬂ@@mwdﬂmsweammmememalwm wsidaatrafidrogehifugene is at

TR R0 eI R R AR ERSEB el . &
catalyst section 141 is positioned at this location to hydroisomerize additional 1-butene
to form 2-butene. The location of the catalyst section 141 preferably is selected 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
occdrred. 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 G4 feed stream 214. Stream 214
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138 from the deisobutylenizertower 136 contains isobutylene and
isobutane, and small 20 quantities of 1-butene and 2-butene. The
bottoms stream 140 contains the 2-butene. Above the feed point in

deis &By[)e(‘/q Q5 fower 136, there is an elevation at the upper %@T/&s?zzo%
f1

the deiso uty enizer tower 136 at which the concentration o engisar
is %B‘@@T%ﬂlfb@@ patatyshisectatios irelvide @22 theydietsmoubyletitzem difeis fed

airka £ EAREL seclion a5 pesiionsa IS ipsaALaT i YFalRometE form

Utehe tene ocation of the catalyst
strseomcamw@meramngl@@@@wm%@ ssdasdnriBedyriqeen stream 216.

H@?%%%Fl'm%&aﬂictﬁignﬂaus@ JheeleNalieniab \&:céi*ﬁbethﬁdétédﬂg tfereeafaoithe? at a
roisomerization reactionisa m umirn t

ot TR GOk LSS RS SRS o2
in Refernng hext tt Figimkl ;=4 pratess pr@hgda@ﬁ@wpmywﬁeqéfm@mﬁhrpf the
re%%g% 230 %%ﬂw?% hYﬂWE&%QBFﬁ@&&%ﬁ%@%H@%F@%&Uﬁa@cﬁ the

aving a sin catalytic stage near the top of the tower. The sgg q
in oraer

hysiiegs mnﬂlgp‘s% é%\"@ﬁﬁt@@‘&%x‘ i(ﬁ“ﬁ?@%?&e’& siream 2ARigsaue

thﬁf?t]ﬁlél patestiasdhe, dsr@as@@@htbrmg@ & selmdm&hbyahf(m@ea%m tnitcRES e the
wniIc

nate tadle eind %(39%
el S%XB{O C|n s O\A/gl%u?aa?ehﬁe%l%g EB/ 14. Streﬂfrﬂg%zeﬁdl points
is wcaeﬁoa@;tm@m@ciupt@m/nstzw@emmtgs r§¢é@tc?a%1xéa%@%vanfage of including
cgyxgﬁ%&%ﬁm@mé@ﬁg@ma?a%ngmmmamb@mmnw@mm@wme

the hydroisomerization reactor 22% or is combined with stream 214 to form

a'%i%&%f‘?@@'@ﬁ?ﬁ%ﬂ%h@)ﬂ@%%ﬁt8r?éﬂ§7€i§ hcluded in the hydrogen
streamnrzkba Elydroddactind optiondlydldd/ Carbareamorioxidetaihdé O and H2

mect mther t
DDA SR e s o

in|¢b§tmﬁabm %tml‘@sré'f'@h'é \%v'aﬁjha thebéistr oftRB Gdaeter E%%%nmore
pif&am2 234 If 0xskiplerepiatgmtanieotmn @rewsed atheielbassof Wisen multiple

hydrogen and optional arb oxide i ced in stream
’W@WW BWQraﬁwao&etﬁgpé op ur%e o?sl;u?% g egﬁ)de aé&ﬁg%ﬁgomoned
atkarclns ﬁ@@deﬁsmiyxtoaac:hmtrwm tesirde r@s&altVflﬂhléqadﬁiiatiﬁt&g@ea(’ﬁv?!*)’St in the

e hydregsadrio e diffreridredie nisio e cerne m%ach point of

uc ion of butanes in the reactor 222. The advantage of includi
'W’b@’h prRSAGIAle hH SPE ARRS I3 Nn i h 2528 iRhibR ﬂ&*}?rfo%%ﬁ&% f{niection.
ttr@,exﬁg@m@aéalm@tcaﬂ@mmg@w thisemeriznationtesactionbytdrpgececthahéifaed of

sipgle in n of m xe CO st d
hiﬂﬁgégg%{b%&i H}é;& a sm%rllen?oom pg;tégagngi rom%%r%pgfw‘% ehibodiments
ohififraidefnerization reactor In this case, the CO to H2 ratio is between

0.1 % and3rpirnldmalasRasindprie 222, 1-butene is hydroisomerized into 2-
butene. The reactor effluent stream 224 is combined with a metathesis recycle stream
297 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 238, there is an elevation at the upper end 237 of the
deisobutylenizér tower 236 at which the concentrations of 1-butene is at a maximumiif
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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preferably 0.1 - 0.5 %, and is typically 0.2 - 0.4 % on a molar basis. When

multiple injections are used, as are depicted in Figs. 2 and 3, hydrogen

preferably is apportioned at each feed point in a manner such that the

total Igm 0 U]e catalyst in the 20 hydroisomerization reactoi,' }g

activ‘é&Bstaté’?lT{}e ratio of CO to H2 at each point of injection pre@rag?@wmm
isphltpensesodsindpyisthe aameTs ajubstitteqbcifdstehnjectio-biténe. The
bHSMIEAREIS, @46%%%%@?0?%%‘@'&&8%@"P%?Qf%%?!@%eﬂuﬂéﬁ?ﬁ%'&ntem

feed of hydrogen and the inclusion of carbon monoxide’can be use
Ol eré G iR Aot bP gL of- Rilban b s tparbrRisHe ARE TBAMPeRii5ab!Y
le22 2hdrbutepeiiss hydraisitigre izeddnéd Avdigtaneindeeeadienefibientoison for

stream.224.is comhined wi etathesis regycle stream 227 to for,
R P R A PR 6 1D B 243

Aexaibyle hoderfesifieam tRésiteern) hesore blitizecoptibine dsigdnh40 to form a
metstREiasis sBRICiBcStEaRANZZL Stiga 22 e Rk iardRizabitienizelor 245,
._tower \%EG. ABbq[ve the fee%ﬁomt 30in djlsobutylenlzer tower 236, there is
4o A5 AHENE GRPSHOers P36 thd B SoBIABIRE PIORKT S A 248.
whichttbercetatkatiations! oft Ishatene EBat anmadnsnmuopylene, datédyists and C5+

hﬁﬁBH%&mCﬂ%e&d%ﬁ&@'bé%ES&ﬁ% fdrh WG RRISY gggr@oﬂ@%%ﬁgarator

catalyst stage is positioned at this location in order to hydroisomerize t

298nRatilty CBRYERe 38 MBuRABLCENE Bffestiaaf®238 FiemGe C5 and heavier
hydeizeibbibylenize rdowRs 2 Bonteathmnss W@ 2006/ 23¥Und are combined with

stheCryE@}z%os 4013%%§Gisobutylene and isobutane, and small quantities of
1-%utene an f—%utene‘. The bottoms stream 240 contains most of the

2-buldaerertstepitip/a gistomadie fis portesin®btmian2Uonsa ésbdhaamB0A C4
feddpIte-RahMilion Based oy Weidh, aRdJaetsiRseieialiyelesd tham it 0sRarts hich

er million based on weight, since butadiene is a poison for 5 metathesis

hyUQRRPEHS sl afips 2 4 ubE RGNS ok iU drPeREBiomertalyshraradaaing low-

but@diemley@h&amétsieeamZ42Xi$)ﬁtrmgtdne;¢w\éth 16 o tomis rrdeeaith 24@ 4on 314
t j > This stream enters the .
B S A D b R RS iz

whighnbfakegs'proalietssiratired AgioThbenatiesnprtenetiveesine s 314 and
3160aialns propyensg f&utenes ardamd Anskacations, Ihe i UamRNE dsream

eparated from. the heavijer hydrocarbgns in arator 250 and is L
2§ PSRBT PR S0 i o
to ¢rifdedicaditgs cme rédfcle rffimenhshiesis &2y oletistrellnma2 Bavehére to remove

oxEQUNNR U SHERRD b SUBRIBERE LoioMSAch IRRIEHR PLBYBIS U3t a27

for Producm propylene from a C4 stream.
In fractionating fower 330, C4 compounds are removed from 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 336 contains isobutylene
and isobutane, and small quantities of 1-butene and 2-butenej The bottoms stream
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15 feed stream 312 is passed though a selective hydrogenation unit 313

which hydrogenates butadiene in the presence of a hydrogenation

catalyst, producing a low- butadiene C4 feed stream 314. A hydrogen

stream 316 is combined with stream 314 to form stream 320. Stream 320

is fed'10 A fiXet Bed hydroisomerization reactor 322 in which 1558013198
Shy Geoistradniz@cbirtton2-Ritenm S aptiaitetiyatiyeirsisaamsna Lt MR 3teds

n [ 2rization reactor 322. The effluent

e e o s s aa oy o o

a flathesiso spfihieerbeirea dbtibhiathitg Bsneni3soiEoatituesis stastor 346,
ird2Mioptieraibuteay bewent@eie W@éﬁpeéefoﬂﬂﬁsfﬁé%xﬂ{&%@r%eﬂb{%eam 348.

stre efore being combpined with the recycle stream 327, In
frz;lct?(E)){il"lé;t|IP11(EJB)é'?(‘)wicijsrI 3Y° ﬁg&gltﬁ%%ﬂn%%BaFé/?mgﬁpﬁﬂﬁpﬂwebﬂgﬁﬁﬁs and Co5+

h%‘#@éﬁﬁ@’@z-a_HGPZSC(DBLBn@mpeuardﬁear&mert’rm/belmbbymm%iﬂcﬂ’(!ﬂﬁ@éparator
3884y hydregenationLcatalysthad: 331 Alsa krewn a,;fh%"@ﬁar Redly heavier

hg{dro enates remaining butadienestoform butenes. Stream 332’is

NIBSATRASIRA FeAGscie A BBt NBH s CsIReT 35N ABboEd Recreermbipfst with the
dd@i@ﬁn@yt@ddérdmv@re&%ﬂieﬁeésmm@tion at the upper end 337 of

the e izer.tq 336 at which the concentrations of . .
1-bu$](i,i)r]1gel ifsﬁ%teg%fn}gr%fnéms\%ﬁ% ggt%k//g section 1 iF?‘C‘?UHEEOR%XK[%M% in_ the

CERORCIAY Ahigs prefeltang forasiigity avslysebeetsppositiorieddt thigene to
2lportiendengesdmhygiojarmenissitabiene fo2-1hy re-gnﬁiﬁ%qdﬁH'Mr rate

09%8 from. the(%ebiﬁbut Ieplzer tower 336 contains isobutylene an

ltane, and SHSM GuatteBrs-bireme - BiRER HABSoftInEOm the

isobutane, and s
deigeauty|a3a80re0081d 81 H1gRE TALST RE61PNERE PBo Rt ORIBINGEE quantity

oR-But S ti is_purified | or more guard beds.
R B e L PR T B e oo
hyrgiseRGTRAHIN SeaFesIOFarton rdbatuvibhm iuirathibistieaskempls the
metaTihesis,epaiciors pAfticinanbickethgot futergingdiriBens ke RIS Ms and
& ag}_{sssl§r é’r%%“Ct?trelé‘éﬂ 348. 5 The r{fketat e&sgproduct stream 348
containg propylene, butehas and 8+ FYUEEarFoRLSHIE froapiaitnarereciable
qeepiicaed froaigne koaterafntroeatierisdusepaizeel88anddsgenation unit

td BARQURARSHBR PP B SHE RT3 2u e &6 &x%g\%dopﬁ%v@r?éoésrgmerization

hydrocarbons are recycled in metathesis recycle stream 32

rRbinea R hé HEpRmmPRYSel W Stiadieamespien Shalaparape. rrocessed
withie inelngivoisdracsinglie catstyshethge inctheisiesabstidenizenyabnation unit

-8 ' s [ -4 allows for a slightly lower conversjon of the feed .
xslr[?iﬁﬁe%ﬁf%. i{ggﬂﬁﬁ%ﬁb‘i‘%sﬁ (I%r(l; t?ﬁg g%/‘a?j(ﬁgor?nae B nb aé)%??%u%/?emzer
PERdresydetiatirg pval leheaatenaedaisibesiontef hasnesio Hotaneish Am4s.

RESRidly oarehuiene oaxih frdmahe heavier sulfur compounds including dimethyl
disulfide (DMDS) and diethyl disulfide (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 3

from a steam cracker C4 stream. Alternately, the C4 stream could be from an FCC unit
or could be a mixture of the two.
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deisobutylenizer, resulting in a higher rate of propylene produc_tion for a

given quantity 15 of 04 feed. The majority of the 1-butene is still converted

in the fixed bed hydroisomerization reactor for reasons that will be

illust in t xample. The invention is particularly useful fo
procﬁgsﬁ%)éégtlrgg?n cracker C4 streams and refinery C4 stream%cf(.j_T/USm%/013198
Typically, steHiférdcker C4 streams contain appreciable quantities of _
butadieneamd-¢kergfore require inclusion of a selective hydrogenation unit
FR@ tmieonvert the majority of sherbutagiene to butenes upstream of the
Mapeaidimiagirization [reactor, Refinery|C4 streams have a low butadiene
content that can he f¥acessed withirj the hydroisomerization unit, and

M98 clusion of a selective B¢Arogenation unit is not required. The
ion-of

iHeIusion-of-a-fractighatoru om the deisobutylenizer provides for
Prooylene £ .

e removat-of-hea y-mater hat-anter the system along with the Cos.
Propane 85

12 REIery C4stregms oftefrcontam heavier sulfur compounds including

1gimethyl disulfide (DMDS) angdiethyl disulfide (DEDS), bqth qf which
cearslensemoved byla first fragiionating tower, as is shown in Figs. 2 and

TAnEOAMPLES 30 The examsptes show various processing options for a

IsgpplenC4 feed stream having.the composition shown below on Table 1.

Is icallyis genetaféd_from a steam cracker C4 stream.
Riihately:-the-C4-stream-cpf8 -be-from an FCC unit or could be a
\

igiﬁ‘}??&‘f’c of the-two—j4-Wo-288%8/413191 PCT/US2006/013198 | ABLE 1
MKkatokz~hrFeed 39317 56:71 5A% 00 no Pro an e FEE 0. F85

10 13 Butadjene .13 1-B utene 11.63 Cis-2-Butene 9.66 Trans-2-butene
15.97 S%w&éﬁor}]eeﬁ%g le me?hane f?om an upsiream selective hydrogenation unit

where the butadiene has been reduced from approximately 45,000 ppmw (parts per
million based on weight) in the feed to 1300 ppmw in the effluent using a hydrogen
stream that contains some quantity of methane. As a result of the selective
hydrogenation step, the total 2—butene}s are 26.63 wt % and the 1-butene is 11.63 wt
%. This results in a 2-butene to 1-butene ratio of 2.29. This is far from the
hydroisomerization equilibrium ratio at the nominal hydroisomerization reactor
temperature of 60 deg. C. At 60 deg. C, the equilibrium ratio of 2-butene to 1-butene
is 21.6.

The hydrogen used in the examples consists of a mixture of 95 wt. % hydrogen
and 5wt. % methane, with a molecular weight of 2.11.

In the fixed faed 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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15 Isobutane 28.57 n-Butane 14.02 n-Pentane 1.08 otal 100.00 20 The
mgthane is soluble methane from an upstream selective hydrogenation
unit where the butadiene has been reduced from approximately 45,000

ppmw (parts per million based on weight) in the feed to 1300 pprnw in the
effluehPdsifg'a'Mydrogen stream that contains some quantity og%’t?‘?ﬁ??éo.m”

pe?ﬁr&gé@@%hﬂf@glaﬁmﬁmlélydfeg@ﬂ&t@hm tive thtainZenitemesiandich can
wt % and the 1-butene js.11. 25.%. This res i -

ST T T SRR SR TSR R RIS ro
powyailibtiamyrkdis emtiizatiomisackyd isenrsipationy psages nertjssraaintiogsed

in 8016891 C¢ AEY Aely&rolfisnRauitiBonn 52k, ah Rnenailm lobuiRnendsis 65%

i ByHGGRRUS RRLSANE 9 oS AT b AL Ao GRS 23 5 ot

buﬂmép&ﬁbewwddﬁsmmmﬁommngﬁmﬂ 1Andeneriisecbaltye tonfdenmormal
coﬁﬁﬁ%ﬁg%@é%mg FSmalning, hwadisne, s Iydragsnaiedita, JdsieiRerized to 2-

erelis a reaction of the 1-butene in the feed (and/or 1-butene formed

burkesie bU¥AiB e tBYRIasIREl D Trrdsese tiRfidRR e PLERHITbIRI SHRRressed

sliﬂml}-la;%@?]m@osyll%éiﬁ\dt;habima@a@nveru%dmoaubutanm5n fthid_pattidusartt. 1D
example, the equilibrium mixture of 1-bute -but in_.

SRR A, ST B AL A M o

imganvesttbe Btitaiitad i % sielgriiviziaind wam IinmtdteresH dauigii, and for
thg'%{ﬁé@h@&’%ﬁ%%ﬁ&%ﬁi%&ﬁi@ﬁmﬂwcamﬁm PhAHedt FHRRAEA SVRIon to

1ydroisomerization reactor containing a supported Pd catalyst.
PRI 4h8We the 15 WO 2006/113191 PC'r/uS2006/013198

perIOWNarm:\mhemt usindpfrsingle puopdiytirogiem féed theddaialyst stage in the
improvement which can. r he Jantiti '
oL e AR e sl A i i
hydeaicompviretica sirfiichy didigéermijeatisriptineddusensineing e cxrapgsition
pibABSYENRISOPEZAtRR T8 anlen HiRI COMyermiopd@lshwiane i 6h% Botth The

a selectivity to n-butene of 6,7 %. Selectivjty to. butan defined.as th
o e O o osle el e RN o .
cabhbeesesrddonormsabidbrditioas, thetaai® is forimedegiibitane subipiraetential

fa%@r%ﬁgeré%&w%fsqmﬁ{g%dtgoZzbutene. This is the result of the 2-butene being

fractionated away and moving to the bottom portion of the tower.

Figure 7 shows the ‘driving force” as defined. As can be seen, the potential
locations for the catalyst stage are between stages 9 and 29 with the optimal location
at stage 18. This location will vary dependent upon the specifics of the feedstock and
fractionation operating conditions. It is however desired that the location be at 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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butane, When two hydrogen/CO feeds are used, the rate of reaction is
suppressed slightly and the selectivity to butane is reduced. A 15 ft. L X
4.5 ft. ID 10 hydroisomerization reactor containing more catalyst is used
and ion improves to 79% with 5.4 % selectivity to n
Fort Sé%%\{s%%fshown and for the temperature of the reactorgtjf{U

ofemmmmmmnamrmslﬁlmr(wftbmﬂdwouﬁ@at;@ﬂttaN@rutaawbm% Eo%i;étéa of 94
fi r the tage in the
|sogmts|8 %' (?é?ﬁ%(p r%flé)o&%'g;("ﬁ?l e OIXS{" IS% ﬁ{lfr%na%wﬁ%fz%m

zer. elocatlon refer t of haxi
'bf@fr@@tﬂ’bfsfh'&ﬁ%% %ﬁ@é@lz’@m@!ﬁtﬂt@é@ﬁﬁﬁr Umsekecamfwmmnm;yproxxmately

smés@%mg/ the zempagHio:prafilesof, thgniowes yxinga fixedoed 9oWer. The

0 catalyst stage in the Del, e _composition profile over the DelB for
R S B T e iy ok L e B SeeOreksgeonas

ompa
adld@ctbwgw the catiyist belbvamijodlibri tm feditatingpiyterdial 20-da\ariblgenation

ofERGHANOLHPHIRNEIQ 1y QQﬁleE‘éﬁéﬁ e, gesulLeg @Bﬁ@r %Rﬁgﬁ;_l%emcgslsted

ractionated away and moving to the bottom &értlon of the tower

oS R IR 5 A S Bl NG %é@ﬁ'uﬁ’h@;ﬁ%@émléﬂhe additional

Bﬁoﬁagemﬂéﬁ}:lfethemammﬁta@erﬁ@lmmerﬂt‘plifs'iﬂﬁﬁefﬁ and 8&1%%@"?3581 b of
ign [ ation will var an the.

Ca%) CIfICS o?}hﬂe e% ét%% and rgac |onat|ont85‘/er%%)%q8§ %&15@ g‘:mency
f%\%@@fﬁ@@ﬁl@a@hdﬁw@mw@a Bedgdderrstrpthpormuifecphiydadgizivatign of
blf@r&z@rw'ﬁh@rﬁtﬁﬁf@ﬂé%@@t@@&ﬁ@é@%@lfmﬁg tfﬁ'f%%v@éﬂe@%g%%?@a%é*’r%wer 1C,

max m %5[9 90% of the maximum, as defined eg\l/p
Cocngfﬁposﬁgg n?f% gﬂB 3% gl?@?&?%ﬁﬁ%ﬁ%ﬂ%@ orificd{reiunciadeed).
TiB0Ygbieth esfib Ltepeoced easiionaiou tautnrths fivedrhed retittios arsbdieg and
cdRABALNRO FOYYESIAN (3N HOENES eafrﬁéﬂbeed%%%%q '@5 %E?gg“éa“og\b@ # of

onventional

catalyst. Exam%Ie 1 (Comparative) -

St%‘i‘f‘%ﬁcair&?c Wn‘i‘iﬂﬁ@r@%ﬁ“@lﬁﬂWﬁfldY?ﬁ/é‘ﬂ%nWﬁhNhi@h ffédietmyafrastionation

pdukirigg HirerogenpRakiancsy BRI SRRHOdISSH SIffRr8Pbutadiene and
1 ﬁg%e?nﬁg@, al CD DelB. towers. A total of 10109 Ib/hr of 1-butane is in the
ee

2006/013198

o Reraie Y0035 [b/hr 16 WO 2006/113191

PCTIUB26DE/0 B398 th b ieie Atk e Hiibn ehbunattisinemEhediikst proceed
intﬁwglﬂeﬂow%r%m{ﬁ@@ﬁopg%e@%@ tﬂ”Hméﬂ@g@ﬁcﬁQ%"’Hﬂﬂ? E%%gﬂ% while

reflux to feed is tower contained 23581 Ib of catalyst i

4.
S'%‘P% DEHE GIBRIRRMPER RRURS SoMRY IR darionsbrmanthiany -ptane moves
uprehottiby dfe2Bonatight Gatady ssitee wiightahbbutengdad thibedio Ry (Jher, the

reéﬁarlgaggl%ﬁ@%&ﬂwfs?&améU%% it high eficiency Tactionation packing.
equ?lllbnum 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
the butadiene tends to move lower. This impacts the performance of the tower in that -
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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added below the catalyst beds and below the feed to supply the required
hydrogenation of butadiene and 1 butene hydroisomerization. The
second tower, Tower 1 B, consisted of 129 equilibrium stages and had a
reflug satio.af 4 (reflux to feed). The additional 35 stages helpegtQ,q06/013198
achieve better separation. This tower also contained 23581 |b of 10
procatalysnive 204 R4 b5 EeUewipels e e TS Sl BFRALifial R to be
‘”Cmgg@%ﬁggﬁg% fﬁ?@&ﬂﬁ&i@%@%ﬂfiﬂﬂg- ttmarf%w mash@dde@q@ Bylyeifation /
required hydrogenation of butadiene.and 1-bytene raisemeri
Y RBAE AN LSO AP R T2E0 B S g ifuent

equili
to S@gesandiopenatedyata rRuxamti@oHeRrewionifeaa). 2 TweRRy s lost
Gl IMproV JQDaLI9R Rt aauL € Hiililigs dtehoilieganeAd wh
O"%Br?&%'r?slﬁ]hg% c%%y _(.%T %O%v(\?_g'% soﬁ%Hr%gﬁlee@ngsngl Ib of catalyst in 2042W‘ ent
mefeding astrvclitslianr Bupl AR ANGr PREER S ARLCHil IANIHT High RIHRTENEDS 108
oviraetianation pRskingdryatogenciathatidedtotbeppiitdtienequivet] be pushed
hydrogenation of butadie nd 1- n roi izati "
o B T b Y o e tectiviy
buproeeddis?e imgasiardleOver a multiplicity of stages, the 1-butene reacts to
form, 21 Huiene whilg ceimstiangeushoiirdrbrtans mayes dogrwait 94) were
byfractionation and the_1-butene moves u tarl'g Py fr tiogatgi(g)nfeTf&%%daﬁslore
USEH G RIPEHIBYREHHWH TRFBUGN 'fhcéet%ﬁé)é\f e FealiBrORTILIRT
ca@QﬁI@'k!m@Iikymﬂiagia_mmyﬁromvmuilibrium byfrgctionation _and towaro_l N
equiibrivmy ?éﬁggdﬂ%% t@iﬁqﬁl}_g{}é?@cﬁmﬁgﬁo‘fﬂ' 90 FOMYERSION, thEAERIG gher

of reaction 75 stages are required to match the multiplicity of fractionation
refitgeto tthavRISURS iR)AVAarREA MR EXRIVES TRV IRHEE Gedipwever,
thil) %&sﬁﬂ%@d@%%&@@ﬂ@%ﬁ@te@maﬁ@% fﬁkygwmmmi&asmhewmbded a

Table 1. There js a considerable amount of 1-butene an [ in.t
BN Y Bt Pt R DS VR e G e iner
rebotdandgandighsiradtivasof 2-butene and minimal 30 amount of

butadiene. As discussed above, the 1-butene tends to rise in the tower

and the butadiene tends to move lower, This impacts the performance of

the tower in that 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 17 WO 2006/113191

PCT/[T52006/013198 process. Since the teed to the tower is unreacted,

the overhead product rate had to be increased to move the butadiene up

the tower and thus over the hydrogenation | hydroisomerization catalyst.

This was required to reduce the butadiene in the effluent
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to 10 ppm. With the higher overhead product flow, significant 2-butene
was lost 5 overhead. The recovery was 76.1% of the feed as n-butenes in
the bottoms when meeting a low butadiene level in the bottoms product.
Sign al ne was lost overhead. It is also important tong (Lt /Ul%@(/msws
wher@tﬁlu%buﬁiy %ne must be pushed overhead a greater amoun

hydrogenation occurs resulting &Pk @igher selectivity to _butane. This is

Exaebirbiebed In Tower 113, an ingreased n m@eppﬂix#@@lﬂgtiqgj Comp. 1C

stages (129 Versus 94) were used t) Improve recovery. [herecovely |
efluxto ihprové fractiond#éh 94

RE@#@Rﬁémce In this case, a higher |f ')(602)@@&5 s 4dgooes
TJ{BlS}‘J@é@’Q\é@Q the recovery to 93.8%. _

ent W?ig(bre

20060613191 0.02 0.05
er (§=C JA oM.
_~M ! te_lhh hlo
30 984
= 355@59
tto?cﬁ@@@/hr 24295928
seeaumyes m Bﬂﬁmﬂsﬂﬁﬂﬂa%ﬁ% 2949830318 Sell butanesaturgtion) 5
=70 %)%?véréloﬁs]a?wé’ggy%wﬁns and v
1-Butene in : Ib/hr 10109 10109 10109
1-Butene out Ib/hr 1586 1154 1011
1-Butene Conversion wi% 84 89 90
n-Butane in Ib/hr 12174 12174 12174
n-Butane out Ib/hr 13327 12389 12400
Utilities /
Reboiler MMkcal/h| 17.54 17.02 22.30
r
Condenser MMkcal/h| 17.11 16.69 21.70
r ‘
Catalyst
Catalyst Amount (Tower) Ib 23581 23581 23581
Catalyst Volume (Structure) ft3 2042 2042 2042
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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1-Butene in Ib/hr 10109, 10109 10109 1-Butene but Ib/hr 1586 1154
1011 11-Butene Conversion wt% 84 89 90 In-Butane in Ib/hr 12174
12174 12174 20 n-Butane out Ib/hr L13327 12389 1240 Utilities Reboiler
W?@UH 3yp4 17.02 22.30 Condenser ~MMkcal/h 17.11 16,8 2140., ¢
st 25 Catalyst Amount (Tower) |b 23581 23581 23581
tO‘@%&HW@NY@ Hﬂﬁé%%{a’éﬂﬁ%ﬁ%@%ﬁ@édﬂ%oé%?‘ Blageprsth aeepux ratio of 4.5.
Traophisiisrie danrpuiasizetksimidatiothvasinge inydivgbreiéead stre@and had

6. %Vl,n_g %he same ¢ mpos%tgn of th feed 1\s)tr ms agﬁ' in Cgmé)na ative

Xample MWas sEAtD 210 )84 égHr y ArSieBRetization duties

welRie FoVlelwiridaieotized BEUDHE "@mﬁéﬂtﬁflm@@ma&ta@t@mai@tbweﬁwhey

arges@ragetm}e isRbuRdiene and ipebedane dimey theLaBuieasmaBdiBrPbiaN8utene
No catal stis empﬁéed in the fractlonatragftower The 19 WO

(Contera’ fg‘ixﬁiﬁﬁ” 2006/6316 8 TOMSPYBIRWIAG tha fike gl recovery of
naconsistednefsod thaeretiead Sdaybsnwitis H0edsx ratio pintibal Tows simofaltedrmal
bLﬁ%ﬂBLOrsV{'ﬁé I@J?Sﬁbﬁﬁgﬁ'@hrﬂﬁg@{%m@y@ 9ga nge(% iOlg angrnaagonvers

% 1-butene saturation as shown in Figure 5. The rebol
U%ﬂéﬁ@%Paf}ﬁ@%cwélédmmwma W DI thewerel@0rPelB under

th€ eanparaiite Exarmplendginae doend taeerﬁgm@yzmtr@fwrraﬂ@wah&butene and

cess res It 50/ version of tene tlve Exam .

b § The resu se%arg%rs] gwn on{!}labrlgcé'o?ﬁéog\%era recov 9 cﬂa AP %anBers’on

in Bméwéé bedugsatoan s petérie)ds @0iSwp Eserpativid tospafastaince of the

prﬁ@%ﬂ&ﬁx@é@@@%l@s’fh@dﬁééa%f)ﬂx W@P@ﬁ&éﬂ? overhead due to the lower
1-butene converS|on us%%a fixed bed reactor only. This recovery is

[y
howEV& HigherthantAR YD -BEES nderd 0 thPeishR iHRRiIgRatBINdle Feéd of
H)atmgii'mnsedijm ﬁéﬁdﬂe;h«gimiz‘é{bmmamﬁ lower 1-butene and butadiene
conteqk e feed dPcimasioneian tows yesuling o NG SODVEISIEN e
in thjalx db reactor IS per orma ce IS representative ofrh P

a papisraviasiciase Wibrddetabbe m@soﬁrmuﬁﬁaﬂ@namvemmtmtage 18.

- THampie@h aRaipakRiagerdded b sisebutklenizsthSnalererdRto0.3%

(Comparative Example 2) to 97.96% (Example 2A). In this example, the fixed bed
hydroisomerization reactor using a single hydrogen feed (and no CO)was used to
convert 66% of the 1-butene to 2-butene (and n-butane). Following the fixed bed, the
feedstock mixture consisted of 3521 Ib/hr 1-butene, 29179 Ib/hr 2- butene, and 1.2 Ib/hr
butadiene. By incorporating a single catalyst stage at the proper location within the
tower, an additional 2602 Ib/hr of 1-butene is converted. This raises the overall
conversion to 91%. Further, given the composition of the feedstock entering the tower,
there are favorable fractionation conditions that result in high recovery (97.96%) of total 7
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 -
hydroisomerization reactor, and the simulated reactor was a fixed bed using two )
hydrogen/CO feedé 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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15 Hydrogen used in Hydroisomerization Reactor The procedure of
Comparative Example 2 was repeated with the exception that a single
catalyst stage was added near the top of the fractionation tower, at stage
18. This resulted in an improvement in the % feed of n-butenes in the

= ;xbdfct@%&ﬁm(ﬁ‘%]ﬁ% (Epmparative Example 2) to 97.96% (ExaPrﬁB ‘ésﬁ%{j” 013198
In this example, the fixed bed 2@Qehydroisomerization reactor using a single

Ex ]
consisted of 3521 Ib/hr 1-butene,

H, Prashang) By incorporating a sing

Reﬂwm@e tower an addltlonal ZbL

progqggjoc

2 2B
9179 Ib/hr 2- butene, and 1.2 ib/h
e catalysy stage.at the ioNng.05

% mm@#m Fé&ﬂttﬁﬂﬁoh recoy
i-Butyihoetid Beionte utilize additional
1,3EBRRIELRA sb@lalst Stage Adde
1. Eﬂ}/(}ro%eﬂls Lf'gtL’U use01n1;|yot:21
2 Bledh AW was added at by
1- &h@nhv@@ﬁé@mmlzatlon reactor, an Iatea”ﬁ@actd wasas fixe
2- BM@siWDBoﬂwdgogen/CO feeds tqg re@l,ime 7P% gomyersign inhesfixed 31356
; e sl rogs
2A.B H _PD. UUIULQLQJE;
~ )~. 400090 4+ TetdlFeed 10109
1-ERateslbsthr 88689 88689 88 689 FeethmButenesayBottams §mt% 556
1- Bum@@(;ﬁ,g%}(,% 98.2 _I- Butyler e |\y\1,t§ottc .55 3.7 5 alb 04
WABE M 0 440 o Bororae i thicd B0 thne 125 fing & 74 ) 12174
n-Butane out Ib/nr 12613 ]| 12646 | 12641
Selectivity to n-Butane (Saturation) wi% 6.6 5.1 4.9
Fixed Bed Outlet Composition
1 3- Butadiene wit% 13 ppm 13ppm 13 ppm
Isobutane wi% 28.56 28.56 28.56
Isobutylene wt% 18.72 18.72 18.72
1 Butene wit% 3.97 3.97 2.36
2 Butenes wi% 32.9 32.9 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 || 18135.4
Tower)
Catalyst Volume (Fixed Bed) ft3 160 160 240
Catalyst Volume in Tower {Structure) 3 -~ 510.4 510.4

Examples 2A and 2B show improved performance compared to catalytic distillation.
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1-Butene in Botoms Ib/hr- 770 683 407 J -Butenes in Bottoms Ib/hr 28447
31005 A 311356 1,3 Butadiene Conversion wt% 99 99 | 99- 15 Overall
Conversion & Selectivity 11-Butenein Ib/hr 10109 10109 10109 [1-Butene

out 1b/hr 34 4 556 1-Butene Conversion wt% 65 91 944 n-Butane in
i ||o/r1‘r;3 @f%@ﬁ% 12174 20 n-Butane out___ Ib/hr 12613 AR
(CBdletyitypteniButdneqSptusditiorixettpis. 1 4 hixantdedQuitst/entional tower
iti - i 1% ] m_Isobutane wi% .
S g At Db PR ool T, vt
fraciogatipg poidifinns. F(isiesomrarsd v dae52DrDslEaneaidys R EMes §2 much

lowé#.52clsBliene Conveirtadss any:06/66/66 88.39, %Q?Fﬁrb@tz?éf#a'ﬁ 97.96%
4 Tower

' d Plus b 8160 14055.3 181 -
O B T T et S o G50 oy oo AR e sl
WhitsrifdsuFeeft 51 (r4 B1EG 436 Badahysiethan BndidBisHy iofiravesmple 2A and
Ex%ﬁ@@@%é&mﬁgﬁﬁﬂgﬁmg ggﬂ\@%aﬁ&t&Q%o%léégﬁgl? cases of

PCT/1152006/013198 (CD-DelB) Tower 1A of Comparative Exampl o
COQFP&‘E%*éVﬁ %‘é’éec:%nEéﬁthﬁgl Retarcepalithqe Binpatkrfeetudsisayerization
redtHenredvery s dwidi teatydaigiGD mmuh/&h@:ﬂxﬁ@ﬁ@nﬁ@ﬂ&?)@éﬁ@{ﬁf]as 79%

t - catalyst.volumes are m ower. The |
ot £ OO0 A SR R T T R

thegs ks ee(EsenAmbcoryf dstutert rontRdines insbesoftnmtnempfor additional

rectilalanendreRiayet sRIGSHVItY hal MR His EXE@MRIGHESAUHER A Broceeded with
.cata]l¥\st than E;{<am le % , b(ﬂ[h Exam!ple 2A atnd' Example 2B re lg/lre

MICTBARAHIRAT BN eathliLe dia i R e SstsasRbiod 9%

As can be seen, the use of a single catalyst stage in the deisobutylenizer results in
higher n-butene recovery than the cases with a fixed bed only followed by a conventional
DelB tower. In all cases, the catalyst costs for the fixed bed options are lower than for
Comparative Example 1. The point of maximum hydroisomerization driving force makes
maximum utilization of the single catalyst section.

In summary, the comparisons at the same fractionation conditions (94 theoretical
trays and reflux ratio = 4.5) are shown in Table 4 for the case with 10 ppm butadiene in the
bottoms :

Table 4
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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Comparative Example 1. The fixed bed accomplished the bulk of the
hydroisomerization reaction. When using two hydrogen/CO feeds in the

fixed bed, the conversion was 79% 10 at a butane selectivity of 5.4%. The
singlgV az%%l(};slt ?t?ge increased the conversion since there had been
F2"Butene from 2-butene in the tower allowing for Rahitighgy 01108

separation o
Ayt sactiomgth @yﬂ%}éﬁéhﬁ‘eﬁﬂwene reaction
L .

reaction in the ca
inimal hydrogenatign and thus the oyerall selectivity is
crecreasea-to-4-94¢ a" 9 ..'- pe-seen; --:*- ':ef's sing ;_ca,talyst_stage.in
the deisobutylenizer results in 15 higher n-butene recovery than the
cases WHlPS FRedr sRidoriE RISy dito At Hadpes THEIB AbRE-discitised and
otheakesutbe muamttm?sts;f@gtmaa‘ix@@ ﬂ%‘ﬂé@ﬁ’ﬁﬂ@% @g@&\l\@blﬁ} @hiBhed into many
OJF; v ample 1. The point of maximum roisomerization
o e S PR s 27 Bl ahdsiotReeen o
unagiiiginringd iteButipe sondifitatiensanve fedictionatiom ponditienss(Serein may be
subRAreHEAimaa disyhandsiatbixiraie arthwidie AhasiiRchaRIe 4 f¥ dhEmpassed
b t%aes Ithhnlo ppm butaqllene in the bottoms Tab!e 4 Case C_:omp._ Ex.2
y on?p. X AFERS 2B Fixed bed only CD DelB Fixed bed with split H2/CO
feeds and 1 catalyst section in DelB 25 N-Butene Recover 90.33 76.10
98.2 S 0 m e Can improve to Some increase possible improvement 9 3 %
with with stages and reflux = possible with ( increased stages but
diminishing returns 22 WO 20061113191 PCT/US2006/013198
increased stages (35 more) or reflux and/or reflux (38% more As will be
apparent to persons skilled in the art, various of the above-disclosed and
30 other features and functions, or alternatives thereof, maybe desirably
combined into many other different systems or applications. Furthermore,
various presently unforeseen or unanticipated alternatives, modifications,
variations or improvements therein may be subsequently made by those
skilled in the art which are also intended to be encompassed by the
following claims. -
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3523 MCSLLP CLAIMS What is claimed is: 1. A process for the
conversion to 2-butene of a C4 stream containing 1- butene and 2-butene,
comprising: mixing said C4 stream with a first hydrogen stream to form a
feed stream, hydroisomerizing said feed stream in the presence of a first
hydroisomerization catalyst in order to convert at least a portion of said
1-butene to 2-butene and to produce a hydroisomerization effluent,
separating said hydroisomerization gfflagiign a catalytic distillation
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
V&PRei¢lengmed g bottoms stream comprising 2-butene, and
hydroisomerizing said 1-butene mixture at said upper end of said catalytic
HistillatioR %ﬁﬁ%ﬁ?agiﬁbeacgé‘é@ﬁ%f%éf)o%&H%rigtgfr? cg%aﬁié?%“oﬁ%{}%‘”'”g 1-
Badiienl @ Duigaadn saappiiggns stream, wherein said second
hydroisomerization catalyst is located within said upper end as a sipgle
reactiof 2Yid ﬁ?d%r%é{tegérr‘?@mv&ﬁ B ﬁﬁﬁ&moﬁgﬂuéﬁ%a n:%l erfé} off feed
determinegtasmihsaid step of hydroisomerizing using second
hydroi%ogifrjzation.catalyst W ref eIimin%},ed. 2. The R{ocesrseofe%@im c1>f a first
whereilSERICNSHENR oo/ riséasegutg i8R in"h concentration of nd

more thantglopoisbwe fizaliomheatayet se asrdarmidl coheegineddieb€da portion of

stream contains butadiene, further comprising hydrogenating the C4 N
oo to Rt S ot e A o S BV cpymerization

prior to hydffiiganerizing said feed stream. 4. The process of claim 1,
wherein said second hydroisomerization, catalyst is pasitioned atan . ..., ..
eIevati8ﬁﬁﬁ@i‘iﬁgco?&l%qa\[@ﬂ,éﬂ%eenf%&t%n 'ﬁﬁj E'—l?uf@nea ZCL? %Mat{’:sﬂ.s‘i_:;llatlon

column having an upper end and a lower end to obtain a 1-butene

MCSLLP

mixture at said upper end, a top effluent stream comprising isobutane
and isobutylene and a bottoms stream comprising 2-butene, and
hydroisomerizing said 1-butene mixture at said upper end of said

catalytic distillation column using a second hydroisomerization
catalyst to obtain additional 2-butene in said bottoms stream, wherein
said second hydroisomerization catalyst is located within said upper
end as a single reaction zone proximate an elevation of maximum 1-
butene concentration determined as if said step of hydroisomerizing
using second hydroisomerization catalyst were eliminated.

2. The process of claim 1, wherein said C4 stream comprises butadiene in

a concentration of no more than about 1 wt %.

3. The process of claim 1, wherein said C4 stream contains butadiene,

further comprising hydrogenating the C4 stream to reduce the butadiene

content to no more than about 1 wt % prior to hydroisomerizing said feed

stream.

4. The process of claim 1, wherein said second hydroisomerization catalyst

is positioned at an elevation in said column at which the 1-butene to 2-butene
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molar ratio would be at a maximum if no second hydroisomerization

catalyst were present. 5. The process of claim 4, where the catalyst is

positioned within distillation structures. 6. The process of claim 1, further
comprising mixing said bottoms stream with a suitable metathesis MCSLLP
reactant to form a metathesis feed stream, feeding said metathesis feed

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

M6isthesis KRaGianbio o MaRRAIRE FiBredueind - Ty dlseraes aftlaibatalyst

2, further comprising mixing said bottoms stream with a suitable
Wi iPesi8bactant to form a metathesis feed stream, and feeding said

gretathegis feessisasnelinm malMbRsIhscasialy N leestionsaidithin distillation
2-butene with said metathesis reactant to form a metathesis product. 8.

?rﬂ*i'écﬁ)%%%ss of claim 6, wherein said metathesis reactant comprises

gthylengnangrsaisk g etadais Preguet EQmRIpsRSNY oRMRRE sSidT bettoms stream

process of claim 1, wherein said feed stream includes C5 apd heavier .
B RoRLIED R TR LRSS RS L3911 Shfhs G Rge Steam, feeding

sarReentebiemesaidtwarit M aitatinsskiffuaatdrctand sepatiatngakh@ibutene
hydroisomerization effluent in SaFld catalytic djstillation column. 10. The

withsaldgnetathessurAstalHHIRIRLD SiFePSPEYR bottoms

streamand sRigasstathasisnieedisitrancbaiprisiegdinigingid aetodiesis stream
feed stream to said metathesis reaci?r. 131. The proc Bof,clafim&, ¢ q
withe? SHBPSnERaHIRS'S Le86HRhyardgER &r@ﬁﬁ Sy 'eed stream, an

l‘é@iﬂﬂé@%’éﬂﬁg@@lﬁ@ﬁi@t@é@d aipsation @Mﬁﬁﬂﬁiﬁisﬁrmdﬂ@r teetl eoicting said
of said first hydragen stream, 12. The process of claim 11, furthe

SR A B e P A e ST SRR BB Shon
gactorfte [reates dsfwtiairaa) fwhardia fedd postatifesisd seactadt comprises

hyd tream. 13. T f claim 1, wherein said first hyd
S AP B RU SIS B GA1BE 25 FRGPMBLBse of i 11

whereimaé lgnstess ofsaigifirst arwhegepnddiydfegenssiezamdrfoiddes C5 and

Rt 2 B0 DR o1 AL SAITBLSIG romovG. caid BTG heavier

components from said hydroisomerization effluent before separating said
hydroisomerization effluent in said catalytic distillation column.

10. The process of claim 6, further comprising purifying one of said bottoms
stream and said metathesis feed stream before feeding said metathesis feed
stream to said metathesis reactor.

11.  The process of claim 1, further comprising feeding a second hydrogen
stream to said hydroisomerization reactor at a location downstream from the
feed point of said first hydrogen stream.

12. The process of claim 11, further comprising feeding a third hydrogen
stream to said hydroisomerization reactor at a location downstream from the
feed point of said second hydrogen stream.

13. The process of claim 1, wherein said first hydrogen stream further
comprises carbon monoxide.

14.  The process of claim 11, wherein at least one of said first and second

hydrogen streams further comprises carbon monoxide.
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hydrogen streams further comprises carbon monoxide. 16. The process of

claim 6, 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. 17. MCSLLP
The process of claim 1, wherein the second hydroisomerization catalyst is
positioned at an elevation in said catalytic distillation column at which the

feivingrigece fosdbe Bydnaisemerizatigrial athetenediss2diusane fiveulshblesecond

at least 85% of the maximum driving force within sajd column if no

hyeyRaeBRIEAMSJH RN GRINRTISES G810 YR JBEN¥ aim 1, wherein the

$6CONG Ry dppisasRbRIMagAlYSHHEPesHphrihgt ssRipdiigrsiicaitbtathesis
catalytic distillation column at which the _driving force for the

PRREGE oITRIAZ RGN IS 1@8meﬂa%8f§-6%téwéfw§uM@@é{&%@&%&d)} offram and

SomiRkD deIdnestvgeBhtpiorestit tadamnitha see yofesikeanenxetion effluent.

I, b T Mo S L A SR S o oy

RygraRRImes Zation calalasion IAtest ohthigtrataistitadistilathmeolatrwhich the
containing the second hydroisomerization catalyst and the remainin

M 405 0 R RGPl BT A e 50 el be
RsEssR slale mukierarihadivkidiishaisomnzailarcoaialyst somgrigss atream
group VIIIA metal on a support. 21. The process of claim 20, wherein the

YresenydRSAERMErization catalyst further comprises an additive selected
frgm thener @upcerszsistioioh goldieiben tiedsBksahdnkielmiddniBization catalyst

B A P A SR i e
wigRgfdnees esoilehyyrirskuesriatitiorcaiflysbutetie tedviprtees anould be at
B e R R R S e A s
greendithydi@isomerization catalysts contain different metals. 25. The
%gcessn%)ef %l%g]e:slévg %f&jr%t ,e vm%tr&rﬂdaﬁggsng(‘)y %%?%@e{ i—%%t{gﬂe conversion
occurs in a fixed bed reactor containing the first hydroisomerization catalyst
upstream of the catalytic distillation column containing the second
hydroisomerization catalyst and the remaining conversion occurs over the
second hydroisomerization catalyst.

20. The process of claim 1 where the first hydroisomerization catalyst
comprises a group VIIIA metal on a support.

21. The process of claim 20, wherein the first hydroisomerization catalyst
further comprises an additive selected from the group consisting of gold, silver
and alkali metals.

22. The process of claim 1, wherein the second hydroisomerization catalyst
comprises a group VIIIA metal on a support.

23.  The process of claim 22, wherein the second hydroisomerization catalyst
further comprises an additive selected from the group consisting of gold, silver
and alkali metals.

26



catalysts contain different metal loadings. 26. A process for the production

of propylene from a C4 stream containing butadiene, 1-butene and

2-butene, comprising: mixing said C4 stream with a first hydrogen stream

to hydrogenate butadiene and form a feed stream having a butadiene MCSLLP
content of no more than | wt %, hydroisomerizing said feed stream in the
presence of a first hydroisomerization catalyst in order to convert at least

%4portiqrp]é)f pristdduutese pgrhutane iMbIRIArOdNEe dirst and the second

ydroisomerization effluent while hydrogenating the butadiene,

kupreiaampesatioprsiaystsicantineligrnh me@sivtic distilation
sglumArfaving &R ARI ANEifelevenRNErd ahikadnBugaRisomerization

mixture at said upper end, a top effluent stream comprising isobutane and

rasplyshece AN Litrtenideiehinadiigsrising 2-butene, hydroisomerizing
58id 1-RuieheBixturerRé SssuiRRBh &5TiprbpRieneat@iicadidiligtieam containing

column using a second hédroisomerizatlo_n _catalyst to obtain additional

butzrisrein B e SR EFNSBARPESIA% ottoms stream with

ethylengiinprangimetatigsisicaatrstie st anddrasting sinchmetathgrirogenate
feed stream to a metathesis reactor and reacting said 2-butene with s

id
ethylene t8WARISHSRNEhE harsR Steam dhy IghARYR %i&ﬁn?ém of no

catalyst is Aqspi@damthiysaid upper end as a single reaction zone
proximate an elevation of maximum 1- butene cqncentration determined

as if sdRI SHRISIRYEHBRorfizing Slsirty 88Bnd hy dRGisRREFEAREN Of 2 first
catalyst weiR) phiRtRaieEaldn chRINpar JUS e the crsriant tledsbutgnertion of

of a C4 stream containing butadiene, 1-butene and 2-butene, comprisin

27 IMCSLEP: 86 B A I b IR cant MR P RQmeTization

Eydroisomﬁgﬁmw@wwf@g@ﬁﬁﬂﬁgﬂn@aﬁdmm@ortion of said 1-
utene in said C4 stream to 2-butene and to foym a hydroisomerjzation, .. .
effluenBSPRELShasBH CBW%H&QH%&%RH%% a?loﬁ?;?b(ﬁﬁ, 5{;\?&'”“0”

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
catalytic distillation 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, and

feeding said metathesis feed stream to a metathesis reactor and reacting
said 2-butene with said ethylene to form propylene, wherein said
second hydroisomerization catalyst is located within said upper end
as a single reaction zone proximate an elevation of maximum 1-
butene concentration determined as if said step of hydroisomerizing
using second hydroisomerization catalyst were eliminated.

27.  An apparatus for the conversion to 2-butene of a C4 stream containing

butadiene, 1-butene and 2-butene, comprising:
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fractionation column being configured to separate said

hydroisomerization effluent to form a 1-butene mixture at said upper end,

a top effluent stream comprising isobutane and isobutylene and a

bottoms stream comprising 2-butene, and a hydroisomerization catalyst MCSLLP
stage disposed at the upper end of the fractionation column for

hydroisomerizing said 1-butene mixture to form 2-butene. 28. The

procesg of plaimyil swheraifdhe sielespactiohrgnraomesisessntidlea  first

reaction / distillation stage. 29. The process of claim 26, wherein the

single readtishicispenaRticscsaialiphfeneapyeringiatiiensh trgaio of said 1-
butene in said C4 stream to 2-butene and to form a
hydroisomerization effluent,

a fractionation column having an upper end and a lower end, said
fractionation column being configured to separate said
hydroisomerization effluent to form a 1-butene mixture at said upper
end,

a top effluent stream comprising isobutane and isobutylene and a
bottoms stream comprising 2-butene, and

a hydroisomerization catalyst stage disposed at the upper end of the
fractionation column for hydroisomerizing said 1-butene mixture to
form 2-butene.

28. The process of claim 1, wherein the single reaction zone comprises a
single reaction / distillation stage.
29. The process of claim 26, wherein the single reaction zone comprises a

single reaction / distillation stage.
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