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Propyl ene and Hexene from C4 Oefin Streans BackgroupdepreiBereo6enti on 5
The present invention relates to the processing of a C3 to C6 hydrocarbon

cut froma i process, such as steamor fluid cata i racking,
i L, bt SusetS

primarily sion of C4 and C. olkfins to propylené via
auto-netathesis. In typical olefin plants, there is a front-end denet hani zer

for the 10 renoval of, nethan d hydrogen fo]l owed a deet hani zer for
the. renoval of et haﬁéPCEFﬁnyéﬁér%d%C'ngE&%W eé}f‘e?"fﬁéed‘cﬂrl%rrs fromthis
deet hani zer tower consist of a g e «C0 rangi ng in carbon
nunber fromC to C6. This mxtleP)é'EiLtg“ Q%Qﬁa%%?o di fferent carbon
nunbers typically by fractionation. 15 The C. cut, primarily propylene, is

removed as product and is ultimately used for the production of
pol ypr opyl ene ddadkgrowitbaf the Inveptiohesi s such as propyl ene oxi de, cunene, or

acrylonitrilLe. The thyl acetyl ene an%ﬁ ropadi ene (MAPD). i npurities mnust
be renmoved &ither b;ﬁenef ?Sée&epgﬁ%\{qngﬁno?el grt8g anoc?ﬁ.gs'Hgo‘%foaeﬁmt?o i's
preferred sinceyap®arB8notut heFe 41 @hERIngNsatest eHC.asCotgapvsistiaRd up as
propyl ene thereby increasing the yield. The C4 cut consisting of C4

acetyl enes, butcedalytie, ciaskingndrinoaritel for branveesion fdCi sandakd elefinal tobut ane

can be processed j n S pi cal steam cracker C4 cut contains the
foll owi ng corrpoonrghyls?n?ﬁxa O\/\gqleg%tthtegdg' C4 acetylenes trace butadiene 33%

1-butene 15% 30 2- buheapgic8Polefin plants, there is a front-end demethanizer for the
10 removal of methane and hydrogen followed by a deethanizer for the.
removal of ethane, ethylene and C, acetylene. The bottoms from this
deethanizer tower consist of a mixture of compounds ranging in carbon
number from C; to Cg. This mixture is separated into different carbon
numbers typically by fractionation. ' ‘

15 The C, cut, primarily propylene, is removed as product and is
ultimately used for the production of polypropylene or for chemical
synthesis such as propylene oxide, cumene, or acrylonitrile. The methyl
acétylene and propadiene (MAPD) impurities must be removed either by
fractionation or hydrogenation. Hydrogenation is preferred since some

20  of these highly unsaturated C; compounds end up as propylene thereby
increasing the yield.

The C, cut consisting of C, acetylenes, butadiene, iso and normal
butenes,‘ and iso and normal butane can be processed in many ways. A

typical steam cracker C, cut contains the following components in

25  weight %:

C, acetylenes trace
butadiene 33%
1-Butene - 15%
30 2-butene 9%

isobutene 30%



i sobut ene 30% 6 SEPTEMBER 2006 WO 03/076371 PCT/US03/06968 2 iso & nornal
but ane 13% Conventionally, it is common for sone of tHeSEFTEARER208¢ ¢ he
streamto be separated and the bal ance recycled back to the ol efins unit
for 5 pyroVQ8¥e763l sent offsite as an ol efinnic product. PERAISEH068E8et y| enes
are first renoved by sel ective hydrogenation foll owed by butadi ene
extraction. Alternately they are hydrogegtat ed along with butadiene to form
but enes. |sobutene can be renoved by frac¢tionation, by reaction to nethyl
tertiary butyl ether using rrethagol, 0}' b reacti%with itself 10 and
normal butenes in a catalytic' SS9 B4tEAEn unit>%1f the streamis to be
recycle cracked, the butenes are further hydrogenated to butanes. An
alternative processing option is nmetathesis. As practiced comrercially in
several units, Guvestichanalit isecommesifer $ornelof dke preducte at theatregmrter mal

butenes wth ethyl ene to, for r o S L spb ne is typigcally
renoved before tsg?ﬂgg?ds a\%\nd%eg ﬁ%b‘gﬁggcy$§%é{ﬁc‘én€° g%%sﬁ#éqs Pégcforyvi th
ethyl ene ors52 IpyrERsisWIdaint BfsteRSdrsolefifRidi froaast. ThYIT,iszebHé®dtearei || buil d
up in the systemas the C4 fraction is recycled to obtain higher

conversi ons. | oButipeaNedddes seresiver hydeagenatipn hfglloyekt by rbyiadiene to form
et hyl ene and 2 thyl -2-put ene.. 20 | n many cases . this s . not desired since
it reduces propeyr)r(l‘%r '°Br o%ﬁ%rﬂagﬂy %h%ﬁﬁec%ﬁ/rﬁg%?fcgfj %‘tﬂ%&i'@h‘é"%@&f’w@nati on to
normal but enes,fofnasuteR8s. Robuldre &drf BafRrhEvéd BedFactlonbtibs, by headteht oms from
the isobutene fractionation containing primarily the 1 -butene and 2-butene

are m xed with texvety! semigrehutyhgthesdisirimepmanahr ofulgh reawdiomewvithlitesifs or
o 1L CONYE" LR RERSAAaAR o bl SINBRRUR e b8 Rhfs 11
to be recycle cracked, the butenes are further hydrogenated to butanes.
An alternative processing option is metathesis. As practiced
commercially in several units, conventional metathesis involves the
reaction of normal butenes with ethylene to form propylene. The
15 isobutene is typically removed before metathesis with ethylene.
Isobutene does not react with ethylene or 2 butene under metathesis
conditions. Thus isobutene will build up in the system as the C, fraction
is recycled to obtain higher conversions. Isobutylene does however
react with product propylene to form ethylene and 2 methyl-2-butene.
20 In many cases this is not desired since it reduces propylene production.
Typically a.fter butadiene hydrogenation to normal butenes, over 50%
of this stream is linear olefins. '
The bottoms from the isobutene fractionation containing primarily
the 1-butene and 2-butene are mixed with excess ethylene and passed

25 through the metathesis or olefin conversion reacting step. In this

conversion reaction step, the primary reaction is:

2-butene + ethylene = 2 propylene



6 SEPTEMBER 2006 WD 03/076371 PCTI US03/06968 3 The u r t enes
fromthe reacti on are recycled to obtain a net high c@gﬁ E“‘Z(S’P‘;Jt he

but enes to ?él ene. Typical molar ratios of ethylene/butenes are 1.5 or

hi gher for 6#dsis with ethyl ene. Excess ethyl ene redBEEUSPHLSot entl al
for the 5 butenes to react with thensel ves thereby reducing the selectivity
for propylene formation. The theoretical 3m ni mum et hyl ene required for

maxi num propylene is 1 nol/nmol of 2-butene. The high concentrations of

et hyl ene mi ni nmiTee drtenenes @uesidsvitomitAe r€idtBnire PEORIEEBE obfRRGtAcans  of
the butenes with thensel ves by auto-netathesis. These reactions are 10
shown bel ow: 1Disti eprversionyRf tigduiepeoiy PEmylere? pentene 1-butene +

1- butene 3 et hyl ene h = e r 5 As can
be seen, instead of T%pﬁrr:élll gﬁ‘?gﬁﬁ?%onsgg% %@?%érﬁ%bg%ﬁ %r% g?)ogf/lqg lllGprnfaoid 1 nol

of ethyl ene fomﬂtagwdsraewdlhrmhylﬁnda &Rcegnscmyweneredumeshbs@omntmﬂ forethat hesi s

reactions, s of butane fo | ess t ha ylene. In spite of
the | ower sél rerg‘f’?%‘"qsytoc 635&16?5% gh%”“?'?f?% tﬁ?fff’bbéeﬁﬁ'ﬁc@@ t@éo‘%ﬁ‘é‘?ﬁtb’é"l\’l lprdesirabl e
rout e dependen i v siice

et hyl ene is hi E{%Wg%é Pg”ﬁi ﬁffar vejae ﬁ%eég??t#a)‘;rll rﬁﬁgﬁgme%gma{é) e%gs*d?Not e
however, when lnhmqmenmbl'ras,li!merlea]cmodfmahbf Pindsne eﬂhylmgtecasca\tmfdneedst ock,

t he product of q are reduced. 25 The, Cs and
heavi er stream 'FWF'H% ”%‘f“é’?afﬁ‘? E}PE’aBT%’éFelﬁgt“f%/ﬂ'i’ &M, OF RERY'ENS: {FRFNSduct i on

of gasoline bUtof%Hé‘%LtéF%% Wit theéin SelWsSyS ARBLAE Rthesi1 AThE®Y GhefodLarke
cracking heaters. A typical steamcracker C5 stream contains the follow ng

conponent s10n wbbght below:

1-butene + 2-butene - propylene + 2 pentene
1-butene + 1-butene > ethylene + 3 hexene
2-butene + 2-butene > no reaction
15
As can be seen, instead of 1 mol of butenes forming 1 mol of propylene
and 1 mol of ethylene forming the other mol of propylene, in these auto-
metathesis reactions, 2 mols of butene form less than 1 mol of
propylene. In spite of the lower selectivity to propylene, this may be an
20 economically desirable route dependent upon the relative values of feeds
and products since ethylene is historically higher valued than propylene
or butenes. Note however, when the metathesis reaction utilizes
ethylene as a co-feedstock, the product of the C; and C4 normal olefins
are reduced.
25 The Cgz and heavier stream -from the s{eam cracker is typically
used in the production of gasoline but sometimes the C;'s are separated
and reéycled to the cracking heaters. A typical steam cracker C; stream

contains the following components in weight %:

30



30 6 SEPTEMBER 2006 WD 03/076371 PCT/ US03/ 06968 4 pentanes 40% 1-pentene
5% 2-pentene 5% isopentene 7% 5 cycl opentene 3% cyct PFAFVHERA86 189%

n- pent adi enes 8% | soprene 14% 10 This C5 stream contai ns consi derably | ower
amount s of WPA¥416371conponents than the C4 stream After nPSEAISAHI6A¢H

hydr ogenati on, only about 20% of this streamis linear olefins. If the

n- pentenes are processed through netathesis, the.reactions are: 15
2-pentene + ethylene 4 propylene + 1-buténe 1 -pentene + ethylene 3 no
reaction The C. streamand the C6 stream are conventionally sent as.,a bottom
product froma fractionation towerP¥52ageSol i ne. 4Y%one cases, after 20
hydrogenation, the C5 stream separatgfidpe fractionagion and is recycled back
to the cracking heaters. The C6+ streamafter C. separation is typically
tent to gasoline blending since it2genteaiens hi gher5%ct ane val ue aronatics
such as benzene in addition to non-aronmati c conpo gs. For netat hesi s
reactions, the catalyst is typical S§PY¥HeBRi de of u’% Goup VI B or Goup VI
B nmetals sugported on either alum pai@bentbhd Ca suypgorts. In some cases,
this oxide is physically adm xed with a double. bond isonerization catalyst
such as MgO. In the reactor, the 2cynlopargadiane etil@foene. are netathesised to
propyl ene. The 1-butene does not reac% dWith et hylsq,?e. The i sonerization
catalytic activity incorporated n-pentadienes 0

Isoprene 14%

10 This Cg; stream contains considerably lower amounts of linear
components than the C, stream. After n-pentadiene hydrogenation, only
about 20% of this stream is linear olefins. If the n-pentenes are

processed through metathesis, the reactions are:

15 2-pentene + ethylene - propylene + 1-butene

1-pentene + ethylene = no reaction

The C; stream and the C; stream are conventionally sent as a bottom

product from a fractionation tower to gasoline. In some cases, after

20 hydrogenation, the C; stream separated by fractionation and is recycled

back to the cracking heaters. The C,+4 stream after C, separation is

typically sent to gasoline blending since it contains higher octane value
aromatics such as benzene in addition to non-aromatic compounds.

For metathesis reactions, the c}atalyst' is typically an oxide of

25 Group VI B or Group VIl B metals supported on either alumina or silica

supports. In some cases, this oxide is physically admixed with a double

bond isomerization catalyst such as MgO. In the reactor, the 2-butene

and ethylene. are metathesised to propylene. The 1-butene does not

react with ethylene; The isomerization catalytic activity incorporated

30 allows 1-butene to be isomerized 7to 2-butene which is then reacted with



30 allows 1-butene to be isonerized to 2-butene which ed with 6
SEPTEMBER 2006 WO 03/076371 PCT/US03/ 06965 5 the et hyﬁ%g%gwgﬂgéfl uent
cont ai ni ng propyl ene, unreacted ethylene and butenes and sone C. and

heavi er pr dﬁ%&gé%?@ first passed through a deethyl eni zer PESUSPFal  of
that unreacted ethylene and then to a depropyl enizer where product

propyl ene is renoved overhead. The 5 bottons may be sent to a debutyl enizer
where unreacted C4s are recovered and r&cycled. The C5 and heavier fraction
is typically sent to gasoline blending. Alternately, a C4 streamis

wi t hdr awn f r onthiehethybepr oy effleeaecorabioing propyleoet wmsached atieylynd eddwi t h t he

net bottons of C. and heavi er aggi,n bein ent to.gasolin | ending. 10 In
t he conventi onéfteﬁ‘reﬁci@;s?'&e éh@ﬂﬁﬁeﬁvﬁéﬁgaﬂ?mb’ﬁtfé%gé’afﬁegﬁg%ﬂg?‘e?}e such as
general |y descybbgdicthteiort Reidvaplod $hay &infbadtb@tRPRneOindlitRés 8Nk ages.
First, the reaction takes place with ethylene which not only consunes a

val uabl e ol ef i HepePYleasigarr edereEso@yst pwPYlane i cermeved stvagheater §hei nt ensi ve

refrigeration t t h cir i 15 requiring cqnpression.

Secondl vy, t% pﬁéggﬁ{egstnﬁ%ﬂpeeeggm{ ﬁc’erae%ilééa{ajlé)@%%al‘!\g}eggfLI"JQS%CTSgd h%/cﬂr%genati on

units for but agiceiered nd PeryRlddadTiene, ahy heagien dlacton $3 Bpicdllly deh@ho 2- but ene

concentrations are desired, additional h%ﬁr ogenation is specified in order
gq-

to maxim ze theasdlifngr blesding-i Zdtsroatedy, stpam: & Withdrawe. frehglthe- but ene
20 trati i I h i f 1-but i,.f h et hyl
w11 onot occur JapLgRyfriRider aoR7E 38 Botidfd SREMISIE wibdRed™S idtng' " thi

the reaction begd 5@l hedWeraaghi bbinghrnd tb YaBBNIneZBleh@ihgcat al yst  such as
MyO. In the hydroisonerization of 1-butene to 2-butene in the selective

but adi ene Hydr ogenatr &he wenventioral eorogess Sembtheametathasiss of ABitenestdy of
Dt oS 022 BB DR AL 80 e 0T BT
or disadvantages. First, the reaction takes place with ethylene which
not only consumes a valuable olefin but requires recovery for the excess
using energy intensive refrigeration systems and then recirculation
15 requiring compression. Secondly, to prepare the feed, there is a
separate fixed bed hydrogenation units for butadiene. in the butadiene
hydrogenation step, if high 2-butene concentrations are desired,
additional hydrogenation is specified in order to maximize the
hydroisomerization of 1-butene to 2-butene. High 2-butene
20 concentration is desired because the reaction of 1-butene with ethylene
will not oc'cur and thus the 1-butene must be isomerized to 2-butene
within the reaction bed itself by a double bond isomerization catalyst
such as MgO. In the hydroisomerization of 1-butene to 2-butene in the
selective butadiene hydrogenation unit, there is a substantial loss
25 (104 %) of butenes to paraffins due to the’ added hydrogen which
represents a considerable feed loss to the metathesis conversion step.
Further, if fractionation is employed for the isobutene removal step,
there is an additional loss of butenes since 1- butene is difficult to

separate from isobutene without a very expensive fractionation tower.



Further, if fractionation is enployed for the isobutenﬁe Béep, t here
AR

is an additional |oss of butenes since 1- butene is di Separate
fromisobutene without a very expensive fractionation tOV\ﬁJr % E) EMBER
2006 WO 03¥OPEEFATIPCT| USO3/ 06968 6 In the prior U S. Pat&htl N?‘g‘?cati on
Serial No. 09/769,871 filed January 25, 2001, an inproved process is

di scl osed and clained for the processing of the C. to C6 cut froma
cracking process to produce an essentiagly pure 2-butene streamfor the
feed to the netathesis reaction 5 process for reaction with ethyl ene. That
i nproved process in : u : L& r 'P%’ga Hzag,i.gn

de-i sobut yl enei zer }Irg\%\%é?.ﬁn%ﬂgf%atp%eg? fbg)lp géa@eryn?bggg?‘?bg?l on,'é?ﬁgﬁlﬁgt at hesi s
is the typical Jopaaryi 2tn 20070 -arbimmnecdipobcesis disdosenl pmdbdiateepfappeene.

Al t hough the yield of pr |l ene is relatively high when utilizin 10 excess
ethyl ene as a PEATRSHIS ofﬂ}é’ gpa&ﬁﬁt?%nﬁﬁ? ?)F\é‘iﬁh'&ﬁmfcreé%t?r%ﬁ%?egéﬂi ng cut
Wi t hout the U,S%s%nteamyxﬂﬁm-mhésﬁ@aﬂe@k&ﬁ@#@ed UGB AStatMEN rdgiopupp! y of
ethylene is tight and/or ethylene is expensive, even though the selectivity

of butenes %o preggssdnerdastidnawish etaléne. r Bbaicdewrowes! pmegsamvoheesither eased

ot her products can.be used. advant ageousl.y. 15 As a part of the background of
t he present in\%}‘ﬁt°|f0%?&55’35?‘}Y°%8PP%}9”26§¥%HFgS%HUéYIFBFg\%ﬁ?YVGFth‘ @@Ewab et at
U S. Patent 6, bibr péa9est §6pIASLERN, 2hPIMAERIRedOis RROAYHICAD iR ene-from
cracked C4 streanms using a two- step process. The first step uses the

reaction of 1- butenfeand eihvlerrit@pecducs FrePWRPeopyl ene and 2-pentene. In a

separate reaction step, 2:pent i S acte ith ethyl ene to .form

addi tional propyl en@?ﬁ}?gg&&g‘ﬁtﬁ%g gPTrplﬂé)py% 96%{%’8@{'\’?'&%6 V?’Se? Hi\'ﬁz'f‘gomeri zed
in a thirdjpeagktess stifPerdsl £ea4tast, the &rbﬁuéﬁdﬁibf RESHOhe dorAthe

i sonerization mxture of 1 and 2-butene. a purely theoretical basis, the

reactions are: cpEkingpgut withaylittageuse ot gilviane wopldobg desisakle2 spemtasne

when the supply of ethylene is tight and/or ethylene is expensive, even

though the selectivity of butenes to propylene is dramatically reduced
as long as the increased other products can be used advantageously.
15 As a part of the background of the present invention, several prior
patents are relevant. The Schwab et al U.S. Patent 6,166,279 discloses
a process for producing propylene.from cracked C, streams using a two-
step process. The first step uses the reaction of 1-butene with 2-butene
to form propylene and 2-pentene. In a separate reaction step, 2-pentene
20 is reacted with ethylene to form additional propylene and 1-butene. The
1-butene fc.armed is then isomerized in a third reaction step and recycled'
to the first reactor as an isomerization mixture of 1 and 2-butene. On a

purely theoretical basis, the reactions are:

25 step 1: 1 butene + 2-butene -2 p'ropylene + 2-pentene
step 2: 2-pentene + ethylene = propylene + 1-butene

The net reaction of these two steps is:

30 2-butene + ethylene = 2 propylene



step 2: 2-pentene + ethylene 4 propylene + 1-butene The net reaction of
these two steps is: 30 2-butene + ethylene '3 2 propyPSEETEMBERIMOBER 2006
WO 0 310 76 3 7 1 PCT/US03/06968 7 This is identical to the base netathesis
reacti on. Wuoespresfierred feed mixture is a mx of 1-but enRCEBYINKEt ene
where the 1-butene is in excess. This is achieved by choice of feedstock
conposition and by 5 recycling the 1-butene produced in step 2. Under these
conditions, some reaction between two 1-Butene nolecules will result in the
formati on of ethylene and 3-hexene. This formation of ethylene from butenes
shifts the overall selectivity of the net reaction such that on a fresh

feed basis, less et e gqﬁqlz . i i
propyl ene. 10 U. S szﬂesn'?'qg\pp .ﬁ?ﬁg%%gﬁ?g%ﬁ%ﬁgﬁ%ﬁﬁ8’8{?3%6%?3
di scl oses separ &deal mittuee feeonist oft Bputdnevand Rdnréne Wiere ehetli-bment i2-

pentene with ethyl ene tq_form propy|lene and 1-butene. Simlarly, U S
Patent 5, 698, 760" BX&&SPos SéFB&BE bV\ﬁEP'éeé’]fr%P%iﬂ%*éﬁPmﬁ)@%W‘e%nﬁ by s

reacted withget I i L b n 5 and
oy apyl one. |7 & MEYRRS, WIS bUTBI hioRRER FNE 21 Otier Hibsb YoRURhE iRind

processes for resctiondedveamtevcatibeter®@moBcoiensvidtresigt of thecfaciniatign of he

but enes streans with eth ne to for ri.marily propylene, U.S. Pajent
5043, 820 i acl SLBSE Fd CHR R i FAHRET o S PHENE BT bLEEeS TRHD ar e
contacted with g dBlabiiesieeticia} 8t i ndtriatid dueh @t 8AM #65h Meihaals, aci dic

zeolitic double bond isonerization catalyst. The concept of using a
physi cal | y adni jesd etbulehe amdintiore butenies @re oenuiredt pdrystit bbiprdpgdamenel | known.

L0, (e Preprnts of e SyRes! B Rad ichen CRSHbYpaRaH P of
g%i- IQpr Eggl;tsl 8];1 afF!!)s'gldslé% palREROIRUEBDhEREp abbl g ARbIGGhHe eh¥tié® oP 2. Mar Y
pentene with ethylene to form propylene and 1-butene. Similarly, U.S.
Patent 5,698,760 discloses a process where a mixed pentene stream
is reacted with ethylene under metathesis conditions to form butenes
15 and propylene. U.S. Patent 6,159,433 and U.S. Patent 6,075,173
disclose processes for reacting steam cracker C,'s consisting of reacting
the butenes streams with ethylene to form primarily propylene.
U.S. Patenf 5,043,520 discloses a process where olefins ranging
from C2 to C100 are contacted with a metathesis catalyst physically
20 admixed with an acidic zeolitic double bond isorherization catalyst. The
concept of using a physically admixed double bond isomerization
catalyst has been well known. In the preprints of the Symposium on
Hydrocarbon Chemistry, Division of Petroleum Chemistry, September,
1972 American Chemical Society meeting, R.L. Banks of Phillips
25 Petroleum states, “High selectivity to pn"mary disproportionation
products is desirable for many applications and this can be achieved by
reducing double bond isomerization activity of catalysts. However, for
certain applications, such as processing detergent range linear olefins
from propylene, high double bond activity is essential; symmetrical

30 olefins such as 2-butene produced from the disproportionation of



products is desirable for many applications and this can be achi eved by
reduci ng doubl e bond isonerization activity of catal yst SEPTHYRER3006  or
certain applications, such as processing detergent range |linear ol efins

from propyl ¥R&¥0%3Yh doubl e bond activity is essential; sPeFAISPIWAEB 30

ol efins such as 2-butene produced fromthe disproportionation of 6 SEPTEMBER
2006 WO 03/076371 PCT/ US03/ 06968 8 propy ene, will not disproportionate
and a shift in location of the double- bond is needed prior to the

di sproporti onat i HBpyRAEt Wahnod HSSoRFRINaRNaRd a shfFt fir lokBgos ¥ BAE JBOHE-
i sonerization catalysts in the systemwuld also pronote skel etal

i sonmeri zati on antbrdl iserdegad o te xudispragoriiorgiion ceaatios. pedworstiorefinesi um

oxide is also a yve el i ve cat r e. bond isoneri,zation and
is conpatible vviafcﬁ&%[)(fﬁegg?‘gﬁn/eé)ﬁn es‘g)g%g‘%afé’% . caqgl)-](? {)sh'g t%f"es Wiy é’}*'%u,%r%soor t ant
co- monomers in the yredkeldroNisomebbiordehy &limyghigntoranes@ohyih trgherey | n

U S. Patent Application Serial, No. 09/863,973, which is incorporated herein
by referenceb a AipEEetss Magnegmpexdads algo @ Y Relpstiva catalyph Bre9sbfeor t he

| soneri zati‘on O];bc;n_ g'b%ringﬁii iar,y% ik %omﬁl?/@/eo\ln/?[fhi %g%lusepdéflﬁ'le %%?%y% h one

exanple, a m xe utenes stream consisting of ene an utene after
removal of isobutene Alpdapsisties atdimpghtaat combbm@ters in the production of
i sonerization/fractionation step to produce essentially pure 1-butene as an

over head productPdthaiplYHeYieneranscrelyprapytenandn &-Bol’einms Annlisatipe &ivsiebt i ng:
of essentially pHB'eog{%ér]éjdE’g%?t Hibg igl'n%]’ped??te%tﬁ&?@pﬁ\?gefglfé&%r a?&ro?:@%ﬁ to

product or recycled e I sonerization s or m fror'e t ene.

Simlarly 3-0hexpnpredicing a caalst and agprdcéssafdritheadetefitatprosiiceerhahexene.
The separation of closel E./PubOi ling olefin isomers is quite difficult. 20
This is usual |y ¥efies toalphgeriefinsistdigniesas: siNehs SxamR/eng MigpY NthEePevnat i on

stages and extregpla, Q:ioﬂ%is!iiﬁﬁllﬁﬁ -Bﬁ{ejngsand@'-rbh#‘hﬁ"{e’ af@é/rerlaﬁgc;vo{l]ié)?!i.%obutene

tenperatures, the equilibriumconcentration o he al p ini1s |low
is passed through a combined isomerization/fractionation step to

produce essentially pure 1-butene as an overhead product from the

15 fractionator and a bottoms stream consisting; of essentially pure 2-

butene.- The 2-butene stream can either be sent to product or recycled

through the isomerization step to form more 1-butene. Similarly 3-
hexene can be isomerized and fractionated to produce 1-hexene.

The separation of closely boiling olefin isomers is quite difficult.

20 This is usually done in super-fractionators emplolying many fractionation

stages and extremely high reflux ratios. Further, even at high

temperatures, the equilibrium concentration of the alpha olefin is low

compared to the other isomers. For a mixed C, stream, at 650° F

reaction temperature, the 1-butene content at equilibrium is 22% with

25 the balance beihg 2-butene. For the hexene s:cream, the concentration

of 1-hexene at 650° F is 8 % with the balance being 2 and 3-hexene.

In a process to isomerize and then fractionate a mixed olefin stream to

recover high purity alpha olefins, the relative volatility between isomers

is very close such that high reflux ratios and large number of separation

30 stages are required. Also with the feed mixture at low concentration,



conpared to the other isoners. For a mxed C4 stream ﬁ%ﬁ&%{oﬁacu on

tenperature, the 1l-butene content at equilibriumis 2 e bal ance
bei ng 2-butene. For the hexene stream the concentration of 1 -hexene at
650 F is 8@ MM he bal ance being 2 and 3-hexene. |n aPpIHEGIEIB,

i somerize and then fractionate a mxed olefin streamto recover high purity
al pha olefins, the relative volatility between isoners is very close such
that high reflux ratios and | arge nunber g@f separation 30 stages are
required. Also with the feed m xture at | ow concentration, 6 SEPTEMBER 2006

WO 03/ 076371 Pmﬁq%g?g%ﬁ%m%?hi e i ﬁ’lé@llifaﬂow %léehoah§ gé MRS ZRhKicAn

section is requir i ncreases t tower cost an nergy requirenents
even further. |finapased they taver cosit andcendrgy bequicdmevisdevtematurtheni dédnt he

extensi ve recycl e and super- ctionatign for. the production of al pha

ot ims. Cther o VBN THBESS Gopiek PR eraRres Hias s hidedgaR GRranea FHers SR | he
I'nvention The obygeffattibRsticE eseiHe prodaeidPBf kphaCIBfiRY, SRréivdUPbeved
process for the conversion of olefins for the production of propylene 10
froma C4 cub fronsidesaldaeconomihbengfitacki ng process. The invention involves
the auto-netathesis of a m xed normal butenes feed in the presence of a

net at hesi s catal yst and specifically operates without any ethylene in the
feed mx to the dgmmmhpbieré nudhition Some fraction of the 2-butene feed may

be isonerized to 1-butene and the 1-butene forned 15 plus the 1-butene in
the feed react rapidifpewpbjrct ioé the quressid inventintmis 9 aP9vidaearmimprovednt ene.

The feed to the reacto I%o irllcl udesotl’leﬁ recy Iee rof t e 2-pent ene formed
in the reactor \Br?%es&nfoe(gta e HERES i SRS ﬁ?fl ﬁhnB&&é‘F@ f‘o?fr’r?rzf(?(yret Conal
propyl ene ang hexne cl, twRFromeabadiiBRbihet UFBci@hg Procdds. t IRe Tngpne for ned
in the reaction is 20 1sonerized to 1-hexene. In another enbodi nents, sone
portion of the 3nvolves the auto-metathesis of a mixed normal butenes feed in the
presence of a metathesis catalyst and specifically operates without any
ethylene in the feed mix to the C, metathesis unit. Some fraction of the
2-butene feed may be isomerized to 1-butene“apd the 1-butene formed
15 plus the 1-butene in the feed react rapidly with the 2-butene to form
propylene and 2-pentene. The feed to the reactor also includes the
recycle of the 2-pentene formed in the reactor with unreacted butenes
to simultaneously form additional propylene _ and hexene. In one
embodiment, some or all of the 3-hexene fofmed in the reaction is
20 isomerized to 1-hexene. In another embodiment, some portion of the 3-
hexene produced in the main metathesis reaction is reacted with
ethylene to produce T-butene without the need for super-fractionation.
In another embodiment, the 3-hexene product is hydrogenated and
recycled back to the cracking heaters. .
25 In a further embodiment, the prepara;cion of the feed for the
metathesis reaction from steam cracker C,’s involves a system using
catalytic distillation hydrogenation to maximize the 2-butene content

while simultaneously removing the isobutylene in the C, stream.



hexene produced in the main netathesis reaction is reacted with ethylene to
produce 1-butene w thout the need for super-fractionaté¢SETEMBERIN6 her
enbodi ment, the 3-hexene product is hydrogenated and recycled back to the
cracki ng he¥WP&#87637A5 | n a further enbodi nent, the prepar aticarnusosoemése feed
for the netathesis reaction fromsteamcracker C4's involves a system using
catalytic distillation hydrogenation to naxi mze the 2-butene content while
si mul t aneously renoving the isobutylene inothe C4 stream 6 SEPTEMBER 2006
WO 03/ 076371 PCTI USO3/ 06968 10 Brief Description of the Drawings Figure 1

is a flow di agr agpieff Déd@igtiovcestheaDeVilgHg to the present invention. Figure
2 is a flow diagram of the process show ng one 5 enbodi nment of the process.
Figure 3 is another fhigwed] &g? Arvsaiagienyohs: rreressnirsardiagto dne Pf%@”grocess
Wi th co-pr oductiigoeﬁze‘i 1-butene via feedstock isonerization. Figure 4 is a
fl ow di agram of an enbodi ment of t he process with a reactive neans for
production of high pufigtse 12 bist @nélowl Odikgigu eofs the @rddezw dhagtimgn ofie an
enbodi ment of_ the Bro,cess fshown in Figure 1 wherein C5 and CO streans are
hydr ogenat ed Band®mMPaeyRe e e HeC8FSacki ng process. Figure 6 is a flow

di agram of a process BeGRy diidgndthet ﬁ@wﬂfié‘&rﬁ%sh&vﬁﬁﬁ%%r@ﬁ%&%?@ﬁi pe a C.

G
to C. cut for propyl eng production by the aut o- net at hesi 2- but ene.

Descri ption of tthe Poeésy with E&nbrdiugtion oTAebyiers eiat feedstockiiznmenmadiones t he

t o- net at hesi f . tigll | _but. Th I
but one Stroam | s 20 GGG 18P ERETR 178 LRRUTPRAET RES BIAReAS HATH ho

linear ol efins 15208t%e means for production of high purity 1-butene.

10 Figure 5 is a flow diagram of an embodiment of the process
shown in Figure 1 wherein C; and C; streams are hydrogenated and
recycled to the cracking process.

Figure 6 is a flow diagram of a process according to the present
invention for treating a C; to C4 cut for propylene production by the

15 auto-metathesis of 2-butene.

Description of the Preferred Embodiment
The present invention involves the auto-metathesis of an
essentially pure normal butene stream. The normal butene stream is
20 essentially pure in the sense that it contains the linear olefins 1- and 2-
butene in any proportion but does not contain any significant quantities
of other olefins including isobutene. However, it could contain paraffin
components which are inert in the metathesis reaction. This stream is
admixed with recycle pentenes formed in the metathesis reaction.
25 Although the auto-metathesis portion of the érocess will be described
in detail later, it involves the rapid reaction of the 1-butene with 2-
butene to form propylene and 2-pentene, the simultaneous isomerization
of some fraction of the 2-butene to 1-butene and the reaction of the
recycled pentene to form additional propylene and hexene. This

30 preferred embodiment is shown in Figure 1.



butene in any proportion but does not contain any significant quantities of
ot her ol efins including isobutene. However, it could O 'Hﬂ} in
conponents which are inert in the netat hesis reaction. This streamis

adm xed wi tHOP¥YY¥Me pentenes formed in the netathesis reBETUEN/OE Al t hough
the auto-netathesis portion of the process will be described in detail
later, it involves the rapid reaction of the 1-butene with 2- butene to form
propyl ene and 2-pentene, the sinultaneous4ijsomerization of sone fraction of
the 2-butene to 1-butene and the reaction of the recycled pentene to form
addi tional propyl ene aad sbeagHe, 1HisSs nil RIRLERIAN BHROGLIEY torgnaiown | n
Figure 1. 6 SEPTEMBER 2006 WO 03/076371 PCT/US03/ 06 Bedst ock 10
is a mx of essefhisatdrybpung motuel ofblrbetee. andiHsuteae apd cmyccmtntm@g of

1- butene and 2- bute and n cont but the unt . of

i sobut ene shoul dpﬂr@t é‘éfﬁﬁi@&‘%‘ t‘ﬁé%”&g ﬁJ" taﬂ’éce&de?gip/ Bf %ot
exceed 5% of thefée%eﬁnmfé W@ SreferabDsét Bk @fedyr s% bf Ak fa¥EaRRktdd Bihd t he
feed m xture. This feed 10 is adm xed with a recycle 12 of unreacted nornal

butenes as wél | BEws4 PFBEQEWVQOI@WBeﬁ&%H?f thenteed avixinee. f dbist teedhO is

and 40 at mosphor APt p3pEETS 1% of BoRRE Y AR Bb B BLER WG e ©

cat al yst cont ai npsbyb{e wat d¥ ﬁbrh’fulqaeheafétswndmw iaﬁtrwwmkmwslsrmtaa@daem S
catal yst incl udi ng oxi des of Goup VIB and G oup VII B netals on supports.

Cat al yst  suppor iT8iscrgacty i ogﬁlgatq%/ptsa ammsseubetwersl 2dadAQatnasphares ca,

m xtures thereof ZII’ oI|t dditi to,the metathesis
Caralyver. tresoand PABPHT pellferf Est i arnBydiits, B Ridvig Phidihd

i soneri zati orp 15v~ﬁﬂ{|ﬁ|tw§ redetor ﬁ&y”ﬂ@%ﬁ$l kHOVOX i riletathe i8Rt al P30 MiciRiind he
reaction takes place at _a ten‘Per ature between 50 and 450 C, preferably
bet ween 300 andoX@Escf GrsipeY il sk Grasier VBt meetalsaen skpRerteorfzatalyst of a

supports can be of any type and could include alumina, silica, mixtures

thereof, zirconia, and zeolites. In addition to the metathesis catalyst,

the catalyst in reactor 16 can include a double bond isomerization

15  catalyst such as magnesium oxide or calcium oxide. The reaction takes

place at a temperature between 50° and 450° C, preferably between

300° and 400° C. The effluent 18 from the reactor 16 consists of a

mixture of ethylene, propylene, unreacted butenes, pentenes {(primarily

2-pentene), hexenes, and small amounts of heavier components. By

20 limiting the extent of iso-olefins in the feed, the quantity of branched
olefins in the effluent is minimized.

The effluent 18 from reactor 16 is sent to a separation system

20. This separation system consists of distillation apparatus and the

effluent is separated into carbon number groups by technology well

25  known in the art. The products of the separatlon system are an ethylene

stream 22 comprising any ethylene that may be present, a propylene

stream 24, a hexene stream 26, a butene stream 12 that is recycled to

the reactor 16, and a pentene stream 14 that is also recycled to the

reactor 16. Purge streams 28 and 30 are used to control the amount

30 of recycle and the paraffin content of the recycle streams 12 and 14 to



m xture of ethyl ene, propylene, unreacted butenes, pentenes rimarily
2- pentene), hexenes, and small anounts of heavier cowﬂﬂgﬁ%&%&?"% limting
the extent of iso-olefins in the feed, the quantity of branched olefins in
the ef f1 ueNYOP37637hi i zed. The effluent 18 from reactor 1BCTESBOMGSt o a
separation system 20. This separation systemconsists of distillation
apparatus and the effluent is separated into carbon nunber groups by
technol ogy well 25 known in the art. The .P%oducts of the separation system
are an ethylene stream 22 conprising any ®thylene that nay be present, a

propyl ene stream 24, a, hexene stream but ane stream 12 at _i.s
recycled to t h@VPédaeY%rlloﬁ?g ilh%reaac %rnﬁgﬁe@“swrggrﬁ%Tfn? %%t Wf’é”c’la{]yfbca}”a!cycl ed
to the reactor pbk6hyBdhatéd emts redycistd t80ther erdtkaty tHeatest B9 with@eanount
30 of recycle and the paraffin content of the recycle streans 12 and 14 to 6

SEPTEMBER 2006 dferuBediagsyin eeryegdon isnéieura - avoj d overl oading t he
reactor. The C4 purge,ghi E:%T%e?ée%'r'h‘?e Hﬂ?ﬂ ey Jﬂ% re%%‘v@% f&%ﬁ@ﬁé&%é@ﬂ
ea be es | at er

recycled to the cracking ers as w cribe I n connection
with Figure 5. 1M tweulgr eitessbs sHntttioegpsdlioe as ta prédudtecovescdd peithenes
stream 5 14 would either be sent t asoline as a product or reacted with
ethyl ene to for rﬂtﬁﬂéf‘?iteﬁafmﬁdgﬁﬁﬂr@ﬂég%m’ge“f-Wf?érﬁé’tﬁﬂﬁvﬁg‘q'E%I‘Ef'PBh:

2- pentene + ethyl ene-4 propyl ene + 1-butene 10 However, if it is desired to
mnimze or elimnate ethylene as a feedstock, then the reaction of the
pentenes with ethyl ene wodl-gemehe be etioyiase eepeshbyléne therbute@act i ng t he
produced pentenes with ethylene adds an additional processing step. In the
process of the present invention, the pentenes are recycled to the main

metathesis jgactor 16,M0ers R j1%ebRaL S MnRlizb N SRYBE Supantepe i th
1-but ene occurs according t6: 2-pentene + 1-butene -3 propyl'ene + 3-hexene
feedstock, then the reaction of the pentenes with ethylene would not be
considered. Further, reacting the produced pentenes with ethylene adds
an additional processing step. In the process of the present invention,
the pentenes are recycled to the main metathesis reactor 16 where the

15  reaction of the formed 2-pentene with 1-butene occurs according to:
2-'pentene + 1-butene - propylene + 3-hexene

To the extent that there is isomerization activity within the catalyst
20 system in reactor 16, some of the 2-pentene is isomerized to 1-pentene

and this can react with 2-butene according to:
1-pentene + 2-butene > propylene + 2-hexene

25 The recycle of the pentenes stream tc; the metathesis reactor
where there is no ethylene feed results in several major advantages:
a. The selectivity to propylene is dramatically
increased. The reaction of butenes via the reaction
1 butene + 2-butene > propylene + -2-pentene

30 produces 1 mol of propylene per two mols of butene



To the extent that there is isonerization activity Wt@%ﬁ?#@f ca gl yst 20
systemin reactor 16, sone of the 2-pentene is isoneri BER 8%t ene and

this can react with 2-butene according to: 1 -pentene + 2-butene -1

propyl ene VO ¥¥e 25 The recycle of the pentenes streaRfTHS¥E%%et at hesi s
reactor where there is no ethylene feed results in several mjor
advantages: a. The selectivity to propyl$$e is dramatically increased. The
reaction of butenes via the reaction 1 butene + 2-butene -3 propyl ene +

2-pentene 30 produces 1 npl .of propylene. . two..nol s of butene 6 SEPTEMBER
2006 WO 03] 076371 PCT/ USOSrTEHe & T4 % 4 %’BﬁBSS‘FCS‘r}g‘?%v%PBM@”Sel ectivity to
propyl ene. By adding recysyedatif &tg6le ey @ daskticataddity teact i on

2-pentene + 1-butene 3 propylene + 3- hexene, the overall net reaction
becomes 2 1-butene 5 + 2- BABEHRD 3-Rendenshyi dnluteng-RaxeR¥lenthirs3has a 50 %

wei ght selectivity to pr O%x@ﬂ&‘thgio%g@ R Q8GR NREEA%ks £ 1MLy al uabl e than

pentene as a co-nononer for polye ne production (after 1sonerization
to the al phabol efin). 10 c+ Zheat@reotultprbpyene + 3-akzgena Mbhischaal uabl e
pyrolysis feed than pentene since it produces nore ethylene and propylene
per unit of fuel than eitfePOplnieight splechyitehe PrepylatRre is no second

reaction step reduir g (f oA b¥uct RoinPRNEEALIARALICEHIN! SifdagS 11 TS in

sone processes that atte 0 increase propylene selectivity by
processi ng C5's. as a co-monomer for polyethylene production (after

isomerization to the alpha olefin).

10 c. The product hexene is also a more valuable pyrolysis
feed than pentene since it produces more ethylene
and propylene per unit of fuel than either pentene or
butene.

d. There is no second reaction step required (reaction

15 of pentenes and ethylene) as it is in some processes
that attempt to increase propylene selectivity by

processing Cy's.

The following table presents an example of the shift in selectivity
20 associated .with recycling the pentenés producedl in the primary reaction.
Reaction for all these cases used a catalyst consisting of WO, on silica
but no.double bond isomerization catalyst admixed with the metathesis
catalyst. The WHSV was 12 {wt butene/wt WO,-hr) , the temperature
was 343° C and the pressure was 5 barg.
25

30



The follow ng table presents an exanple of the shift in_selectivi 20
associated with recycling the pentenes produced in théSS&PiTHWergéPgti on.
Reaction for all these cases used a catal yst consisting of WO3 on silica

but no. doWMQ®BOKEAY i sonmeri zation catal yst adm xed with tH/PR9%/88%%Esi s

catal yst. The WHSV was 12 (wt butene/wt WO, ,-hr) , the tenperature was 343
C and the pressure was 5 barg. 25 30 6 SEPTEMBER 2006 WO 03/076371

PCT/ US03/ 06968 14 Run 125 148 119 150 Fged nol % 1-Butene 25 28 98 93 2-
Butene 75 1 50 0 O Iso-Butene 0 0 2 2 2-Pentene 0 20 0 5 n-Butene
conversion nmol %35 4RK(y# 45 Selectivifty mpls Vo Et hyherle 3 4141 41150
Propylene 48 51 (7 9 2-Pentene 44 29 8 0.6 3-Hexene 5|15 43 48 Heavier 1
1.4 Run 125 is al Fessldmal & a hi gh anount of 2-putene in the fegqd. Wien
reacted with no pentene—reeyecte—converstonsSt35—%wtih—atmgst—e i nol ar
production of pr o)glﬁ”é?\'ée and pentene by fhe r%%:ti on: 1- but gﬁe + %¢tene-)
pr opyl elne + 2-pensERBtdReN 148 replaced sone of [t he 2gput ene wotlh 2-p@1\tene
to sinmulate

Iso-Butene 0 0 2 2
2-Pentene 0 20 0] 5
n-Butene conversion mol % 35 48 44 45

Selectivity mol %

Ethylene 31 4 41 41
Propylene 48 51 7 9
2-Pentene 44 29 8 0.6
3-Hexene 5 15 43 ' 48
Heavier 1 1.4

Run 125 is a feed with a high amount of 2-butene in the feed.
When reacted with no pentene recycle, conversion is 35 % with almost

equal molar production of propylene and pentene by the reaction:

1-butene + 2-butene - propylene + 2-pentene

Run 148 replaced some of the 2-butene with 2-pentene to simulate
recycle of this component. As can be seen, the net pentene produced
10 decreased by 34% (44 to 29), the propylene increased by 3% and
hexenes increased by a factor of 3. Significantly, the butenes’
conversion also increased from 35 to 48% which results in an even
greater yield of propylene and hexene.
Run 119 represents a C, feed with essentially pure 1-butene feed.
16 Under the same operating conditions, the conversion is about 45%.

However, the selectivity of propylene, 7%, and pentene, 8 %, are low



recycle of this conponent. As can be seen, the net pentene produced 10
decreased by 34% (44 to 29), the propyl ene increased by SBPTEMBEReSMmNES

i ncreased by a factor of 3. Significantly, the butenes conversion also

i ncreased W@M/B87M0 48% which results in an even great epcyiusdsthessh

propyl ene and hexene. Run 119 represents a C4 feed with essentially pure
1-butene feed. 15 Under the sane operating conditions, the conversion is
about 45% However, the selectivity of 2r5opyl ene, 7% and pentene, 8 % are
| ow 6 SEPTEMBER 2006 WO 03/076371 PCTI USO3/ 06968 15 reflecting the high

concentration OfeflecBHb&RE High EJS‘ﬁcé‘nQr’%@ioﬁqu it B&hh@_@# 194 fe@é{nosﬂ?ecl'afck Gt

i sonerization catal yst admXxed with the esis cat In run 150 ,
sone' of the 1- but/ealeem‘écrtsphmedtlwthamlypena@ne(ed 'ﬁhiéhatimmheta‘th@snsentene

is slightly less_than the 2- tene duced 5 in the r n of run 119.
The conversion F@%\fsﬁednéggégf raﬁqu)egm iZ’N@eneTﬁéeP'é'E?/‘i t"bg “ReREEFent ene
does two thingsThihensehest DidenYer® is @@hﬂ%né&oma%n@uea%ehw&o%%ea ncreased
reflecting the reaction of 2- pentene wt but ene. Secondly, by having

2- pent ene pr2seirt the redasiorf ebdun t1HS.- ed@elqwecmvm ga@ined essebtiplly dhe wit h
2-butene (formed som&wz i on f lbut ver. t met at.hesi

catal yst itsel ffamé L&‘J%b‘?cé'g P{%B% tERe ﬁig?s tg’ gﬁ?gelpgfwg %s a
final reaction ppf@HEHyledPdbh@mixkte a$@mr%seeh@f@cﬁﬁ@ttﬁa&emmoPQ-
hydrogenated and recycled to the cracki ngbyPeat ers as shown in Figure 5 to

be described | as@teneMéthbgtqneonSemdﬂm hadng %pemnalmes;m iarthel i near
ang s 10 v oy 4000, SRR oL RSn BY ERUBI, i, RS FRER "% g
i sopent enesmndlsvo)ﬁ%r@za%ncwmmﬂane I dswérheh@rrﬂaechtﬁeab ehtdii® RegeNnt
invention shown in Figure 2, sone or all of the hexene product 26 follow ng
t he separation §u@;p,regged Thus in net, no pentene is formed as a final reaction
product. Optionally, some of the 2-pentene could be hydrogenated and
recycled to the cracking heaters as shown in Figure 5 to be described
later. The Cs's from the metathesis of C, olefins are linear and thus
15 have a good potential for pyrolysis. Cg's directly from the cracker
contain only limited normal pentenes with over 80% typically being
isopenten'es and cyclo C; compounds.
In the embodiment of the present invention shown in Figure 2,
some or all of the hexene product 26 following the separation step 20
20 s sent to an isomerization reaction system where 1-hexene is produced.
1-hexene is a valuable co-monomer for polyethylene production.
Effluent 26 is mostly 3-hexene resulting from the reaction of 1-butene
with 2-pentene to form propylene and 3-hexene or the reaction of 1-
butene with itself to form ethylene and 3-hexene. This stream 26 is
25  split with some of the 3-hexene purged at 3}2 as a product and the
remainder 34 being sent to the isomerization step. The stream 34 is
admixed with recycle 36 and -passed to a heat exchanger 38 and
preheater 40 where the temperature is raised from the fractionation
temperature of approximately 38°C up to the range of 300 to 450°C
l30 and preferrably about 345° C. Pressures can be from 1 to 20 atm and



20 is sent to an isonerization reaction systemwhere 1-hexene is produced.
1- hexene is a val uabl e co-nononer for polyethylene pr o&&E?TWBERE&PI uent 26
is nostly 3-hexene resulting fromthe reaction of 1-butene wth 2-pentene
to form pr %@P%W@”énd 3-hexene or the reaction of 1- buteRETHAPPPIBsel f to
form et hyl ene and 3-hexene. This stream 26 is 25 split with sone of the
3-hexene purged at 32 as a product and the renainder 34 being sent to the
i sonerization step. The stream 34 is admeed with recycle 36 and passed to
a heat exchanger 38 and preheater 40 where the tenperature is raised from

the fractionati @refeipartt L0 atrdl EHEEOMeBAtRINYred8tde 4 cbitairiea Hange of 300
to 450C 30 and preferrably about 345 C. Pressures can be from1l to 20 atm
and 6 SEPTEMBERP20E64sor@hidation £asa{StmemrIsig abesis matgl pxide spahey Mg®o 10

atm The isoneri i r i : j Rl ion
catal yst conpri g?%é(grbga@?gh%t éferg@é@a ﬁ%%rgﬁy%gglgrgpugyoﬁgggmhé%r es
t hereof and pr ebaidebds/ desdribgh iputhe tpyeviass!g nmattained dXiSd @agentdespiicalied i n t he

i I ti u S l.icati .5 Serial No. 09/863,973. Und
Phese high tBmpeeasiNg: Do i Dher Bieshdugn S meeTatuifera vttt ther xt ur o
of 1-,2- and 3- hexsnss i8MsbasaR0to 4 HiRked of e 20eal RKeaGNISINBadsedt he

fractionation tower 44. The overhead 46 of tower 44 1s a high purity
1- hexene streamthrooghbcthe Tikat exohanges 3% tof theofractidratien domiexedd 2 Thand

3-hexene streamthat is, 10 recycled back to.the isonerization step,for

addi ti onal convé’f’g%ﬁdi%ﬁle {%f!ry%%ﬂsea Qﬁe%gﬁtﬁ'wet%mpr%o&ﬁ&s are
formed in the pioRiYs IEbALBREF %4 BAGIHRRISEEANd B-ABLef REBENEMHdtYis.

addi ti onal heavier conponents are fornmed in the isonerization reaction step
42. These at@ reswbled back tpuhgdssmedzatiot8stepsior el ditidradicopmersadn trite

gz\éegf Ihce))r(] eﬁg?vgivh@@l;lfgfﬁ%fg'ﬁéns gtqg{e }t1eha%iecr%_orrppro%g1 (s:talreo ?or?r]:e irnot‘%\ellp?{r]r?éryl_ but ene

metathesis reaction step 16 and subsequently additional heavier
components are formed in the isomerization reaction step 42. These are
removed via purge stream 48. '
15 The embodiment of the invention shown in Figure 3 is for the co-
prod‘uction of propylene, 1-butene and 1-hexene. Since both 1-butene
and 1-hexene are important co-monomers for linear low density
polyethylene production, sometimes it is desirable to produce both. In
this embodiment, some portion of the mixed n-butenes feed 50 is
20 heated at 52 and 54 and isomerized at 56 to convert a portion of the 2-
butene to i-b,utene. The isomerization effluent is then superfractionated
at 58 to separate a 1-butene overhead product 60 and a 2-butene rich
stream 62 as a bottoms product. Dependent upon the extent of 1-
butene product 60 desired as a fraction of the C, olefin stream, either
25 some of the fresh feed is bypassed at 64 and}or more or less of the 2-
butene rich bottoms stream 62 is recycled at 66 to the isomerization
step 56 and reacted to form additional 1-butene. The remaining
quantity 68 of the 2-butene rich stream is sent to the metathesis
process of the present invention as shown in this Figure 3 and as

30 explained in connection with Figure 2 for the production of propylene 24



and 1-hexene are inportant co-nononers for |inear |ow density polyethyl ene
production, sonetimes it is desirable to produce both. 6 SBPTEMBER 28bodi nent ,
sone portion of the m xed n-butenes feed 50 is 20 heated at 52 and 54 and

i soneri zedVQ 03836370 convert a portion of the 2- butene toPQI/BY386R88 The
isonerization effluent is then superfractionated at 58 to separate a

1- but ene overhead product 60 and a 2-butene rich stream 62 as a bottons
product. Dependent upon the extent of 1- HBdUtene product 60 desired as a
fraction of the C, olefin stream either 25 sone of the fresh feed is
bypassed at 64 aand drhexene 46, Oses agdint the Qp (Rundrey stredmbdLt dAwansit 2@am 62

is recycled at 66 to the | i zat,i step 56 and reacted to form
addi tional 1- but%rﬁepur?ﬁg aﬁi\%ﬁ]{? Apd a(q){;anti ty 68 of the 2-butene rich stream

is sent to the netathggupe PA6RSSaRTalidhRatRl #2ERE foPViBRE EQRréductipWBsin this
Figure 3 and as 30 explained in connection with Figure 2 for the production

of propyl ene 24 propElETENAERIIE0EGANANDE3LTT63 e nrREd btsessesd 10117 send

1- hexene 46. c ai t he C.. strea 2..14. and, 2 e purged
2t 28,50 and 3ot FRRee’ 8 e B A PustraRetrdiadet Fil 1’ Fosdh: Pon o

propyl ene, 1-but gqie tatl MixBeX G fow thehsipxesbsbusanasgireed dlRrgs B@Rtis 5 to
the process of the present invention as enbodied in Figure 1. For the sane

total mxed C4 fpe tothhengiptesis reacton 1 R goee ngnef Hiegln'sthang Pgensent to
the metathesis L8 edfo ?bnﬁ%-ﬂe{lﬁ%eﬁ’f M +fed afgv@mf.s?ae& arSfEP AL gd to
m ona , a arg

form 1-butene. Fr e conventi segarat or r product  C6

stream 26 is propugecraguet Cestrédm @6 it producgbiers @rssuitof tAe GigHehanfatint | ow.
The hexenes produced are principally 3-hexene. In this Figure 4 enbodi nent,
the portion B4 off theeCaflrdxehbe Iexpaesseipdused aip principally 3-hexene. In this

| soren 221 on SURGLEAG L AREHHANC UL BIRIR 3 01468 Mgy ghnttrane 40

isomerization/superfactionation system to produce high purity 1-hexene
46 just as shown and described in connection with Figure 2. At least
a portion of the bottoms 36 from the tower 44, which is a mixed 2- and

15  3-hexene stream, may be recycled  at 70 to the
isomerization/superfractionation system. The remainder is purged at 48.
A portion 72 of the 3-hexene stream 26 is sent to a separate metathesis
reactor where it is contacted with ethylene 76 produced in the first
reaction step 16. The metathesis reactions at 74 occur as follows:

20 |

3-hexene + ethylene = 2 1-butene

The extent of ethylene formation in the first metathesis reactor

16 is dependent upon the feed mixture and the extent of isomerization

25 activity- within this first metathesis reactorﬂ. If needed, additional

ethylene 78 may be added. This metathesis reaction at 74 takes place

using a catalyst system with low isomerization activity and under
conditions that favor minimizing secondary reactions.

The effluent 80 from the metathesis reaction 74 now contains

30 primarily 1-butene along with smaller quantities of unreacted ethylene,



a portion of the bottons 36 fromthe tower 44, which is a mxed 2- and 15
3-hexene stream may be recycled at 70 to the 6 SEPTEMBER 2006

i sonerization/superfractionation system The remainder is purged at 48. A
portion 72 dYOPHE6Y1lhexene stream 26 is sent to a separ at e PORAUBIINRBSISS
reactor where it is contacted with ethylene 76 produced in the first
reaction step 16. The netathesis reactions at 74 occur as follows: 20
3-hexene + ethylene -3 2 1-butene The exteI of ethylene formation in the
first netathesis reactor 16 is dependent Batpon the feed m xture and the

extent of isonmerization activity within this first at hesi s reactor.
T noeded,  add: ¢ POIRNSTBy 77 PeREe B DS h B B Iob SRy AR LeRe 2081 on at
74 takes place ggisngtedefmdi/ali ¥is bverhehe BWrdrA th QM iBA0BBYihg aht PBtRRid 86ty and
under conditions that. favor m nim zing secondary reactions. The effluent 80

from t he met at he§PBtaiRiagtthenCat srinpenaitsi nde Bottpmismareithgnisepatasad ial ong

with smaller quaptiti f I TE 200
03/ 076371 PCTI US é%%%égo%gﬂ%(ﬁgﬁ%@ﬁ&%%ﬁﬁ[}@eﬁ@? %‘gﬁ’é ﬁ?‘aﬁ‘a%%& ed
hexene. The efhylognweainshd 93'is s atednnieder 340ves headtidelyfgupentiovenhe 84

| eaving the bottons 86 containing the C4+ conponents. The bottons are then
separated in toR¥EPTERAI®a0EiankPtieras 88 erndpinit2dutang ap@ oossiPhheamens 92.

The 5 C4 over hea, 00,J sSRGEA! B 38 LWL ASbL IR, d B Ad ¥ELYSDURS

1- butene overhea ontal ni ng ne an pOSS|BIy sone

butane. If desiraigh ptety21Bitene stenndd®es censiclend with Phetprefesentse hi gh
purity 1-butene stream 96 is consistent with purity requirenments for
pol yneri zati on r écRYymesgationrrrackitfesds The b&i"‘é’”&*’eéa@é@ &8paratacoifeiowisy 100

L0 2, 1ouf Do OO R LB THAP g BIHE) 98 rblobl
. in the process. The cost in both capital and energy for the extensive
isomerization and superfractionation system is avoided since instead of
a moderately low 1-butene concentration in the C, stream, stream 90
is essentially pufe 1-butene.

15 In addition, the process that sends the greater amount of the C,
olefin stream to metathesis and subsequently uses a small amount of
ethylgne in the metathesis of 3-hexene, produces a substantially greater
amount of propylene compared to the process that splits the feed with
some portion to isomerization to produce 1-butene and the other portion

20 to metathesis to produce propylene and hexene. This can be illustrated

in the following example.

A mixed butene feedstock is fed to the process of Figure 3 or the
process of Figure 4. The material balances for these cases are shown

25  below.



i somerization and superfractionation systemis avoided since instead of a
noderately | ow 1-butene concentration in the C4 streamssgprERABERQ006 S
essentially pure 1-butene. 15 In addition, the process that sends the
greater anomos/ekstithe C4 olefin streamto netathesis andpggRReHiesat | Y uses
a small amount of ethylene in the netathesis of 3-hexene, produces a
substantially greater anount of propylene conpared to the process that
splits the feed with some portion to isonerization to produce 1-butane and
the other portion 20 to netathesis to prodfce propyl ene and hexene. This can
be illustrated in the follow ng exanple. A m xed butane feedstock is fed to
the process of Figure 3 or the proceb@ues 3fiapgre 4. The material bal ances
for these cases are showmn 25 below 6 SEPTEMBER 2006 WO 03/076371

PCT/ US03/ 06968 19 Figure 3 Case Feed to Feed to Conbined Metathesis C4

| soneri zati on Feed Feed nol{ hr FeddRot ene 670 F3dd t6001 2- butemdire8 31 555
Total Butenes 1189 367 1556 | Et hyl ene, O 0 Total QO efins|{1189 367 1556
Inerts 554 105 [659 Total fepedMetathgsis7o| 284dsomplizgtian Pl oductBeedhol / hy
Feed
mol/hr
1-butene 670 331 1001
2-butene 518 37 555
Total Butenes 1189 367 1556
Ethylene 0 0
Total Olefins 1189 367 1556
Inerts 554 105 659
Total feed, : 1743 472 2215
mols/hr

Products, mol/hr

Ethylene 16
Propylene 509
1-Butene 356
1-Hexene : 239
Olefin in Purges "~ 436
Inerts 659




Et hyl ene 16 Propylene 509 1-Butene 356 1-Hexene 239 Qefin in Purges 436
Inerts 659 6 SEPTEMBER 2006 WD 03/076371 PCT/ US03/ 0695 EPTENBERAING 4 Case
Feed to Feed to Conbined Metathesis C4 Isomerization Feed Feed nol/hr

1- but ene 190130768001 2- butene 555 0 555 Total Butenes INIFD3INGEH

Et hyl ene 260 0 260 Total A efins 1816 1816 Inerts 659 0 659 Total feed,
2475 0 2475 nols/hr Products, nol/hr Ethylene 19 Propyl ene 1044 1-Butene
357 1-Hexene 1238 defin in Purges 158 2Pnerts 659 5

Figure 4 Case

Feed to Feed to . Combined
Metathesis C, Isomerization Feed
Feed
mol/hr
1-butene 1001 0 1001
2-butene 555 0] 555
Total Butenes 1556 0 1556
Ethylene 260 0 260
Total Olefins | 1816 , 1816
Inerts 659 ' 0 659
Total feed, 2475 0 2475
mols/hr
Products, mol/hr

Ethylene 19

Propylene ' 1044 |

1-Butene 357

1-Hexene 238

Olefin in Purges 158

Inerts 659

5
Product Olefin Selectivity % (purge olefins removed)
Ethylene Propylene ﬂ'1 -Butene 1-Hexene

Figure 3 1.4 45 .4 31.8 21.3
Figure 4 T 63.0 215 14.4

The basis of this comparison is an equivalent production of 1-

butene and 1-hexene comonomer for linear low density polyethylene



Product Oefin Selectivity % (purge olefins renoved) Ethylene Propyl ene
1-Butene 1-Hexene Figure 3 1.4 45.4 31.8 21.3 Figure68ERTEMBBRO0E]1.5 14.4
The basis of this conparison is an equival ent production of 1- butane and
1- hexene cov@oTed71for |inear | ow density pol yethyl ene 6 BERUENBENRS2006 WO
03/076371 PCT/ US03/ 06965 21 production starting with the sanme quantity of
C4 olefins. For the Figure 3 case, approximately 45% of the feedstock
olefins (C4's) are reacted to propyl ene. 2the purge of C4 olefins is
relatively high (436 nols/hr_ or 28%of the total C4 olefins in the feed).
Thi s si gni fi cant PRdugEoBstatiagwkh she samp qyaptitydeieCy glefine. dior the fiigures in
separating the fi 1 h | J : For
the Figure 4 cass SsprBn TanalY a5 o Rec il PSSR Ere i 17y
are reacted to ptopydmiene. Nohe pubhge ot B¢ oktfimglie naatigely rnigh (42 tmalg/hwiot h

butenes as is th se in conyentional nefathesjs but 10 reacts,wth the
product 3- hexenegsﬁ/?a\lo?ﬁri‘%t‘gégéﬁ Otif‘f‘%u”bg}e {eﬁfnal‘? S ficant Ruge &%}'B?i ns in

the feed are g eagd g 4reRLESEhE ¥ i%unieg?ﬁgeséﬁaki]ggﬁpem HeRSERShehease. In

f
sinple ternms, the conparison can be stated as ows: By feeding 260
mol s/ hr of ethyl pamffinsirmdditodnatreai@8 nol s of 15 butenes can be reacted
(less &4 olefin | oss i:n t he

mol s/ hr of propyl ene. "ghie y u‘frfg?‘h%g'ﬁg arBS‘?PE{‘%gFFIégl@f%@legﬁgﬁ?%ﬁgﬁ‘g{tﬁggﬁ
e TS @GR TR B, o TR IAENE
propyl ene i s prodoteshciinganmitetiutertdsvas i93be cebeat canventioandm2tathegih buapi t al
cost and enef gy Cot o MBI Y AUl ek 8n S IS, A gl 1o AN Emper B¥O! ded:
the C, olefins in the feed are reacted representing a higher efficiency
processing case. In simple terms, the comparison can be stated as
follows: ‘
By feeding 260 molis/hr of ethylene, an additional 278 mols of
15  butenes can be reacted (less C, olefin loss in the purge. This results in
an increase of 535 mols/hr of propylene. Thus by utilizing a metathesis
reaction between ethylene and 3-hexene following the metathesis of C,
olefins without ethylene), the utilization of the C, olefins in the feed is
increased, propylene is produced at an effective 99% selectivity, and
20 high capital cost and energy cost superfractionation of butenes and
butanes is‘avoided. |
As an option to the flow scheme shown in Figure 4, a divided
wall distillation tower may be used to replace towers 84 and 88.
The process of Figure 1 is used to react the mixed butenes and
25 form the products ethylene, propylene, an;i 3-hexene. A further
embodiment is shown in Figure‘5 wherein the 3-hexene stream 26, the
C, purge stream 28 and the C; purge stream 30 are combined with
hydrogen 132 and hydrogenated at 134. The hydrogenation effluent
136 is then recycled and fed to the cracking heaters 138 along with the

30 primary cracker feed 140. The product 142 from the cracking heaters



As an option to the flow schene shown in Figure 4, a divided wall
distillation tower may be used to replace towers 84 and SBBTEMBERpogCcess of
Figure 1 is used to react the m xed butenes and 25 formthe products

et hyl ene, pwopybmsma, and 3- hexene. A further enbodi nent ipeTRRGIMEdsN Fi gure
5 wherein the 3-hexene stream 26, the C4 purge stream 28 and the C5 purge
stream 30 are conbined with hydrogen 132 and hydrogenated at 134. The
hydrogenation effluent 136 is then recyched and fed to the cracking heaters
138 along with the 30 primary cracker feed 140. The product 142 fromthe
cracking heat er 15 REFFBEUENER A00EL 1RAAS/EHOTH, BOY di03/ 06860 22438 i S
processed at 144 to renove H2, s and as well as the C5's, C6's

and heavi er. TheC£®' G’ .S.AﬂﬁddTe@V@(Dnﬂhﬁé& iR ﬂf?@loﬁdwnedLMh hydropgririd@enat i ng
t he but adi ene at 150., The .i.sobut e emov ref erred
method for proce? qﬁ'& regEN g ﬂ%eyt’g%gge ﬂg% r'geﬁf’wzer}ﬁ?a?ré’r@‘
described | ater fdemdea atncszom\méfbrrEugﬂémodeorBh@cewsmgemeéifﬂfu@aﬂ1l4& now an
essentially pure normal butane stream which conprises the feed 10 to the

net at hesi s~ pPocefsem theecragking\iasgerstiasieacritpsiateria %nwrwtw@twethn@wfeom

pyrolysis of theg nq:h'gadrp(éoés]se%ee@%dnovg R glfnfléllgrﬁd {?ﬁ%a Jht%nx,'s?rjeg@ (Ca s

paraffins assunes the'o I'"ns produced eam crac

or metathesis arghlthdésrggnsdsethefetdno ﬁoOthé&ﬁé‘l%ltlﬁ?asmA\bms& hahegbRéwirgf C3/C4
olefins listed includes the 1,3 butadiene. Pyrolysis Yields, wt % 15 n-(4s
n-C5s n-C5s CHAtabie showss ghe yielgpattens. fomayrelysisoighe norael Coafe arsl 7 17. 54

18.07 C, paraffin streams. The yield of paraffins assumes the olefins produced

10 by either the steam cracker (C,-s) or metathesis are hydrogenated prior
to recycle. Also, the total C,/C,/C, olefins listed includes the 1,3

butadiene.

Pyrolysis Yields, wt %

156
n-Css n-Css n-Cegs
CH, 18.3 15.91 12.81
CoH, 44,86 47.61 44.46
CaHe 15.7 17.54 "~ 18.07
1,3 C4Hs 3.43 4.85 497
BUTENES - 2.12 2.95 4.05
BUTANES 5 0.02 0.02
1

TOTAL C,/C3/C4 66.11 72.95 71.55
OLEFINS

OLEFINS/CH, 3.61 4.59 5.59

As can be seen, the total olefins produced from Cz; and C,
paraffins are higher than from the C, paraffins,a A common measure of
feedstock performance is the ratio of olefins which are valuable products

20 to methane which is commonly used as fuel. As can be seen, the Cq
stream is a better feedstock in terms of producing a higher ratio of
valuable products to fuel. It is important to note that C; and C4 streams

directly from the cracker are not nearly as preferred as the C; and Cg



1,3 41-16 3.43 4.85 4.97 BUTENES 2.12 2.95 4.05 BUTANES 5 0.02 0.02

TOTAL C2/C3/C4 66.11 72.95 71.55 QOLEFINS OLEFI NS/ CH4 % SERTEMBER 260659 As
can be seen, the total olefins produced fromC5 and C. paraffins are higher
than from tWMRO¥W6HAr af fi ns. A conmon neasure of feedst ocRCHASIHMNGPBNCce is
the ratio of olefins which are val uable products 20 to nethane which is
comonly used as fuel. As can be seen, the3C6 streamis a better feedstock
in ternms of producing a higher ratio of valuable products to fuel. It is

i nportant to notfeedbtdcke. frarntn&Xathésie forrecyidle @iidethby @untdig cyEeRCKiefingr € not
nearly as preferred as the % and C. ? SEPTEMBER 2006 WD 03/076371

PCT/ US03/ 06968 27 fResafinsclaoth rimamt) stk &dditiopally hapzeae dCacireamly cont ai n
cyclo olefins a i T y e (C6
strean). These ?Qe ucee%tejgzhgm\;rllgpéaﬁrééBi@gﬁér@@%ﬁgﬁg ' r“ghaﬁféggf ?ﬁd The C.
and C. streans €gstreprisdrdrasnstatinesid aredareaannd resit in excebartefekedstocks

feedst ocks 5 once hydrogenated. The option of processing a normal C4 stream
t hr ough net athesPace ﬁmjf 8dt% cracking the excess C. and C6 streans
produces significant i } i i t r IS
produced fromthe m;trg(te ggg:ég@rf gﬁ(égf\?%gﬁg ?’ﬂlsgﬁ@;@n" %ﬁéaﬁ?ltﬁg{urdgt@gwggé‘?ﬁe
followi ng 10 exaepd ereckcfeeectackingi $hé ngxafss1@) @ownd3 oftraames Qdroaluets n ni x

is hydrogenated and. recycle cracked, The products include 47.3 pounds of
ot hyl ene_and 16 SEBUISRALY RO BRTEE PRI TBELS Kt BipvIasrict HEROBRaYi ous

tabl e had a freshoRObRINAUIRAR fe8BH0SONHIS LN Be K latBl MR fMbwAngut ene

to 1 butane. Wth recycle pentenes, the sanme 100 pounds
10  example. A feed consisting of 100 pounds of the C, olefin mix is

hydrogenated and recycle cracked. The products include 47.3 pounds
of ethylene and 16.5 pounds of propylene. The test Run 148 from the
previous table had a fresh normal butene feed consisting a 2/1 mixture
of 2 butene to 1 butene. With recycle pentenes, the same 100 pounds
15 of C,’s produce 2 pounds of ethylene and 38 pounds of propylene. If
the C; and C; olefin streams are then hydrogenated and recycle cracked,
they produce considerably more ethylene and propylene. The
combination of metathesis and cracking is significantly better than

hydrogenating and recycle cracking the C, olefins.

20
Yield as Pyrolysis of | Metathesis of Metathesis of C, Olefins
wt % feed C, Olefins C, Olefins plus yield from Pyrolysis
(as N-Butane of Cz/C4 Olefins
(as paraffins)
Ethylene 47.3 2 2+27.4 = 29.4
Propylene 16.5 38 "384+10.5 = 48.5
Pentenes 0 36.3 0
Hexenes 0 22.7 0
Other 36.3 1 22.1
Total 63.8 40 77.9
C,/C4 Olefins




15 of C4 'S produce 2 pounds of ethylene and 38 pounds of propylene. If the
C5 and C. olefin streans are then hydrogenated and recySERTEMBER2YWS t hey
produce consi derably nore ethylene and propyl ene. The conbination of

met at hesi s vmeB/géxtki ng is significantly better than hydroTyEses9sg and
recycle cracking the C4 olefins. 20 Yield as Pyrolysis of Metathesis of
Metathesis of &4 Oefins W %feed C4 Aefins &4 Aefins plus yield from
Pyrolysis (as N-Butane of C5/C5 Oefins @ds paraffins) Ethylene 47.3 2
2+27.4 = 29.4 Propylene 16.5 38 '38+10.5 = 48.5 Pentenes 0 36.3 0 Hexenes
0 22.7 0 Oher 36.3 ﬂhéﬁrobes?@ﬁahemesﬁammﬂ\ieﬁtﬁn dinploysd@ sfixets ndb U EVMBER

2006 WD 03/076371 P SO03/ 069 t he present invention
enpl oys a mi xed §e Bd’f’qgﬁg 1S ng?ﬁ %ﬁfr{? H&B%%}’@@O?E}f AR SUESOMy 3 ETaHRY ocar bon
cut froma crac F;br‘&ﬁesﬁrsﬁ.ﬁ:ﬁsés s@uﬁhoaﬁu@t@a@arw& cfréémg CWL%ltbétté& i FRf Ng.
[llustrated in ure is a preferred exanple of a system for processing

such a C. to C @ui apreierigot eamnleof argystam fobprosassingsdch lanCs tn €; syt em
e o 10, o ghocth bl thet A BHALNS rdlld TRV RN, (O BPK, 558

but ane, 1- butene But ene "1 a0 ene ene

hydrocar bons as mgttureas 02GoramhsQ@rira iy tepérse, ﬁbpﬁleﬁbXbUfaihelqzbu{%nfe?d al ong
with hydrogen 104 to a catalytic distillation colum 106 contai ni ng

hydr ogenat i on 102watens dsokiane Rutadieneiand aost\enial ydragargoeseamellas i s

preferably Cs and C4 components. This mixture 102 is fed along with hydrogen

104 to a catalytic distillation column 106 containing hydrogenation

10 catalyst and distillation internals. This column 106 is preferably

operéted as a debutanizer, although it could be operated as a

depentanizer, for substantial hydrogenation of the acetylenic and diene

components with little hydrogenation losses of butenes and propylene.

The net overhead 106 contains only very small quantities of acetylenes

15 and dienes and the loss of olefins to paraffins is minimized. Essentially

all of the methyl acetylene, propadiene, vinYl acetylene, ethyl acetylene

and butadiene are hydrogenated to their respective olefins. The

overhead 108 contains propane, propylene, butene-1, butene-2,

isobutylene and some of the C; components. The bottoms 110

- 20  basically contain the remaining Cz; and the heavier components which

are further processed as desired. The overhead 106 is fed to a de-

propanizer tower 112 where the propane and propylene are removed

overhead at 114 and serit for separation and recovery of propar"xe and

propylene. The bottoms 116 contain the C, and heavier components

25 including the butenes. Any residual methyl aaclzetylene and propadiene

which may have been carried over from the tower 106 may be
hydrogenated in this tower 112.

The bottoms 156 from column 112 are C,'s if column 106 is a

debutanizer or a mix of C, and C; if column 106 is a depentanizer. A

30 .small amount of hydrogen 118 and this mixed stream 116 is fed to a



operated as a debutani zer, although it coul d be oper at %%E@%Eﬁmnﬂ%&m ani zer,
for substantial hydrogenation of the acetylenic and di ene conponents with

little hydrQggssesAn | osses of butenes and propyl ene. Th?&%soﬂ(\{sgg ead 106
contains only very small quantities of acetylenes 15 and dienes and the | oss

of olefins to paraffins is mnimzed. Essentially all of the nethyl

acetyl ene, propadi ene, vinyl acetylene, ethyl acetylene and butadiene are
hydrogenated to their respective ol efins.25he overhead 108 contai ns
propane, propylene, butene-1, butene-2, isobutylene and some of the C
conponents. The SF6RYShscaldmn2d Ahsyvhieh yeedst 4P nhyHogeaatd mnyg residdald t he

neavier COMPONe e hidl e S REPARARSH 1 nelBsdeth riecayrhead 106

is fed to a de- propanizer t pr opane an ene are
renoved over hedd@&to kidp ahe sskestivitp highe p@hatdveevws @ f rgciovgsry and apoapane and
propyl ene. The bott ons 1%]6 cont ai n ,ttﬁlg A éamd heavi er, conponents 25

i ncl udi ng t he bRCENEY cajglyst a8 SHRAtVRdPHYYdragensting.enly dhe seatyienasad whi ch
may have beep cgfigh&d over fromthe tower 106 may be hydrogenated in this
tower 112. The bottons 116 from colum 112 are C4's if colum 106 is a

debut ani zer or a m x Tdfe i@ittamd 122 front teusaiud®61 2@ cantpeanpmesidual @y 30

smal | anmpunt of a{;%dro en 118 and this.m X@d streag}.llG IS fetg to a 6
SEPTEMBER 2006 e PRGN SS03) D HY 6 SreVANT A5eL re-IN d8I tHRPre%8F Suhi ch

serves to hydrogepat&n@eViHees] duatent Wtﬁéﬂhﬁnﬁat\efnﬁega_tmewfﬁ;cné%gﬁﬁ hrough

in the overhead fromcolum 106 to keep the selectivity hig ow | evel
of hydrogen and whicowvilhiocregseycatalyst 95 strapm Swlee Blyi imeofpmratiyd od gleeset i ng

O e e o Mo iy Bl ek, e LA

return to the prgCBastess in metathesis are eliminated. Some of the lighter Cy
components can be allowed to pass overhead. The extent to which that
is done depends upon the extent of iso C; compounds desired in the
metathesis feed which ultimately impacts the product purity. The ability
15 to do the bulk of the hydrogenation in column 106 and cleanup in
« columns 112 and 120 using very controlled amounts of hydrogen keeps
selectivity of butadienes to butenes high and avoids losses to butanes.
The ovefhead 124 from the column 120 is the C, components
and is primarily a mixture of ispbutene, 1-butene and 2-butene. This
20 mixture 124 is fed to the catalytic fractionation'column 126 which has
catalyst beds located above the feed in the rectifying section alternating
with distillation trays or packing. Distillation trays or packing are also

located in the stripping section of this column 126. This column 126 ‘
is a hydroisomerization tower and a deisobutylenizer. The hydrogen
25  which was added upstream of column 120 or’.fresh hydrogen which is
added will first hydrogenate the butadiene. Any remaining hydrogen will
- act as a co-feed for the hydroisomerization. The intent is not to
hydrogenate any further so the least amount of hydrogen required is
chosen. The exact quantity will depend upon the amount of butadiene

30 that is carried over and the exact choice of catalyst in'columns 120 and



and control the C5 content in the ultimate feed to thesRBpENER] nit
which wll increase catalyst on streamtine. By incor porat?%n o?a?(ﬁese 10

towers, heayesoPcompounds such a cycl opentenes that ar ggg}[%;/&wst to
process in netathesis are elimnated. Sone of the lighter conponents can

be all owed to pass overhead. The extent to which that is done depends upon
the extent of iso C. conpounds desired in the netathesis feed which
ultimately inpacts the product purity. Theg ability 15 to do the bul k of the
hydr ogenati on in colum 106 and cleanup in columms 112 and 120 using very

control | ed anouns. ofhdydapgege sEeglamnsEL @it thet 1buabnduiadberemdrigeput enes
hi gh and avoi ds | gsses to butanes. The overhead 124 fromthe colum 120 is

the C4 conponent®2-iane §0 gRY gytent fesirad: Byupactino | duhenetre bitena dhe and
2-putene. This @ledbkhlgendth it drshddy 156 Fehithiklibey Lideld BiabkgR col um

126 whi ch has catal yst ocat ed above t In the rectrfyrng section
alternating wi the dogbirld 480dar feedyt® the mpatadthesis r&ictdr Isl mbkipnizéd.ays or

packing are also logated in the stripping section_@f this columm 126. This
col um 126 Efas a hyd&é‘?sB Pz WCSH"‘?O‘\PA‘/Je ﬁ%rﬁﬁ’?‘ﬁnﬂeﬂ-g@blﬁ JP effimRNe thee

hydrogen 25 whi ﬁ%bm@QQ%eH@%EH%Wh%MHBU%Q Mviég%swx% gRra Wwhich

is added wll rst hydrogenate the butadi ene. Any renai ning hydrogen w ||
act as a co-f eedofitentt Wéhehy-dobersobmits atad lcomer fEhgparatizatthas thol-butene

hydrogenate any fuyrther so the | east ampunt, of K hydrogen required i chosen.
The exact quant ?f‘g 1itkhulsl vy p"@ﬁg [Ppé‘ﬁet'ﬁ'et%ﬁ[ﬁﬁm@@t'ﬂﬂt%‘gf‘gﬁb%i"@-t hlgtﬁei s

carried over ang hheefXaCthehghvest %uﬁgt 8f ¥8E hiktufPHANR Il 20h&NE §o
SEPTEMBER 2006 WO 03/076371 PCT/ US03/ 06968 26 126. The advantage™of col um

126 is that1Q- boverheadmy hee2-butemeris frectiortated frbut theemixdumngncbistremovedsi r ed.
138 are. m ni m 288 B POHETDUEAACt ] S0 neRBotRoreb TS0 Por YD dhe

net at hesis r eaCF&ftif{/iﬁgr@@ki%aﬁ@ontact with the hydrogenation catalyst and in the

presence of the extremely low quantities of hydrogen, at least some of

the 1-butene is isomerized to 2-butene which then moves down the

15 column. Moving up in the column, the distilla‘gion fractionation of the 1-

butene increases due to volatility but it is subsequently isomerized to 2-

butene. The equilibrium driving force for the isomerization of the 1-

butene increases, as the 1-butene concentration increases by

fractionation and the product 2-butene is continually removed from the

20  equilibrium zone as it moves toward the bottom of the tower. The net

result is that a large portion of the 1-butene may be hydroisomerized to

2-butene. This reduces 1-butene losses in the overhead 128. Although

the process as described for processing the feed to obtain the

essentially pure metathesis feed is preferred, alternate processes can be

25 used. As one example, the isobutylene may .be removed by reaction

with methanol to form MTBE.



5 One of the functions of the columm 126 is to renove the' isobutene
overhead at 128 with the isobutene having a | ow 1-but esSEPTEMBERR006The 1
-butene boils at a |ower tenperature t¥an the 2-butene and thus will tend
torise in the fractionation colum 126. The isobutene is the |owest '
boiling of the mxture and will tend to go 10 overhead. The 2-butene is
fracti onal edA proressifer thatconeesioh of arreimoverte fesd tdretabing dotphricdutdnel30. As
the 1-butene rises through the rectifying section in contact with the

hydr ogena@N@R3-RutearyiotPrapylens Wr'%ﬂéihﬁégﬁfoﬁi he extrenely | ow quantities

of hydrogen, at_|ea - LS, i.sonerized to 2-butene which
t hen noves dowLa)I he%%gaﬁg:%@ﬁ]n-%}gpéd%gée#ﬁ %?épéﬁqelﬁ]ﬁnéegh’é‘?%iagti | I ation
fractionation of thgulomBtitRBSs| RHEFSES @lﬂﬂa_&ﬁ)_v\ﬁ% aji He,ttHatl?l‘é%ifs' tis
subsequently isonerized to 2- butene. The equilibriumdriving force for the
i somerization of theatdlydiumbeechynceghdebutene thd 2-butee@ereachaentrati on
increases by fractionation and the product 2-butene is continually renoved
fromthe 20 equili bf@iifh P6eRYlERE | Bngp\leBeRtOREr dBnthesaidt opei@Nehe t ower. The

net result is that | arge portion of th - but ene.may be hydroi soneri zed
Lo 2 butene. Thie SEAATEELDNIENL-tUSE0edoi AT IAOGNGR| AXBPYIERe Al ¢ hough
t he process as descrhgeﬁht&én@rocessi ng the feed to obtain the essentially
pure netat hesis feeg I's preferred, alternate processes can be 25 used. As

one exanple, t iS@g%ébé'tiﬁgetﬁ@ﬁﬁhfén'tQ‘Fmﬁeﬁi@kl}tﬁﬁ‘l@tétﬁ@sisVYietabthEt hanol to
form MIBE. 6 SEPTEMBER 200 27 1. A process for the conversion of a

n- but ene feed cont intong propylefe prodoet staeam? -doutiereacted prlogiehene conpri si ng
the steps of: (a) passing said n-butene feed and a 2-pentene feed into an
aut onet at hesi s reactB€aMh 8oAtRAIENE t HredMeRdt ReBraducadd1geNenher eby said
% gg;tegﬁeand 2- ?Ute%re%ﬁwa}catnoto form propyl ene and 2-pentene and said

(c) recycling at least a portion of said separated 2-pentene
stream as said 2-pentene feed to said autometathesis
reactor;

wherein said n-butene feed is obtained from a pyrolysis cracking

process and wherein only a portion of said separated 2-pentene stream is
recycled leaving an unrecycled portion comprising the further steps of
hydrogenating said unrecycled portion of said 2-pentene stream and at least a
portion of said product 3-hexene stream and then recycling these

hydrogenated streams back to the pyrolysis cracking process.

2. A process as recited in claim 1 wherein said metathesis catalyst is selected
from the oxides of Group VI B and Group VII B metals.

3. A process as recited in claim 2 wherein said catalyst is on a support

selected from silica, alumina, zirconia and zeolite.

4, A process as recited in claim 2 wherein said catalyst comprises tungsten

oxide on a silica support.



streamreacts with 1-butene to formaddltlonal propyl ene__and 3 xene; (b)
separating the effluent from said autonetathesis react &SEPTFW}ER&"%OWI ene
product stream an unreacted n-butene Bstream a 2- pent ene stream and a
product 3-hexene stream and (c) recycling at least a portion of said
separated_2-pentene stream.as said 2-pentene feed to said autonetathesis
reactor; whdy Broressias eciad dnclaived W'%e"@lﬂ spidedetatbasia TQ?E‘NWS&' gargiedcki ng

Process USATEIEReBbe PR, BLRO AL BB RRATR TR SO

hydr ogenagtipmgsptairels unr ecycl ed portion of said 2-pentene stream and at | east
a portion of said product 3-hexene stream and then recycling these
hydrogenated streans back to the pyrolysis cracking process. 2. A process as
recited in claim1 wherein sai d net at hesis catalyst is selected fromthe
oxi des of6.GPoR[PCEES BSJRAItEY dhﬁaw\ﬁ pheseia sid sempeptyee issindder @digeedf i n

claim?2 gdcata is on.a s r selected fromsilica,

al um na, %E%%pg gr@(ﬁ‘dz%q %ssu&e 'SAfrBFbsggglst atrp %}eéﬁ in claim?2 wherein
said catal yst conprises tungsten oxide on a silica support. 6 SEPTEMBER
2006 28 5. A process as recited in claim2 wherein said netathesis

reaction 7s Acprddess asadtited iraclampeant woenprisindiend Antiseoétebd dof hedbipg and a
pressure from2 to 40 atnospheres. 6. A process as recited in claim5

wher ei n sati ast@ppogian of issid 3-hexeneasyeant to d300ispmeratioantenspardtyreessur e
is from5 tcfyp(]éiﬁat rmspheres rocess as recited in claim2l and

conpri si rN o haid Beadlsd gfh%B?I $Eeam: I eaRiCh Wl o ogrerEatigns- hexene
streamto at‘alySP %FFéreB t3‘ R@xéﬁé’?& i&HEfzed to form a mixture of 1- hexene, 2-

hexene and 3-hexene and separating said 1-hexene as product and recycling

said 2-hexene and 3-hexene back in contact with said isomerization catalyst.

8. A process as recited in claim 7 wherein said metathesis catalyst is selected

from the oxides of Group VI B and Group VII B metals.

9. A process as recited in claim 8 wherein said metathesis catalyst is on a

support selected from silica, alumina, zirconia and zeolite.

10. A process as recited in claim 7 wherein said metathesis catalyst

comprises tungsten oxide on a silica support.

11. A process as recited in claim 7 wherein said isomerization catalyst is a

basic metal oxide.

12. A process as recited in claim 11 wherein said isomerization catalyst is

selected from MgO and CaO and mixtures thereof.

13. A process as recited in claim 7 wherein said metathesis reaction is carried
out at a metathesis temperature in the range of 50 to 450°C and a pressure

from 2 to 40 atmospheres.



and passing said heated 3-hexene streamin contact with an isonerization
cat al yst whereby 3-hexene is isonerized to forma m xt 6SEPBEMBER@8SNe, 2-
hexene and 3- hexene and separating said 1-hexene as product and recycling
sai d 2- hexene and 3-hexene back in contact with said isonerization catalyst.
8. A process as recited in claim7 wherein said netathesis catalyst is
selected fromthe oxides of Goup VI ®and Goup VII B netals. 9. A process
as recited in claim8 wherein said netathesis catalyst is on a support

sel ect Sd' flrmrl@bti;ss\a&s ratied ﬁraqgah rleo/mh@:emdaidﬁ@ltd;ﬂ@sis IEmpArdtuRsie Fsthas

recited in clai erein said netathesis catalyst conprises tungsten

oxi de on dOEQFiO?QOQ(‘R)ﬁ%QQOQQ.SO'ﬂ E{P&Hé%@@g‘?é%i]gééfnioﬁpggf&ﬁm 7 wherein said
i sonerization catalyst is a basic nmetal oxide. 12. A process as recited in
claim1l wherein said isonerization catalyst is selected from MO and -CaO
and m xt uries At beycess as icitedl jor das I wheredt kdiedsdrmeddcaiom témyeearira isiai d
metathesis reaction,_is carried out at a nptathesis t erature in the range
of 50 to 48BEReROR30T iR and e pretwra st sicksoptizalon b rSinSTENEE 2006 29
14. A procegs2@stme®nkeest. in claim 13 wherein said netathesis tenperature is
in the range of 300 to 400C and said pressure is from5 to 15 at nospheres.
15. A process as recited in claim7 wherein said isonerization tenperature
isin the range of 300 to 450C and_the pressure of. said isonerization is in
Lhe range 1t A HOEas8 BB RETAET 15 svhesBhraRb g iR a il PSS it rdne 15

wher ei n sabfgboPEBG 1D th3pRERSSUre is in the range of 3 to 10 atnospheres.
17. A process as recited in claim11l wherein said netathesis catalyst is
selected fromthe oxides of Goup VI B and Goup VII B netals. 18. A
process as,.recited in claim.17 wherein said netathesi.s catalyst i n a
Suppor t Sae B RIACETo G LD S haMei cafh eI Te i s selecied

from the oxides of Group VI B and Group VII B metals.

18. A process as recited in claim 17 wherein said metathesis catalyst is on a

support selected from silica, alumina, zirconia and zeolite.

19. A process as recited in claim 17 wherein said metathesis catalyst comprises

tungsten oxide on a silica support.

20. A process as recited in claim 17 wherein said metathesis reaction is carried
out at a temperature in the range of 50 to 450°C and a pressure from 2 to 40

atmospheres.

21. A process as recited in claim 20 wherein said temperature is in the range of

300 to 400°C and said pressure is from 5 to 15 atmospheres.

22. A process as recited in claim 1 comprising the further steps of reacting at
least a portion of the product 3-hexene stream with ethylene under metathesis

conditions where the isomerization of 3-hexene is limited thereby



19. A process as recited in claim17 wherein said netat
conprises tungsten oxide on a silica support. 20. A plﬁg?Z@Migkrzg ited in

claim17 wherein said netathesis reaction is carried out at a tenperature
in the range of 50 to 450C and a pressure from2 to 40 atnospheres. 21. A
process as recited in claim20 wherein said tenperature is in the range of
300 to 400C and said pressure is from8%o 15 at nospheres. 22. A process as

porti on_ of PERE R RS RRRUE EpMINNT HERR ol PO o R, ©

conditi onsprwhier:éohdeecemmg raviere of a3- tbumeeetréerri.l mted thereby 6
SEPTEMBER 2006 30 producing a reaction product containing 1-butene and
separating said reaction product and recovering 1l-butene as a 1-butene

stream 2 ; t B .sal t: '
cat al st 1 B PREESSs RIR Al B e R Bl o IR P .
24. A pr ocfews ths oxigles oé Erovp Ml BiandPGraveViBmmsetild cat al yst is on a support

selected fromsilica, alumna, zirconia and zeolite. 25. A process as
recited in claim23 wherein said catal yst conprises tungsten oxide on a

silica SUpBPWprogéds s r@E%G‘ﬁ?cl@ﬁn@@%ﬁ&ginisBi&éﬁ dsEi oW%%br??él tathesis

reaction is carried out at a tenperature i1n the range o to 4 and a
pressure fframsiicaoalddinatzrogpierredzedlife. A process as recited in claim26

wherein said tenperature is in the range of 300 to 400C and said pressure
is from5 to 15 atnospheres. 28. A process of claim 22 where the separation

of said regetd Bde%sQQﬂQ"e%l’réé in RE&IHP RBBRG rBirescil \E HE R sMBb I Figd LUiThgsied: A
process as recited in claim1 wherein said n-butene feed Is obtal ned froma

pyrol ysi s @fideRrnmysiligcosseeoref f1 uent cont ai ni ng but adi ene and i sobutyl ene and
wherein said pyrolysis cracking process effluent is processed by catal ytic
26. A process as recited in claim 23 wherein said metathesis reaction is carried
out at a temperature in the range of 50 to 450°C and a pressure from 2 to 40

atmospheres.

27. A process as recited in claim 26 wherein said temperature is in the range of

300 to 400°C and said pressure is from 5 to 15 atmospheres.

28. A process of claim 22 where the separatfion of said reaction products is

performed in a divided wall column.

29. A process as recited in claim 1 wherein said n-butene feed is obtained from a
pyrolysis cracking process effluent containing butadiene and isobutylene and
wherein said pyrolysis cracking process effluent is processed by catalytic

distillation and hydroisomerization for the removal of butadiene and isobutylene.

30. A process as recited in claim 1 wherein a 1-butene product is also obtained
comprising the further steps of isomerizing said n-butene feed containing 1-
butene and 2-butene in the presence of an isomerization catalyst and thereby

converting a portion of said 2-butene to 1-butene and



distillation and hydroi sonerization for the renoval of butadi ene and

i sobutyl ene. 30. A process as recited in claim21 wher 8SRPEEMBERZWSe product
is also obtained conprising the further steps of isonerizing said n-butene
feed containing 1- butene and 2-butene in the presence of an isonerization
catal yst and thereby converting a portion of said 2-butene to 1-butene and
6 SEPTEMBER 2006 31 fractl onating the3kffluent fromsaid isomerization to
recover \ut e ver he ttom ream and
feedi ng. ariabse e Brlens FO% 358 SMRaBngn 1o LhCBnd bt red St Sal

n- but ene feethdésd ea'uob awere athesitiom seesitnadind Béedlﬁgm’rO@@ﬁSb pértivpadft ed in
cl aim 30 whe gl n said t theS| s cat aloyci is selected fromthe oxides of

G oup VI PRI POBORR$IERAM FFAANHPeRe degd e agic @uametangsih 31

wher ei n seégcme_t athesis catalyst is on a support selected fromsilica,
alum na, zirconia and zeolite. 33. A process as recited in claim 31 wherein
sai d netat hesis catal yst corrpri ses tungsten oxide on a silica support. 34.

A process as recited in ¢ i n sai hesis, re ctl nis carried
out at a tEnPePREGH 'ﬁcﬂ*ﬁa 'P&i{j@%w Grei"&SQl'S*déeﬁ e ﬁP@ I'Ses §IRF2 to 40
at nospher @gm 3% oAdBS BEERSURY | B Pt CRbUIVIFE AldTufR4 Wherein said tenperature
is in the range of 300 to 400C and said pressure is from5 to 15

at nospheres. 36. A process as recited in claim32 wherein said i sorreri zation
catal yst i basi nmet al, gxi de.. 3 ocess as,recitted,in claim3
Wher el n sdRd’ SO SATPOHCRdr 4198 o VBPRLERY TRl URR G A ad
m Xtures tsbgbéﬁfsele%&:-d foRT 9IRS BldrAihal AR PrNYRESEBIeOf a n-butene feed
cont ai ni ng both butene and 2-butene to propyl ene conprising the steps of:
(a) passing said n-butene feed and a 2-pentene feed into an autonet at hesi s
reactor in_.contact with met hat hesi s cat.al ys id. 1 -butene and
B3R 3 i DY &
3. A process as recited in claim wherein's meta hes catalyst compnses

tungsten oxide on a silica support.

34. A process as recited in claim 31 wherein said metathesis reaction is carried
out at a temperature in the range of 50 to 450°C and a pressure from 2 to 40

atmospheres.

35. A process as recited in claim 34 wherein said temperature is in the range of

300 to 400°C and said pressure is from 5 to 15 atmospheres.

36. A process as recited in claim 32 wherein said isomerization catalyst is a basic

metal oxide.

37. A process as recited in claim 36 wherein said isomerization catalyst is selected

from MgO and CaO and mixtures thereof.

38. A process for the conversion of a n-butene feed containing both 1-butene

and 2-butene to propylene comprising the steps of:

(a) passing said n-butene feed and a 2-pentene feed into an autometathesis
reactor in contact with a methathesis catalyst whereby said 1-butene and

2-butene react to



2-butene react to 6 SEPTEMBER 2006 32 form propyl ene and 2-pentene and said
2-pentane streamreacts with 1- butene to form additi oAS8EPPEMBER@HE and
3-hexene; (b) separating the effluent from said autonetathesis reactor into
a propylene product stream an unreacted n-butene stream a 2-pentene
stream and a product 3-hexene stream (c) recycling at |east a portion of
sai d separated 2-pentene stream as sai é 2- pentene feed to said

aut onet at hesi s feactor;, (d) _reacti at | east.a portion of sai oduct

- hexene. ot r eanfdim aroevineiets Aanendand Akl 2 BBt e BRER I E

i sonerization obyidnBeawesen iogiditioid] prbpyides ahy IHedne: Nng a reaction product
containing 1-butene; and (e) separating said reaction product and recovering

1-butene as a 1-butene stream 39. A process as recited in claim38 wherein
sai d netat hesi,s catal.yst is.selected .fromthe, oxides of. Goup VI B and
Soup i T B s sarerains Ing SngEnbom ol o BRI Sl 15 S5 ik & e ke

catal yst is on grosuppefdaraetechashctbdonbsichieGiear, t-panterd grerindcadd
zeolite. 41. A process_as recited in claim39 wherein said catal yst

conpri ses t ung$t RAUGk B 6ACST8P M ca support. 42. A process as recited in
claim39 wherein said netathesis reaction is carried out at a tenperature
in the range of 50 to 450C and a pressure from2 to 40 atnospheres. 43. A
process as r ggieesciing at 2o & pomter & saick sdpbrb i Ripaintisee tikedn dsBaid ange of
300 to 400C and saged pressur (e]WLs from? to 15 atnospheres. 6 SEPTEMBER 2006
33 44. A procesBeBENS '8P 18gAiher O eSS 4PAEI%n of said reaction products

is perforned in a divided wall col um.

(d) reacting at least a portion of said product 3-hexene stream with ethylene
under metathesis conditions where the isomerization of 3-hexene is limited

thereby producing a reaction product containing 1-butene; and

(e) separating said reaction product and recovering 1-butene as a 1-butene

stream.

39. A process as recited in claim 38 wherein said metathesis catalyst is selected

from the oxides of Group VI B and Group VII B metals.

40. A process as recited in claim 39 wherein said catalyst is on a support selected

from silica, aluming, zirconia and zeolite.

41. A process as recited in claim 39 wherein said catalyst comprises tungsten

oxide on a silica support.

42. A process as recited in claim 39 wherein said metathesis reaction is carried
out at a temperature in the range of 50 to 450°C and a pressure from 2 to 40

atmospheres.

43. A process as recited in claim 42 wherein said temperature is in the range of

300 to 400°C and said pressure is from 5 to 15 atmospheres.
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44. A process of claim 38 where the separation of said reaction products is

performed in a divided wall column.





