WO 03/ 076371 PCT/ US03/ 06968 Process for Produci ng Propyl ene and Hexene
fromC4 Aefin Streans Background of the Invention 5 The present invention
rel at es twotoh®7gsrocessi ng of a C3 to C6 hydrocarbon cut fPCamsas/emaski ng
process, such as steamor fluid catalytic cracking, primarily for
conversion of C4 and C5 olefins to propylene via auto-netathesis. In

typical ol efin plant Prochaieids PRotLRMhgePEb S At Blext@jet he 10
renoval 'of nmethane and hydrogen foll owed by a deethanizer for the renoval

of ethane, ethylene and C2 acefpdr@ne, OhefiRoStr@@mbrom this deethani zer
tower consist of a m xture of conpounds ranging in carbon nunber from C3
to C6. This mxture is separated into different carbon nunbers typically
by fractionation, 15 The ut, primarily propylene, is renoved as product
and is ulti n&aéf‘?r of gge f%“&%&ducti on of pol ypropyl ene or for chenical

synt hesi s such as p I, Qe r-aC Ltrile. Fh hyl

acetyl ene and propg{él%e L&Eémgé){)/g?nn%ﬁ??%?%s t?rutg'? 'B%dc(r%ggr’rlﬁ)1 e ]eéai %-Eﬁgtron%

fracti onati onhgdrdyatbogeaat ifoom bydmegenatirotedss puef ersr etesmhnee fagge 20 of

t hese highly unsaturated C3 conpounds end up as pr oEyI ene t her eby

i ncreasi ng t h&33A'¥tig. crpRkings RiiPatyn&es copyewiortpiabet ndfes oldfitsadpene,

i so and norma ] 1 nor mal butane can be processed in many
gfﬁ”%ﬁ@‘%ﬁa ag’gkgg*resfg‘c[@cégﬁ.

ways. A typi steam cr contains the foll owi ng conponents in
25 weight % C4 aced yysieasolefiagstantiytibdiccizea $3W-chdotdpathahe2ér3@r 2nbut ene

% 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 C;. 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
acetylene 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% WO 03/ 076371 PCT/ US03/06968 2 iso & normal butane 13%
Conventionally, it is common for sonme of the products of the streamto be
separ at edwarvd/ordsel bal ance recycl ed back to the ol efi ns uniPCTIE03/0868
pyrolysis or sent offsite as an olefinnic product. The C4 acetyl enes are
first renoved by sel ective hydrogenation foll owed by butadi ene extraction.
Alternately they are hydrogenated al ong 2v t h but adi ene to form butenes.

| sobutene can be renoved by fractionation, by reaction to nethyl tertiary
butyl ether using nethanol, o &ynareedtbiuoanevi th 1396l f 10 and nor nal
butenes in a catalytic C4 dinerization unit. If the streamis to be
recycle cracked, the butenes are further hydrogenat ed to butanes. An

al ternati ve PEQRESSIALIRPH BMdniriRIBE RERISor A% BIARIEBH O QMEBREIA! |y i1

Py

several units, conventl @l q met at hesi s 1 nvo ves reaction nor mal
but enes with Ie¢ hydpanatetdo ahdrihepbeylcenecyTlee back swbthendeiiss typt caf |y
renoved before netathesis with ethyl ene | sobut ene_does not react with

ethyl ene 8r 2PWRIEHE onrsget Oﬁ%ﬂtﬁﬁﬁe%ﬂgemwf@% RS i assbIeRRR 20 | |
bui I'd up in t{?PstSBfgh%%as g/hgse%tvrea Q%eﬁéna %ﬂ'g\ge fbgbsm gigher

conversions. Isobu ene however " react w pr ropylene to form

et hyl ene and 8xtfﬂ‘§éth<yrh Albsrhetgdy ta@y fe AROYo Reesd iy Wethblitadesid a8l si nce
it reduces propyl ene production. ygl cally after butadi ene hydrogenation

to normal but &7E% butkreas. SERPUETNG ears bstresmvedsby ifinesionatieni by reawiéomot t ons
2 but ene are M RUANK] (HUBRCBLT SER! o sherBasLay Pheddtpsthty R
met at hesi®) or 2 Y @lokMat BOYEHSE AN EERMINT, idRrizkfok Ninkt. FARYEIEIHA i§ eact i on
step, the primary reaction is: 2-butene et hyl ene -> 2 propyl ene
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 éfter butadiene hydrogenation to normal butenes, over 50%
of this stream is linear olefins. 4
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 conversnon reactmg step. In this

conversion reaction step, the primary reaction is:

2-butene + ethylene = 2 propylene



WD 03/ 076371 PCT/ US03/ 06968 3 The unconverted butenes fromthe reaction
are recycled to obtain a net high conversion of the butenes to propyl ene.
Typi cal nwbas/orari os of et hyl ene/ butenes are 1.5 or hi ghercirarsos/mmtat hesi s
wi th ethylene. Excess ethylene reduces the potential for the 5 butenes to
react with thensel ves thereby reducing the selectivity for propyl ene
formation. The theoretical m ninmum ethyltene required for maxi num propyl ene

is 1 nol/nol qf 2-butene., The hi concentrations of ethylene mnimze the
o sel et vaha Ange Vet Do en e daseBhars srealed B pBrea Auveh

themsel ves byt R SbRGT e DIRGRESs k6RFbhPBRgar € 10 shown bel ow.

1-butene + 2-bUtene -> propylene + 2 pentene 1-butene + 1-butene -
et hyl ene + 3 hexenéypizabuidae rati@ biitethglene/mdeneactreoh.51or Adglhan foe seen,
i nstead of 1 nol of ,but,eges form 1 no propyl ene and 1 no

| of | of
ethyl ene for MPAEHRESH R YN &f P%%ﬁﬁﬁwie,"% he ﬁ@%éh%lﬁ’f’é‘inti?étf%rtﬂ%si s
react i onss 2 MR Bl ENSy kORALK SR NAR o Lo Ripg R ENR | ForPi L@ of

the lower selectivity to propylene, this nay be an econonl ca

desi rabl e routrepgéepententatigpan THee thedraticalemiaihues efhyvi@edsequdrgdl psioduct s
since ethylene is historically higher val ued than_propylene or butenes.
Not e however , MAKERUT R OpyteaeHE s @ﬂql/@aqitqfo%fbufqnq-zége higthgpeeRNtEatiGNSs

co- f eedst ()Ck’oft &%yﬁ)err}%d%%inﬁ%%?ﬁ%eﬂgn-s%@%tige ﬁltof(erm‘!s 65)11 ?{/Oiﬁ%eéﬁ?r gaé’c%l*gsced' 25

The C. and heavier stream steam ctacker 35 used in the

producti on ofoigdeobitefedylitls eehsdess bhaufSntatheske PRisce@dacasss kreycl ed
to the cracking heaters. A typical steamcracker C5 stream contains the

f ol | owi n§Ocomitrentelow: wei ght %

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 Cz normal olefins
are reduced.
25 The C; and heavier stream from the s‘Eeam cracker is typically
used in the production of gasoline but sometimes the Cy's are separated
and recycled to the cracking heaters. A typical steam cracker C; stream

contains the following components in weight %:

30



30 WD 03/076371 PCT/ US03/ 06968 4 pentanes 40% 1-pentene 5% 2-pentene 5%
i sopentene 7% 5 cycl opentene 3% cycl opentadi ene 18% n-pentadi enes 8%

| sopr ene WouBMH@3Thi s C. stream contai ns consi derably | owerCarmsusri@®ecof

| i near conponents than the C4 stream After n-pentadi ene hydrogenati on,
only about 20%of this streamis |linear olefins. If the n-pentenes are
processed through netathesis, the reactipons are: 15 2-pentene + ethylene -
propylene + 1 -butene 1 -pentene + ethylene -~ no reaction The C. stream
and the C6 stream are conventionapiyapedt as a bapepm product from<a
fractionation tower to gasoline. In sone cases, after 20 hydrogenation,
the C5 stream separated by fracti dr@nteme and is r@%cl ed back to the
cracking heaters. The C6 + strean%aft%r C5 separa%y)n is typically sent to
gasol i ne bl ending since it contai PH %rl)l%r octane“Val ue aromatics such as
benzene in addition to non-aronatisgpeRrERRUNds. Foryoget at hesis reactions,
the catalyst is typically an oxide of 25 Goup VI Bor Goup VII B netals
supportedbon either alumna or sitydapesigmgorts. B some cases, this oxide

is physically adm xed with a double. bond,.isonerization catal yst such as
MjO. In the reactor, the 2-butene®dRBCRENT She. 1§r/§ net at hesi sed to

propyl ene. The 1-butene does not nrRaghdwhtd ethylgepe. The isomerization
catalytic activity incorporated

Isoprene 14%

10 This Cq; 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 Cq 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 Cg+ 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 cgtalyst is typically an oxide of

25  Group VI B or Group VIl B metals supplorted 5n 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 to 2-butene which is then reacted with



30 allows 1 -butene to be isonerized to 2-butene which is then reacted with
WO 03/076371 PCT/ US03/ 06968 5 the ethylene. The effluent containing

pr opyl enewouniesct ed et hyl ene and butenes and sone C. anaChdamed/ermepr oduct s
is first passed through a deethylenizer for renmoval of that unreacted
ethylene and then to a depropyl enizer where product propylene is renoved
overhead. The 5 bottons may be sent to debut yl eni zer where unreacted s
are recovered and recycled. The C. and heavier fraction is typically sent

oo oo by 20k SREBe, ALIABEE Xon iy BLESAN AbaSAMER T |

depropyl enei zer "above t he bottons and re

and heavi er agaémedeindgssestC{ angasalieephlangds ng.firdd paBséhaneamtent i onal
process for the netathesis of butenes to propylene such as generally
descri bed ab&\p8thylpeizer dpe remmvihlofpttl eneacksd @itheavanegdbenma @, the

a1 o0 ke epLBgEn ALV LEBR I GEl BB B0l SODE TR B b

olefin but requir S Tusi Siv

refrigerasi omoiusrhemmagnlet @it EECA rdubayledizel Swhefs!iyrrBSc@amer, §Ssieon.
Secondly, to prepare the feed, there is a separate fixed bed hydrogenation
units for butraewared and resycledt athefe andyleadentiacidon &t typicdlly $arghto2- but ene

concentrations ar.e sired, ditignal hydrogenation is specified in order
to naxinize tgﬁ'éon 9%8?@'8%#%?(‘8#9& alebﬁté‘g%”t'é ?’-’M%Y‘}g‘. (‘;rIQi”@H[h?- but ene
20 concentr aty i i r i foni i t hyl ene
w |l not occﬁ?ggﬂﬁﬂfﬁﬁgbfﬁgogggﬁgzﬁ%&ﬁﬁiFﬁ§3%F2§ﬁ§H??Eﬁ“%gﬂgﬁﬁﬁﬁgﬁﬁ w thin

t he reacti ondidd; anddlebvizy agatdobbing dortdol garddinezadbndingcat al yst such as

MO In tge hydr oi soneri zati on of 1-butene to 2-butene in the selective
but adi entY hydr ogernt incanyentienarracess feupbeametainesissef dsitenesgp of

Dt oS o CRTBLS 045 PR M A05R, W 068 B
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 {10+ %) of butenes to paraffins due to the‘h 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 isobutene renoval step,

there is an additional |oss of butenes since 1- butene is difficult to
separ at e Woonioraobut ene wi t hout a very expensive fracti on®Cirarsos/asees . WO
03/076371 PCT/US03/06968 6 In the prior U S. Patent Application Serial No.
09/ 769,871 filed January 25, 2001, an inproved process is disclosed and
clainmed for the processing of the C3 to C. cut froma cracking process to
produce an essentially pure 2-butene stGeamfor the feed to the netathesis
reaction 5 process for reaction with ethylene. That inproved process

i nvol ves the use loftha wragrallyd.i Ratieynd rig s cation Z8driad iNale0 § S8y 8Y11efiRigz er

tower. In tha pri nt application, the pnetathesis is the typical
reaction of -anb]ﬁf\éﬁg' ?r@gﬁet%vﬁgq{@v?‘iﬂ) PRRGEECR dchsedets claimedfighthene yi el d
of propyl ene 4 i i Hl Lzd : e as a
reactant, t hedrg?%%ﬁ?idcfﬁdh%f@‘f‘)f%c:%T%e”%ﬁo?ﬁzc%rﬁgkmé?%@élgggﬁgfﬁrggmbggc?@t t he

use of et hyl erseentalldpbre Adsitemadkagasuldr ths feuthen thbenstapidsys efackidhy! ene i s
tight andLor ethylepe is expensive, even_ though the selectivity of butenes
to propyl 8ne Hf@%ﬁ%ﬂﬁtfﬁeaﬁ'?@ W'aﬂﬁgé’de”%s ThahynBOVERePIPRRF & ByOh a5t ther
products can Re AMsgdadvapt : A L he background of the
present inventi on,gsgé‘%?lg{i] §r|%}llrééh%eékzéﬁ?é%ae?'esgrgréf%gé%%& ﬁcﬂ%grSc[PV\/ﬁBget al

U.S. Patent G@ribG6p2eat dipgdicatios, the photabssitols HeOBASIcHOrd @Ry enex.from
cracked C4 streans using a two- step process. The first step uses the
reaction of PUEPeREIGHNIENDiR BIREUCEPOBYIANS: opyl ene and 2-pentene. In a

2ddi 1 onal - pr opyl dnd el IRE NG HiseV RO, Bty wi S b P Gimer i zed
ina thitd resckbonthyRPcand or @%}é@érﬁq theOpiod@ctibhSdf pEARIN e %rﬁr‘thg _
i sonerization mxture of 1 and 2-butene. On a purely theoretical basis,.
t he reacti onsragking2Bitswighout the piseepieethyletrivendd depdesivdldaesdci2-gsent ene
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 f;)rmed 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 - 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 -~ propylene + 1-butene The net reaction of
these two steps is: 30 2-butene + ethylene - 2 propyl ene WO 03/076371

PCT/ USO3/w638876371 This is identical to the base netathesi Cramo3/He@68 The
preferred feed mxture is a mx of 1-butene and 2-butene where the
1-butene is in excess. This is achieved by choice of feedstock conposition
and by 5 recycling the 1 -butene produced7in step 2. Under these
conditions, some reaction between two 1-butene nolecules will result in
the formation of ethylene and 3-hexene. This formation of ethylene from

butenes shifts the Byerajl sel ectivity of the net reaction such that on a
fresh feed basis, I85s!Seideptisabiufe bsse patahessaeactiequilhedongéerrei t of

propyl ene. 10 k3 nr!?f?ﬁﬁgtis Anpbl sﬁﬁi.punteggbério%t&ﬂ?n&’%?@ﬂe/ %%O%Jb%QSA'

di scl oses separately t second step above, nanely the reaction e 23

pentene with eirhgkesss. t Thisds mchieveyleneheind ct-feutisinek cSripdfibi and Sy
Pat ent 5, 698, 760 dj scl oses a process where a m xed pentene stream 1is

reacted wi th ef3fyCene tihdetuinpe A PELes iBcHer & dhsler shessr epmslitiemsssorge and
propyl ene. U Sio Ral,8MNetfebndQyd33 @%ﬂ%&'@cﬁ%&%gli %88%?1’1 %ia%%?rlrﬁ%t?ocr:} %ge

processes for reacting steamcrac S consis

but enes st reansthyiléie ehdyd-Beeeried TalsMopriathi dfyethyRPY! 69 bideRes RRtRHt
5,043,520 di scl oses a process where olefins ranging fromC2 to CL00 are

cont act ed wi t hthe aedrat! selsicsivibgodIthe hepligadtion $uch Bt adnd tredhvieed barisaci di ¢
zeolitic doublg_bo I sonerjzatiqn catalyst. The concept .of using a
physi cal |y adnﬁ%ac?qg%l:?ﬁfaea H&?ng’c&ﬁﬁ??Szaﬁ Bifuieg RNt RALTRRYWANGRel | known.

In the pregrints of utbe SyfEpesiAppIRAtioRY drRfiRERGR ‘g%q'@’fsfoooﬂ Nbsigop of

Petrol eum Chem stry, Septenber, 1972 Anmerican Che ocl ety  nmeet1 ng,
R L. Banks of @iscldsepssepar#ety theaarsndistay abévghnaekbcttievsidagtion of Rrary

di sproport| Ona;gciarg)t%ne 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. Patent 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 isonﬁerization 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 prfmary 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 Z2-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 catalysts. However, for

certai n agplodoaisrons, such as processing detergent range IPCTaE03/0496$ | NS
from propyl ene, high double bond activity is essential; symetrical 30

ol efins such as 2-butene produced fromthe di sproportionation of WO

03/ 076371 PCT/ US03/ 06968 8 propyl ene, mﬁgl not di sproportionate and a

shift in location of the doubl e- bond is needed prior

. X h
di sproporti onanW’?réeadﬂ”d?P.f IPRIGPREIHIEI8 RGeS ﬁ’@-/99%§0’5182547‘°e dByhE-
I sonerization gafalysbSgbd ot 1SYRE SOOI HoRk#sh rdd IRt Cinsbbabn of

Y5k
i sonerization and c/fiymerl zation, resulting 1n branched 5 products. Magnesi um
oxi de i s al so ackeryeséb @t iboadcabaleysstibrorcatdydisen themwysiaonmeoidas/son and
is conpatible with tungsten oxide catalysi.."” .Al pha olefins, are i rtant
co- nonorer s i nP{HEOR & ﬁ’@ﬁ’dﬁofﬂeﬂﬁéf’ﬂ”p%%@’[’i‘ﬁﬁ'@ﬁg”?aﬁﬁs HVVdPoéffﬁEﬁg.g I'n
DS Pt ents ADRl) S 0Ny BBhbaLm ERidp0R/A0Re Yy SeLEDe! ik hsProNGLEH
herein by reference, a process or produci’ng a catal yst and a process
for the i soner pzaviieoneiizunoe anal isateehpasb/e avih phagsteef oxigei catdlysclosed. | n
one exanple, a m xed n-butenes stream consisting of 1-butene and 2-butene
after renoval of isddpberdeling apadawertant R/YMONEBHS Mee production of

i somerization/fractionati st e Ngl - e as
an over head pr%’&g@tpo?\fegh?'@ﬁg ﬁ?é&g{ﬁ{ﬁ%r |r§§)§§£%€e{r{t¥Aﬁ& gct%;mégﬁgéﬁa

consi sting, of \gssetged by 3pWiEicR-is daBeratéiheteiiUs e RefeBé i@ pRdteRist her
be sent to product or recycled through the isonerization step to formnore

1- but ene. B ni Ifar pyodicihgaerasatyst dnd & poraassied thedsdmadratemeédtesndr oduce
G cult. 20 OWIS 1% SpSRdIF RN R atpd P errag: Bre el Bl
. . _ ' yrng
T 1 e SRR, IR L atiasliner homa otupelieng ey
| ow 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 sen;t 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 emplo'ying 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 being 2-butene. For the hexene é: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 at 650 F reaction
tenperature, the 1l-butene content at equilibriumis 22% wth 25 the bal ance
bei ng 2- bwDen®763FDr t he hexene stream the concentration Pprofi/ikohesoene at
650 Fis 8 %with the balance being 2 and 3-hexene. 1In a process to

i somerize and then fractionate a mxed olefin streamto recover high
purity alpha olefins, the relative volatility between isoners 1is very
close such that high reflux ratios and | aPge nunber of separation 30 stages
are required. Also with the feed m xture at | ow concentration, WO 03/076371
PCT/ US03/ 06968high hegycleetyought Aheulpereieatiopnsertiani n rsagrpénwiich

required which | nereages, (g LOUPL,EQSL AN GOELAY. LEQUIT CUROLS sver

further. ernate rout e cou hat ~avoi the

extensi ve recygh&natsrosieraiuid baddhanati wat kosidehahprexdsiedive fediciahpla
olefins, there would be 5 considerable economi c benefit. Summary of the

| nventi on The sWperciragtiondéopiestit prafusitonosl ppheolpfing theranvprist beed
process for. the ca verﬁi on of ol %fi ns for the production of propylene 10
froma C4 cut PPOHFE A BETPEP™EE REPETEr acki ng process. The invention

i nvol ves the auto-netathesis of a m xed normal butenes feed in the
presence of a netathesis catalyst and specifically operates w thout any
et hyl ene in t h8ufreedrynok the Inventoh net at hesis unit. Sone fraction of the

2- but f eed be isonmerjzed to 1-b d the 1-but formed 15 pl
the 1 -butene [n ¢ ngnPeadorE 2ettPapIaR). WL 2 B EHIS anrgiipred © '

propyl ene and g; %%@-m@h@%ﬁ\?&gaotnoo% Q%ffrﬁaﬁt%r?g\i{)?gi%c@ﬁnugpﬁr%@@enéeCyC|e

of the 2-pentehe formed in the reactor wt ut enes

si mul t aneas! y fioan m agdidt ifesral a ptegy| @nethendriekieg @rotesnd heanbediioant ,
some or all of the 3-hexene fornmed in the reaction is 20 isonerjzed to
1- hexene. |n afvohes &hecuitaenetathegaerfharmisd ppropkbytenes 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 and 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 formed 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 1-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 preparaﬁon 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 without the need for super-fractionation. In another
enbodi merwp osioes33t hexene product is hydrogenated and recycirasobeoksto the
cracking heaters. 25 In a further enbodi ment, the preparation of the feed
for the metathesis reaction fromsteamcracker C4's involves a system
using catalytic distillation hydrogenati to maxim ze the 2-butene

content while sinmultaneously renoving the isobutylene in the C4 stream WO

03/ 076371 PCT/ YS03/.06968.. 10 Br i ription of the Drawings Figure 1 is
a flow diagra BF?)H‘??CBPBE?QS%thQ@g%rrag?%éSto the present invention. Figure 2

is a flow diagram oti%td?@ Pis0£ A6% GRgHINNGT ane précesshedbraing tofthe pesgsrcess.
Figure 3 is another flow diagram show ng another enbodi ment of the process
wi t h co- productrivemtion.1- but ene via feedstock isonerization. Figure 4 is a

f1 ow di agram of an S&P@g;?ﬁ%uggﬁ@wlg{a&g,%s oM e grcgﬁeeg\%t %KSMR%}”%PEQL

producti on of high igure 5718 Iagra

enbodi ment ©Of LR JYIRERE D FlROMIckSs. Figure 1 wherein C5 and C. streans are
hydr ogenated and recycled to the cracking process. Figure 6 is a flow

di agram of a proces§igoeds ti agother flhe giegsamishowine gnpdrerfapbedieantf a C3
to C. cut for propyl ene productio the, .15 aut.o-netat hesis of._2-butene.
Descri ption of “P?1é’“Ffreélse‘fvr‘tg‘ocC_EH{%E’IC%Htoqﬂfgugefr}aes\é'ﬁtfefaﬂgtgﬁgi'%?‘lml‘q“ﬁ\z/%ﬁ'@r%e{s t he
auto-metathesis of gy, 858 AL I il GOETRInEISRAt oF tRaroddts et
butene streamis 2 ssentially pure in the sense that it contains the

| i near ol ef i ns alreagtidte 2neans 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 C4 and C4 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 Cg 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 brocess 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 other olefins including isobutene. However, it could contain paraffin
conponentwowhiozds7are inert in the netathesis reaction. ThiPETAISO®RBGY6E S

adm xed with recycle pentenes fornmed in the netathesis reaction. 25

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 sinulianeous isonerization of sone
fraction of the 2-butene to 1-butene and the reaction of the recycled
pentene to form addi thehesdyirelyl®ireadnik abresentiatyi guresopmelf ericags.

enbodi nent is own in Fi 3/.076371 [ US03/ 06968 11.T

f eedstock 10 is' d°HHX %‘T’ g%’s'@ﬁ%f’eﬁ %%)10% t&“ﬁo%?%ﬂ?@%@?d Cal‘rhf;gn%aéﬂr@e any
m xture of 1-buyiLasimndu?theRReumnef BaBuesiy ahbuldnotakeddd NBPWr tHhe
amount of isobutene should not exceed 10% of the feed m xture and

preferably not ferdemix®9ye gindt hl@fe@@cbv miok taxceedn® %6 ofrdbe feedf ey anct
exceed 2% of the f ure.. This feed i dm xed w cle 12
of Cunt eact o ngPAaT PERTPERRY S wifed.2% of fhe erd MEGe.namin ettt e and
fed to the netaldigsicy WBACHQECHEe 12761‘%&6@&%9@ nefAPBIEHRS A wAIPEEISUr €
between 2 and 40 at nospheres and preferably between 5 and 15 at nospheres.

The cat al yst caoertackeetl4  neriniml peartieses eadtfed umwebmeaWelermmcmert abhesi s

catal yst including oxides of Goup. VIB and oup al s on supports.
Catal yst suppol s "E8R'Be! QPPEH}CE g%é ARES SRE o) éc?é‘d”‘%rﬁt%’w@ieﬁ%a

m xtures theregf aC{ gfé %et\%é’n %e%d H%Satnl. %@ést ' $Re c%télg& ALt Rp! S

catalyst, the c react or can |n e a doubl e bond

i sonerization Lwithdd ahbSSteeS:UJ@hn@aiy e gmes iknovmax indetadhesial citaiypsoxnceadinthe
reaction takes place at a ter’g)er ature between 50 and 450 C, preferably
between 300 arRiIdeD &b Grive WiA | ahGroup ¥lbnbt Feetakiaer GUPRE SonSPEl¥SH! 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 separatidn system are an ethylene
stream 22 comprising any ethylene that may be prese'.nt, 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 ethylene, propylene, unreacted butenes, pentenes (primarily
2-pentene), hexenes, and small anmounts of heavier conponents. By 20
limting whe3exalent of iso-olefins in the feed, the quantiPCy/ush3/aasched
olefins in the effluent is mnimzed. The effluent 18 fromreactor 16 is
sent to a separation system 20. This separation system consists of
distillation apparatus and the effluent is separated into carbon nunber
groups by technol ogy well 25 known in théZart. The products of the
separation systemare an ethylene stream 22 conprising any ethylene that
may be present avaidpoopydatieg the rearhor4d] ha hhgxege staarar@@6yowdd hiypieady st r eam

12 that is recycled to the,reactor ,.and a pentene stream 14 that is
al so recycled 6 SH‘érOQreé‘é‘é‘?%rari‘%reﬁ"tﬁj]ﬁg & rtgﬁnﬁpafé"%d"%%e%ﬁ @suddd P8
control the angugt iy ofief &F¥6hSeAh e pRiad 5 n content of the recycle
streans 12 and 14 to WO 03/076371 PCT/ US03/06968 12 avoid overl oading the

reactor. The C4 pur e the¢ peacez@swiuihed pgrigriaél the resevhyadt pgereate o teswin
recycl ed tgc)th? crac ing. Eea ers as wll bhe described |later in conpection
5. dp )

with Figur fn : Bs 98 Y {PeIFRAIBP &% 13 AR U?%@bv'@@éEdeé’ﬁkTBnes
stream S 14 e el kHGbrbeakfibnd BraBRNAT-BBROUI knOteddipfted Wi th
yl ene - but e

ethylene to form’additional prop ene viat reaction:
2-pentene + ethylene - propylene + 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 mé%Pﬂ“K%W teethyding dePERRY!ER thelrbukasiict 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

net at hesi sjg eact or. Hypwbese it heisldedieactd ainivhizé e Siphimade 2tRgBheng with 1
-butene occurs according to: 2-pentene + 1-butene - propylene + 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 wthin the catalyst 20
systemin reactor 16, sone of the 2-pentene is isonerized to 1 -pentene
and thi s wesneact with 2-butene according to: 1-pentene PCTAIS03/@G968 -
propyl ene + 2-hexene 25 The recycle of the pentenes streamto the

met at hesis reactor where there is no ethylene feed results in several

maj or advantages: a. The selectivity to 1 opylene is dramatically

i ncreased. The reaction of butenes via the reaction 1 butene + 2-butene -
propyl ene + 2-pentene 30emrtedusres A7 Woivedfhipsapytieite tpeprappermm| s of

but ene WD 03/ 076371 PCT/ US03/ 06968 lz%r eacted or ?2?37% ',ght selectivity
to propyl ene. By adding PEAFAIRT pEVcEhBENTENRS RBA n&(‘j’dﬁ‘% g1iB® reaction

2-pentene + 1-butene - prEpY&Ne. deFenbexens ibhe -8v, lediely reaction
becomes 2 1-butene 5 + 2-rbutlene -ﬂ;GZGBr opyl enue + 3- h@?gkee. This has a 50 %

wei ght selectivity to propxkeactheboverblengt mdictibntbexcenesi 2 Trbuteneal uabl e
than pentene as a co-nononger for %Jll%et hyl ene producti oné’(after

i someri zat i%n to the al ph& SPEEERH pggpﬁxﬁ_@e pF ctiiexeMex s N8Sal so a nore
val uabl e pyrolysis feedeﬁt ggrb/op\g,@}%qﬁgr&%&% {eo gf&g{g&ﬁg. nore ethyl ene and

propyl ene per unit of fu than el ent en utene. d. There is no

second reaction stepm.requiteegrddueadicixene id mofe palotiblreshaangeteAYl ene) as it
is in some processes that attenpt to increase propylene selectivity by
processing 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 C;'s.

The following table presents an example of the shift in selectivity
20  associated with recycling the pentenes producedl in the primary reaction.
Reaction fér all these cases used a catalyst Conksisting of WO, on silica
but no.double bond isomerization catalyst admixed with the metathesis
catalyst. The WHSV was 12 (wt butene/wt WOQO,-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 selectivity 20

associated with recycling the pentenes produced in the prinmary reaction.
React i on Woro3ard37t hese cases used a catal yst consisting ofPChZos069s8 | | ca

but no.
catal yst. The WHSV was 12 (wt butene/w W3- hr)
C and the pressure was 5 barg. 25 30 WO
125 148 119 150 Feed mol % 1-Butene 25 2

doubl e bond isonerization catal yst adm xed with the netathesis
the tenperature was 343
43/ 076371 PCT/ US03/ 06968 14 Run

98 93 2- Butene 75 50 0 O

45 Sel ootivity mol OBEhyl one 3 4 41 4L Fromyl one M b1 7 bIO%- Pehtne 44
29 8 0.6 3-Hexepg, Pt #3 48 Heavier [I T4 RUn 125 1s|a feed wth a high
amount of 2-butiene 1n the feed. When rieacted with no péntene recycle,
conversion is 351%uwehb al nost equal nplar pBeducti &8 of pr o@)&[ene 28d
Eﬁgt (1322 lr)gplt ggedzsgﬁﬁeréﬁ; the 2-butene wth 27%e=;1£ ;ngrf@ !si nul a@ez- 51°
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.

15  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 propylene increased by 3% and hexenes

i ncr easedwby3ardlact or of 3. Significantly, the butenes' @®CMIESIFIEHS al SO
increased from35 to 48% which results in an even greater yield of

propyl ene and hexene. Run 1 19 represents a C4 feed wth essentially pure 1
-butene feed. 15 Under the sane operati g conditions, the conversion is
about 45% However, the sel ect|V|ty of propylene, 7% and pentene, 8 %

are | ow VD 03/ 075371 PET/LE030608 2qrdy of SLGERE 004 dhaABSEN bR O

S eC|f merizati

catal yst adm xggly V\bééblflbelsf&ﬁ@‘ﬁih&ﬁﬂrﬁ catalyat y5(ﬂml>{d¢l rwnhlfaae mseszaﬁq@“st he
1-butene is replaced with 2-pentene. The anount of 2-pentene is slightly

| ess than the Catabstere rgn dditedomei of Higel Pekend @rfeéfacledrwméa PEREene.

conversion re ned_essen | v _the The,.r c L does
two things. ﬁh‘%(ﬁné%lfnR/P{ ?'%Efr%e%t% E&an%\{/ll%sr?ethaaﬁ]d neentgﬁg pll?ﬁélr(g%ged
reflectingd hejy gactinidf o- ruﬁemQneTMétanjfeb&lbﬁﬂ@maﬁﬁi@d)@@byntlﬁlw higyi ng
2-pentene present in the feed, the equilibriumreaction of 1-butene with

2-butene (for neainby Tioe ireeymee of 4be mendenel dpes éwe tiegs.t Abenselegthdty of
catal yst itsel ressed Thus in net entene is fgrmed 3s a

final reaction B}B&f&ﬁgﬁ%ﬁﬂ oR&fenF a%eoWé’r%Eféetdh%ef CHOG Bifer5TRE Bl
hydr ogenat ed anntern%C\X/‘Fﬂhe?i HRehde SIcRGKIVIDNBAIRES2- §n’§é?@"ﬁrés@nf:'lrg%§ S5 to

be descri bed ater. The C5's fromthe metathesiS of C4 olefins are linear

and thus 15 hateeda tgeodgpitibenti atadtam pyriobytire OB 2-duteret bermlednbt/ he

cracker contain only limted pormal pentenes with over O%ty‘gé g bei ng
gl

i sopent endd antfoény‘?fl'@t@ InpohHiRe 19Ye hihenbsdrihents setelet p
i nvention showg, | B ELEYr e Toys @C’H& Ofio FhdntBhet .Qefoh%%nsspgqmtreg@non

follow ng the separatl onh ste
product. Optlonally, some of the 2-pentene could be hydrogenated and

recycled to the cracking heaters as shown in Figure 5 to be described
later. The Cg'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 Cs; 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
30 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 production. Effluent 26
i s nostlywB-0hex@ne resulting fromthe reaction of 1-buten®@CTiSoho@épent ene
to form propyl ene and 3-hexene or the reaction of 1- butene with itself 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 tH] remai nder 34 being sent to the
i sonerization step. The stream34 is ad %xed with recycle 36 and passed to

a heat exchanger 38 and preheater 40 where the tenperature is raised from
the fracti onatPGherabbhpPdrat Yrdmof TP RBREMERION e88IGE ‘f)%CPBtac"ﬂ%arcgﬁﬁgeof 300

to 450C 30 and : : S sl atm
and WO 03/ 0763 @ﬁ‘ﬁ@ﬁ%ﬁgg‘%&él@éécﬁré’{% b%yégétrgéd%égg'tdﬁm&?ﬁéa $ g
i sonerizati on se@®rordpaandaithsreaf doubbesfebadnd a $ogtepiuziay itorsic abhatay st

conprising a basjc netal oxide such as O or, Ca r.mxtures thereof and
preferably a hPYReHRR feseriestip ‘%é’t%ﬂev'%% Yagepdiong c‘?i%ggcﬁt?ﬂt ?ﬁ@hﬁ?fé?/ri‘ousl y

Lemperatur & condl T R CoTRaS Y Rt here M PO rolBipL=, FRE° 21"

and 3- hexenes aHntbxpagdedsorhbrise o bheixtest obicRanger3-B8xened bad passed
fractionation tower 44. The overhead 46 of tower 44 is a high purity
1- hexene streathrprebutiie MeAE exsbenent 38 tef theofi@ctianatign gtawsied42- Thad

3-hexene streamthat is.10.re e to..t he i i ep r
addi ti onal con%?@iegﬂ ﬁ%nf)gtov\yg?/&élﬂg@b@gﬁeoxugﬁ h'%%rre&rgﬁée%%/ala}érp?g%%%u—rr\hg are
formed in the ppitoRiY 3678t abhRS §4ri8af hiRBd SLeAnd 63-ARsess I ASHAS LY is
addi ti onal heavier conponents are fornmed in the isonerization reaction

step 42. Theseramyeled aokdd Vieaispmreyationesteps®r alitforalepdivdirsient ingd t he
o oM P 2! 0 e RS 2T RSB, ERry
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 d.esirable to produce both. In
this embodiment, some portion of the mixed n-butenes feed 5O 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-nmononers for |inear |ow density polyethylene
production, sonetinmes it is desirable to produce both. In this enbodi nent,
sonme portworsofesthe m xed n-butenes feed 50 is 20 heat ed RCTABAMIH4 and

i sonerized at 56 to convert a portion of the 2- butene to 1-butene. The
isonerization effluent is then superfractionated at 58 to separate a

1- but ene overhead product 60 and a 2-buteng rich stream 62 as a bottons
product. Dependent upon the extent of 1- butene product 60 desired as a

fraction of thesfh1 Heskh 48.r 6 Railahe2d, sQmErdot, theahsesh feeddi %5
bypassed at 64 and/or nore or |less of the 2- butene rich bottons stream 62

is recycled at #6 pwgeHeati 2Bn8Piarwt B8n step 56 and reacted to form

addi tional 1- butene.F.The re i_ni n% gHantity 68 of _the 2-butene rich ?tream
is sent to the netatH&5% QUL Mo IR 'RE8AT T HVEWR £8PTRSUSHBRNOT n

this Figure 3 andpgrndd 1e8PleANSAd 1 10hELQEHECTHE ikl bk S focd §6is SBARt
production of propylene 24 WO 03/076371 PCT/ US03/ 06968 17 and 1- hexene 46.

Once agai n, 5t hetoGhe @ocans oCehe ptaseatinveRtiohsksaerdb@dieddn &igureded Fat t28, 30
and 32. Figure 4 shows an. al tir ate neans for the c'-prréjggucti on

.
or opyl ene, - 1- bUAARE OB AMICHARE BN i apsRstSBtdRdeohod 2097087 Y is 5 1 o
the process of i @ 83 helsMNEL: @R PSRN 51 B 15 HEOE bl Sae

total mxed C4 wto the process as In Figure 3, a larger flowis sent
to the netat hesieparetet oo fhbnsi Meeen@neFro tthe doHvenhiavel beparatsepar,aded to

form 1-butene. Fromthe conventional separator 20, a |arger product C6
stream 26 is prlateEdoddctCs 8RN 4F g REOMCERSE BMRSYHt Ofihedtighereamaunt ow,

The hexenes~pro d~a r iR I - 1 R ] 4 ;
o wene TOPr SEBORE.PY 1A, Aok rBaEgard Byblban BLULRG? 1n v
i soneri zati on/ sgigerd dcérnbpdirhent, systpgmive P ofuse IhghenwiDibtiy seritaxene 46

just as shown and described in connection with Figure 2. At | east

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 reactor: 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

i soneri zawoanfogasper fracti onati on system The renmai nder i sPoarugesio@ss 48. A
portion 72 of the 3-hexene stream 26 is sent to a separate netathesis
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 -) 2 1-butene The exflént of et hyl ene formation in the
first netathesis reactor 16 is dependent upon the feed _m xt and’é%
extent of i soneiopyeneeR-bEBNgcPEVieNgs WNEHINKeaed faxese- r@%%@fﬁ@%@? ctor.
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74 takes pI ace systemw ow | sonmerization activity and

under condi t'@éﬁtaﬁmab tﬁw@V@,Hnbcsﬂn@bzuaﬁg Sﬂ'thﬁnld@ﬂ‘tg*/rrfsea@ttimnsseﬂ'mat@‘l fih uent
80 fromthe netathesis reaction 74 now contains rimarily 1 _-butene
al ong with snatdwer §Barodutiog bF Gnpeeibead 9% ayd éh% WP ¥B871 1he

PCT/ US03/ 0 368 18 E?%£¥%§deéapara¥g§me gpggqﬁo @ngalffyeﬁﬁgﬁl%m hﬁ?‘(@ﬂg The

et hyl ene a 'n over tower 84 | eaving the

bottons 86 COB%@ﬂHyaeggé %ﬁd%boﬁ@%@ggrﬁm’tafﬁhﬁ; basitens aalrdepcbd'la@hﬂysﬁpaeat ed
in tower 88 producing the C4 overhead 90 and the-C5+ bottons 92. The 5 4

over head 90 i shetger atfetbsinedt thweR-oatenataeuid pelraeysied yn §oe #racenst ehbe
[f “desi red. +nEi BUTBRG e BETBAIoaoTTo e Baoatly A e pur by
pol ymer 1 zat 1 on! FaRe B o et e b 100
into a C5 1qyer headinmod &, Gvebodddband \dﬂC@boaﬂomJS Myclbealsceuw bd recyclede
process. The CiC)nSEch(Ia rp])r(l))c?éshs ‘4 Ietc?Jst mCLotR a%ytal and er?er(ga);stf%p%he extensive
isomerization and superfractionation system is avoided since instead of
a moderately low 1-butene concentration in the C, stream, stream 90
is essentially pure 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
ethylene in the metathesis of 3-hexene, produces a substantially greater
amoﬁnt of propylene compared to the process that splits the feed with
soﬁe portion to isomerization to produce 1-butene and the other portion

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

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 stream stream90 is
essent i alwg iprea71- but ene. 15 In addition, the process thaCTdsSns8695$€e
greater amount of the C4 olefin streamto netathesis and subsequently 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 sonme portion to i soherization to produce 1-butene and
the other portion 20 to netathesis to produce propyl ene and hexene:. This
can be illustrated in the follow ngF APt £3SA ni xed butene feedstock is
fed to the process of Figure 3 or the process of Figure 4. The materi al

bal ances for these cases are shown 25 below. WD 03/076371 PCT/ US03/ 06968

19 Figure 3 Case Feed to Feled tmegawbi ned MeFathiasi s CAllsoneonasihedn Feed
Feed nol/hr 1-butene 670 331 1001 2-bytene 518 37 555 |Total _Butenes [1189
367 1556 FEthylene 0 0 Totpal M3tethesds 1 |180, bmanzgion nert s 558ed05 659
Tot al feed, 1""?ée472 224+—5—++otsthr—Products,—not7hr
mol/hr
1-butene 670 331 1001
2-butene 518 37 b5b
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 defin in Purges
436 Inerts 659 WO 03/076371 PCT/ US03/ 06968 20 Figure 4 Case Feed to Feed
to Conbi nwo 03ned3at hesis C4 | somerization Feed Feed nol / hPCTShso@ne 1001 O
1001 2-butene 555 0 555 Total Butenes 1556 0 1556 Ethylene 260 0 260
Total Aefins 1816 1816 Inerts 659 0 659 Total feed, 2475 0 2475 nots/hr
Products, nmol/hr Ethylene 19 Propyl ene 2044 1-Butene 357 1-Hexene , 238
Oefin in Purges 158 Inerts 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 168

Inerts 659

5
Product Olefin Selectivity % (purge olefins removed)
Ethylene Propylene !L1—Butene 1-Hexene

Figure 3 1.4 45.4 31.8 21.3
Figure 4 1.1 63.0 21.5 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 Figure 4 1.1 63.0 21.5 14.4
The basi swofo3thi3g1 conpari son i s an equi val ent production eCTSOyM9ehe and
1- hexene conononer for linear |ow density pol yethyl ene WD 03/076371

PCT/ US03/ 06968 21 production starting with the same quantity of C4
olefins. For the Figure 3 case, approxingfiely 45% of the feedstock ol efins
(C4's) are reacted to propylene. The purge of C4 olefins is relatively

hi gh (436 nol s/mbdcctioﬁ&%lrcbihgt\lwﬁhttbeeslan@fqohmﬁiynsf Cnp otdfanst eledt) theTFigare

significant purge of olefins 5.is etoth di f lties in
separating the %&%Fe??ﬂ%"’?@@ﬁ?lﬁfé%dg gefequﬁ%df Rlef '@J%rﬁ%ya@trreé%ﬁd For
the Figure 4 cagey AR TRE§W R oéne%.hg.g %}Qﬁw% Rl&8BERolsWr aﬂd C4)
are reacted to propyl ene. Note t%at tHe ethylene is ? reacting wit

but enes as i s th@%casthe totabfy emfinsrialthadead)hethis sl@mfld@wtrmagesafwlemns he
pr oduct 3h xene. Intgls ca er t ot al 4 olefins in

| th
the feed ar re’ad'f‘ét?rF H?éget quﬁg"%‘?{‘l Hb?e%"frﬁf'eggﬁﬁfft %‘PBE@SE‘?rﬁgth@age. I n

sinple terns, b o rgt yated as follows: By feeding 260
nol s/ hr of eth gﬁﬁﬁ%ﬂ{aﬁo 8 nbls of 15 butenes can be reacted

(less C4 olefin | osstmthélefl@mﬂege cddu, sap@euntirhatdly 6RMs BE rBasketistdIo
nol s/ hr of propyl ene. Thus by utilizing a nmetathesis reaction between
et hyl ene and 3-#ekeadCt @nddwi) @etrﬁ@cf@@t@t pefiysenst. Bote ghat ths et eorits

o opy ot i s pridthieghtae WiRdrraler s s Bl b TRl o G BER 1
cost and ener gyreaesd Wit eid pasducemhiehfinkHised@se, andrgdtbdilafurhBeaypi 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 mols/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 nmay be used to replace towers 84 and 88. The process of
Figure 1 wooamee7t 0 react the m xed butenes and 25 form Pa/ysws0hees s

et hyl ene, propyl ene, and 3-hexene. A further enbodinent is shown in
Figure, 6 wherein the 3-hexene stream 26, the C4 purge stream 28 and the
C. purge stream 30 are conbined with hydrpogen 132 and hydrogenated at 134.
The hydrogenation effluent 136 is then recycled and fed to the cracking
heaters 138 al qng WidrBcddi@d3R M4 EBramelasketH eeds1df c FhshKefustihd 42
fromthe cracking heaters WO 03/076371 PCT/US037 06968 22 138 is processed
at 144 to renoCe sHZl' CeAd Meavieraniche(3,'s &S wed Combindtb wittbhgdro@enst 4ad

heavi er. The 's, 146 are conhi ned wi.th hyd en_148 for hydrogenating the
but adi ene at %@ hfﬁ@@i%@ﬁ%@&%@ﬂ? r%n{ggerﬁgé@ol'sg “tlyé .eSAaE‘? éﬁ@?r ed
met hod for procgssiBg 4ihes ef fA yebterddPmethb @bt geoé‘er_s@mg fe BEAISIS145
described later in conjunction wth Figure 6. .The processed feed is now an

essenti al | 6 pufemadhaadrabkihgreasérseiandessnibel lemminieesundieor veth Eyure t he

nmet at hesi s process. The follow n tabl e shows the yield tterns from
byrol ysis of tBe NBF RAPCRSREdd5ed BhROWCE parentral Ryt spgal RHSNF: SireArBs

paraffins assu J SR HidiesSt eqn d
(C4-s) or netat egﬁg%ﬁéﬁéfﬁg%ggmg%%ﬁ%we ?JE)H recﬁ}cl e.S§'AI so,ﬁ{llﬁg\%ﬁgt al

C2/ C3/ C4 ol ef i nsbleistionts ithe iy late patieensl fram bytddsiers. thByroohes IG5, U.ebdd, w %
15 n-C4s n-C5s n-C6s  CH4 18.3_15.91 12.81 C21-14 44.86 47.61 44 .46 C3H6
15. 7 17.54 18. &z 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 %
16
n-C4s n-Css n-Cgs

CH, 18.3 15.91 12.81
CoHy 44 .86 47.61 44.46
CaHs 15.7 17 .54 18.07
1.3 C4Hs 3.43 485 4.97
BUTENES - 2.12 2.95 4.05
BUTANES 5 0.02 0.02
TOTAL C,/C4/Cy 66.11 T 72.95 71.55
OLEFINS

OLEFINS/CH, 3.61 459 5.50

As can be seen, the total olefins prqduced from Cz; and Cq
paraffins are higher than from the C, paraffins: 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 Cg
stream is a better feedstock in terms of producing a higher ratio of
valuable products to fuel. It is important to note that Cg; and Cg streams

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



1,3 C4H6 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 OLEFINS OLEFINS/CH4 3.61 4.59 5.59 As can be
seen, thewooBale3ol ef i ns produced fromC. and C6 paraf fi necaresosiogher t han
fromthe C4 paraffins. A common neasure of feedstock performance is the
ratio of olefins which are valuable produggs 20 to methane which is
commonly used as fuel. As can be seen, the C. streamis a better feedstock
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nearly as pref elhﬁegaeasﬁhbe(b&hasteba%s)V@waSéMﬁaﬁéluPﬁ%u&ﬁél(@Q%@eaﬂﬁ

feedstocks from netathesis for recycle since they contain cyclo ol ef| ns
and paraffins (lhesh retvennt)ylentianearenders P9t9(§6ﬁiéfﬁén@wu§(t rB}éﬁ‘rﬁs athese

reduce ethylen Ba%qgeéomggyolrﬁ oRRhENL Iy nﬁééarl’%d Fe%ulltXn {le?t %Qesdtsao

streans from ne are rhear  and” resu I N ex ceI

once hydroggnatede HtfogRha®.of processing a nor nal C4 streamthrough
net at hesis and recycle cracking the excess C5 and C6 streans produces
significantly nore ofhef bn’son fof sriecessiing darasmah&l, girassy lterrudhsmeiteithesed
fromthe netathesjs rea

ti khls,(canbell ustrt&d Si\‘t/thefollé;)vvlnsg 10
exanpl e. A feed Cor§F¥P ngcra? 080 BEURISEHT Fhe? sefi P pPEOAUCes”.
hydrogenat ed anghdigeyshe rﬁéecksedmsﬂh%rer BOH&HSTd wtuﬂeg%r% RO FtQﬁJcé?f_
et hyl ene and 16.5 pounds of propyl ene. The test Run 14 fromt previ ous
tabl e had a frdstmnitvenmletdireeiserdfaetidnc ohisisstamige &l Btdated Xiyuthee faﬂfO\Qirith ene
to 1 but Wth I t th 100 d

° u en%ao exarrﬁp%cyc ef&? c%rr]\glsstmg gf 813669 poundpou tﬁe 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 Cy; and Cg 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 C;/C4 Olefins
(as paraffins)
Ethylene 47.3 2 2427.4 = 29.4
Propylene 16.5 38 '38+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,/C, Olefins




15 of C4's produce 2 pounds of ethylene and 38 pounds of propylene. If the
C5 and C6 olefin streans are then hydrogenated and recycl e cracked, they
produce cwoBdedsably nore et hyl ene and propyl ene. The combirnsos/emedf
met at hesis and cracking is significantly better than hydrogenating and
recycle cracking the C4 olefins. 20 Yield as Pyrolysis of Metathesis of
Metathesis of &4 AOefins W %feed C4 Aghins &4 Aefins plus yield from
Pyrolysis (as N-Butane of C5/C6 Aefins (as paraffins) FEthylene 47.3 2 2

+ 27.4 = 29.4  Propytngrddest cidthe3SretOnbirvehBion eMey@NgemiRedh-Butkidexenes
022.70 Oher 36.3 1 22.1 Total 63.8 40 77.9 C,/C3 Aefins WO 03/076371

PCT/ US03/ 06968 fegd Wihghps eobéaisedffrarna oy é@é}athwdmv@afbpo reud i royes ceaoing d

n-butene feed which is obtained fr on ¢

cracking proced8°C¥cHC a%lsgaamu&rqp] %lcét%lgf‘él YT m%r j@‘&%ﬁﬁted ‘N %IQPF%t ed
in Figure 6 i & RippéRifRbeapR! 6f @Ey@teﬁ%ﬁﬁﬂd‘c@ésn%%ﬁﬁﬁé g puchcat C3 to
C6 cut 5 to obtain that m xed n-butene feed. In this system the 3 to G

feed m xtubPe 1020kigit dhaspxednarbliensgrisedndn thisopystene, theutare, Cd ferd ene
and o componettE i Dat ST Y ROTLY FEaP it CRv ey a8n | POSREo &
Ll e A RELARY SOER BcatgniractyGhengnatanoiR sy an
Cs and Cg 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 nﬁethyl 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  Dbasically contain the remaining C; 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 sent for separation and recovery of propaﬁe and
propylene. The bottoms 116 contain the C, and heavier components
25 including the butenes. Any residual methyl é&cetylene and propadiene
which may have been carried over from the tower 106 may be
hydrogenated in this tower 112.
The bottoms 1ﬁ6 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 could be operated as a
depent ani zer, for substantial hydrogenation of the acetylenic and di ene
conmponentwowBihe3l7i tt| e hydrogenati on | osses of butenes ana@Cpruspybese. The
net overhead 106 contains only very small quantities of acetylenes 15 and
di enes and the loss of olefins to paraffins is mnimzed. Essentially al
of the nmethyl acetyl ene, propadiene, vinyl acetylene, ethyl acetylene and
but adi ene are hydrogenated to their respéective olefins. The overhead 108
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the C5 corrpone% basi ca Oy con e remaining C

and the heavi epugamEpeRN&hich WalyHhvedrekén (ildgh PogRsGRfhasd #esh eelimd he
overhead 106 is fed to a de- propanizer tower 1 12 where the propane and

propyl ene are tefAdvekeemiies Relgativity hia dhe lswnteviebpf sypspgan and anlew
recovery of propange an ropyl ene. The bqttons..l 16 contain the C4 and
heavi er corrpon%‘%f\ggéga?%éﬁﬁgr‘isﬁ?etcﬁ'é’ebfﬁf Qﬁggqgewngeoﬁlﬁgﬁ? aﬁﬁ\ﬂ?ﬁ]esa% yl ene
and propadisenegigpesch may have been carried over fromthe tower 106 may be
hydrogenated in this tower 112. The bottons 1 1 6 fromcolum 1 12 are C4's
if colum 106 is a Thethgattornger2dfroan i cofur®ma 1aid costdifs @oy wasiduebCis a
depentani zer. A 30 spmall anount of__hydr nd this m xed stream 1

1 8 .
e e fou to 2t ear Gy asrb o oeo i b AUt exant el e ud e To635h: o

serves to hydr %%%h%rm}aer@sshg%m iBUhadiigRRtENEES BB ehAkeatPegiteinit hr ough
in the overhead fromcolum ~ 106 to keep the selectivity high. The | ow

| evel of hydrogéiclandlldntmaseactalyst pncatedng dtmar Byseteqtarggoh of these
hydr ogenati ng only the acetyl enes ang 5 gi enes. The bottons 12 _I,romthe
col um 120 Gontoi Ak dIRRVIHst d6aMPELNAa Ry CReAGY BP PEBHItTe Ab AT arnfiETiGRIL)

prevent their [StHEREQ e ALACKESS are eliminated. Some of the lighter C,

components can be allowed to pass overhead. The extent to which that

is done depends upon the extent of iso Cy; 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 overhead 124 from the column 120 is the C, components

and is primarily a mixture of isqbutene, 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 thatis carried over and the exact choice of catalyst in columns 120 and



and control the C5 content in the ultimate feed to the netathesis unit
which wll increase catalyst on streamtine. By incorporation of these 10
towers, hwewB®re3Cb conmpounds such a cycl opentenes that ar@Cardsbs/easbg to
process in netathesis are elimnated. Sonme of the lighter C. conponents
can be allowed 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. TA€ ability 15 to do the bulk of the
hydr ogenation in colum 106 and cleanup in colums 112 and 120 usi ng very
controlled anvumﬁsTbﬁaderwganORQngvi§éﬁe§ﬁhviﬂyﬂﬁﬂn@ﬂmQMBGM%ﬁﬂ@@Z t enes

hi gh and avoi ds sses to butape The .o erhe fromt Q 120 IS
the C4 conponéﬁ’té%”é‘m? fapye ﬁgerq% C&?Sgegﬂ éYu?%C 3’6‘%’? gﬁ%aeqctg[}?é ¥ and
2-butene. Thi §,520. 5 tht@né%méof/@metae 1tj'@aF@Frﬁf|\|Wj|t@d bhathé GR@sH®MH col um
126 which has catalyst beds | ocated above the feed in the rectifying

section al t er ndsi mgftomist h3Qifst ifédchto time mwﬁwws p%\amcpngs mRxéNiZedat i on t rays
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is added wll first hydrogenate the butadi ene. Any renaini ng hydrogen wl |

act as a co-fesshtbat. the hidrtehs bois iaz at loover tEhgpdratentthas thet2-botene
hydr ogenate any further so the | east .anpunt of, hydrogen requ
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is carried over ct i Y | su

03/ 076575 PoT EERIT i & TBelFaR 68180 G55 Mabalfe SR S22 WHIP |
-but ene may begy&ABRA] ZBR 2hatehdigtienrionatanfroaxtienmixiess bed.is Bymoeadt i ng
1-butene to 2-butene, the |osses of 1-butene in the overhead 128 are
mini m zed and ahetheubeli@m npradvst bbBPonsAa3ther Jrovtane tisesntTREght Ko s

reactor is nax#ercr:]t%ymg section in contact 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 xbe removed by reaction

with methanol to form MTBE.



5 One of the functions of the colum 1.26 is to renove the isobutene
overhead at 128 with the isobutene having a |ow 1-butene content. The 1

- but ene bwplos/0ai37e | ower tenperature than the 2-butene amdTiusozoans | 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
fractionated fromthe mxture and is remawed as the bottom product 130. As
the 1 -butene rises through the rectifying section in contact with the
hydr ogenati on gatiglgfst and in the presence of the extrenely | ow quantities
of hydrogen, at |east sonme of the 1-butene is isonerized to 2-butene which
t hen noves dowd-t he ALBreasisgriar thegongeision af enebetgnmfeed eenigirdng|bodbi on

fractionation of _the 1- tene increases due to.volatility but it is
subsequent |y i g(—)%tﬁn?e%p gt?u eB_ﬁt8nDer.°p¥% equOdPPf'%'Ppﬂt&?ﬁedsrtFé? r?lé' force for the
i sonmerization of theal- bikeing tAaredsesne dsed hdlabpiRNgeOFeeAt rati on

increases by fractionation and the product 2-butene is continually renoved
fromthe 2 equilibri um Zotveansaitomeatesipwanetorhe bontasin witht Ae t ower .

The net result is that a |large.portion of the 1 -bytene ma

hydr oi soneri zed to 2- but@%@f‘ﬁeﬂgém_&@éf%w%gﬁ‘dts@hcgﬂI'%%Tfé"? %/"FFb?‘ﬁe over head
128. Although the procesg;t@se JeRGI1PRANT ProffIOceSBUNY pehiee{L8Hqt 0 obtain
the essentially pure netathesis feed is preferred, alternate processes can
be 25 used. As one exanplsejd Ripentsodatrgheneacts with i dnadeee tbyomeact i on

wi th nmethanol to form MIBE. WO (?3/ 076371 PCT/US03/06968 27 Cains: 1. A
process for the conversi Gd5fonal prepy'ene anded eRh&i ni ng both 1 -butene

P but ene 1h2d and o'l pentEaE T Lo ReRt FRSmCbaidl BAERIRIIES O i
contact with a reactor into a propylene product stream, an
unreacted n-butene stream, a 2-pentene stream and
a product 3-hexene stream; and
(c) recycling at least a portion of said separated 2-
15 : pentene stream as said 2-pentene feed to said

autometathesis reactor.

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.

20
3. A pfocess 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

25  tungsten oxide on a silica support.

5. A process as recited in claim 2 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.
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nmet at hesi s catal yst whereby said 1-butene and 2- butene react to form
propyl ene and 2-pentene and said 2-pentene streamreacts with 1-butene to
form addwoiosnad37pr opyl ene and 3- hexene; 10 (b) separati ngcCrhsozddobsient
fromsaid autonmetathesis reactor into a propyl ene product stream an
unreacted n-butene stream a 2-pentene stream and a product 3-hexene
stream and (c) recycling at |east a porti'é)n of said separated 2- 15
pentene stream as said 2-pentene feed to said autonetathesis reactor. 2. A

process as recigted i,n_claim1l wherein sai t athesi.s.catalyst .i.s selected
rom the oxi deb ot & BT 8 "EHACEoGE 01 T Tt S8RER G ioRale ac
recited in clairfge %@D@fb&@odcf@{daééﬁ@z)ré%&l% i& froPH PR b 5SRhesdBérés.om
silica, alumna, zirconia and zeolite. 4. A process as recited in claim?2

wherein said catal yst conprises 25 tungsten oxide on a silica support. 5.

A ited in claim2 e i.d_met at hesi L
Carriea out at a t SbBrARETEGN (PIRG agh di 286 cpuRve K g sk o

from2 to 49 almeRBREeR 1e3R NORYDIE3RE PETKARD30E968 ahdirerRIPCESS

as recited in claimb5-wherein said tenperature is in the range of 300 to
400C and sai d peessuatere sntrpaasing saitbhedtedspihexese strzanhiprcootss with

recited in claiml and conprising the further steps 5 of heating at | east a

bor ti on of sa; AMaEREREHEGrY GRS HaeTdoher NSt TR RUNBRFeH UP orcar 3

passing sai d hegted 3,PeXE0Le S F $3BeReCAM 3Lheeid and separating said 1-
hexene as product and recycling said 2-hexene and 3-hexene back in

10  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 VIl B metals.

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

support selected from silica, alumina, zirconia and zeolite.

10. A process as recited in claim 7 wherein said catalyst comprises
tungsten oxide on a silica support.
20
"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

25  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.
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an isonerization catal yst whereby 3-hexene is isonerized to forma mxture
of 1-hexene, 2-hexene and 3-hexene and separating said 1- hexene as product
and recycwong/os@ard 2- hexene and 3- hexene back in 10 cont @ct/usos/bessai d

i sonerization catalyst. 8. A process as recited in claim7 wherein said
nmetathesis catalyst is selected fromthe oxides of Goup VI B and G oup
VII B netals. 15 9. A process as recitedsgn claim8 wherein said catalyst
is on a support selected fromsilica, alumna, zirconia and zeolite. 10. A
process as recijed An,ebaldd fowheligld) ifabifatd WoheCMPEdigeiethtigsi en
oxide on a silica supBort. 2001 1. Aprocess as recited in claim7 wherein
sai d i soneri zatenopereatre@l igdh thegangbasiI00nes 005K dred salkl pressuor esfoas
recited in claim 1l wherein said isonmerization 25 catalyst is selected
from MyO and CatPalR 3HNPSAPBESS: her eof . 13. A process as recited in claim?7
wherein said netathesis reaction is carried out at a netathesis
tenperature in the range of 50 to 450C and a pressure from2 to 40

at nrospheres. 305WO B3p0d6E61 aBClddisB/i06868n 29whkreiA paiocéssmadzatent ed in
claim 13 wherein said netfathesis tenperature is in the range of 300 to
400C and sai d frereiaters s iNrigm randece1 308t irodpler end Brey Bresgupe 9deidd as
recited in claim7 wherei.n.said i izat ihen ure is in the range
of 300 to 450@58HH”Fﬁ§0§H8§§3bgréﬁaggﬁé ﬁ%?gh%qéggﬁﬁ%géis in the range of 1
to 20 atnospheres. 16. A process as recited in claim15 wherein said

i sonmerization 10 pressure is in the range of 3 to 10 atnospheres.
16. A process as recited in claim 15 wherein said isomerization

10  pressure is in the range of 3 to 10 atmospheres.

17. A process as recited in claim 1 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
15  portion comprising the further steps of hydrogenating said unrecycled
portion of the 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.

20 18. A process as recited in claim 17 wherein said metathesis catalyst

is selected from the oxides of Group VI B and Group VI B metals.

19. A process as recited in claim 18 wherein said catalyst is on a
support selected from silica, alumina, zirconia and zeolite.

25

20. A process as recited in claim 18 wherein said catalyst comprises

tungsten oxide on a silica support.



17. A process as recited in claim1 wherein said n-butene feed is obtained
froma pyrolysis cracking process and wherein only a portion of said

separ at edwd-op®ni3ene streami s recycl ed | eavi ng an unrecyclped/uss3/mo6s i on
conprising the further steps of hydrogenating said unrecycled portion of
the said 2-pentene streamand at |east a portion of said product 3-hexene
stream and then recycling these hydrogend®ed streans back to the pyrolysis
cracking process. 20 18. A process as recited in claim17 wherein said

met at hesi s catz ystA procesl ectettetirinmldilve1 BxivdesirotaiGoetmthvesi8 reacids oup

VII B netals. 19. A process as recited in claim18 ein id catalyst is
on a support isetHEEAdOYY @i SitPIMPEratyr ¢y fae &qr}gt?oﬁ\fl\gé\ﬁﬂ ﬂ’é@‘oet% éZ% 20. A

process as recited in Lm 1 i id catal yst conprises timgsten
oxi de on a si |ersasg“&pfaéW?”ﬂxog%}%*ﬁ‘[f%%ﬁ%m US03/ 06968 30 21. A process as
recited in claim 18 wherein said netathesis reaction is carried out at a
tenperature in the range of 50 to 450C and_a gres,sure from2 to 40,

at mosphere8. 5222. A pr668s@sdecHedin &pifh2d| WHRoN sabiempesatige is in
tenperature is,in_the r Ngey 0 % L.c pr: s fr 5to
15 at nospher et?.e 2319% c|?)]flocesstfoas rec’t(:c‘?taegpi%r?%gl ar;zi’“;gng ecé?rpsﬁlwsrfnagsttohe urt her

steps of 10 rg@asédpgreras. | east a portion of the product 3-hexene stream
wi th ethylene under netathesis conditions where the isonerization of

3-hexene is |imted thereby producing a reaction product containing
i: gﬂt 222 ag?r o ﬁ\paagt F')rrc]) egglads rre%l %E:ili%nclgirn’cl)dluggm%?girlrge%ﬁé/?ﬂlltﬂgr %f@éjst Gpe as a

10  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 producing a reaction product containing 1-butene and
separating said reaction product and recovering 1-butene as a 1-butene
stream.

15
24. A process as recited in claim 23 wherein said metathesis catalyst

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

25. A process as recited in claim 24 wherein said catalyst is on a

20 support selected from silica, alumina, zirconia and zeolite.

26. A process as recited in claim 24 wherein said catalyst comprises

tungsten oxide on a silica support.

25 27. A process as recited in claim 24 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.



24. A process as recited in claim23 wherein said netathesis catalyst is
selected fromthe oxides of Goup VI B and Goup VII B netals. 25. A
process aworoaoirased in claim?24 wherein said catal yst i s oRCa/usg®oeeppor t
selected fromsilica, alumna, zirconia and zeolite. 26. A process as
recited in claim24 wherein said catal yst conprises tungsten oxide on a
silica support. 25 27. A process as recited in claim24 wherein said
metathesis reaction is carried out at a3tlenperature in the range of 50 to
450C and a pressure from2 to 40 atnospheres. WO 03/076371 PCT/ US03/ 06968
31 28. A proceB. asAr puiaesd dsnresitgdnn2dtaighr/eivhesaindsaid gaaratEeiis ifn  the

range of 300 tq 400C and,saj ressMse Ls,.fro t .a pheres, =5 29.
A process of cﬁ'éﬁ rﬁaﬁgemﬂgrgbahgo szzggr(zt?%% %%'g]sgfeggyéegclfi g@?pgo{ Nl i s
perforned in asghyigestewal | colum. 30. A process as recited in claim1l
wherein said m xed butene feed is obtained froma pyrolysis cracking

process effluent containing 10 butadi ene and isobutyl ene and wherein said

purol el s SLacking B acse: et Luenl 12 MaseRREd B ARELY Ly il on

and hydr oi zat f b ne and I sobut yl'ene.” 31. A

Process as 1 ECh}eflidi i€l fBrinddf el #Ufided Wil gdt@nfi.oduct 1 s also 15
obt ai ned conprising the further steps of isonerizing a m xed butenes feed

cont ai ning 1-butene and 2-butene in the presence of an isonerization

catal yst and thereby converting a partion of said 2-hutene , to 1-butene and
fractionati ng BRe ef¥ PUéQﬂSSf%%Fﬁ%T&Bd”@@H%Si‘ﬁ’gﬁfedﬂ ?%‘H '?‘Bie&/l%‘r’tegel%éﬁ ut ene

product over hepd and. a 2-buyhene i ahsROLIATIS 5620 afideedbAgifingl east

a portion of S% &qggbnﬁetdggg%l %h pgkf?p(s)lm st reg?ﬁ as salgd n- but ene feedgt o]

sai d aut ongrj at hesidieh8agidoikobutylene and wherein said pyrolysis cracking process
effluent is processed by catalytic distillation and hydroisomerization for

the removal of butadiene and isobutylene.

31. A process as recited in claim 1 wherein a 1-butene product is also

15  obtained comprising the further steps of isomerizing a mixed butenes
. 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 fractionating the effluent from said isomerization to
recover a 1-butene product overhead and a 2-butene rich bottom stream

20 and feeding at least a portion of said 2-butene rich bottom stream as

said n-butene feed to said autometathesis reactor.

32. A process as recited in claim 31 wherein said metathesis catalyst
is selected from the oxides of Group VI B and Group VII B metals.

25

33. A process as recited in claim 32 wherein said catalyst is on a

support selected from silica, alumina, zirconia and zeolite.

34, A process as recited in claim 32 wherein said catalyst comprises

30 tungsten oxide on a silica support.



32. A process as recited in claim31 wherein said netathesis catalyst 1is
sel ected fromthe oxides of Goup VI B and Goup VII B netals. 25 33. A
process aworoaoirased in claim32 wherein said catal yst i s oRCa/USSHPGI6$ t
selected fromsilica, alumna, zirconia and zeolite. 34. A process as
recited in claim32 wherein said catal yst conprises 30 tungsten oxide on a
silica support. WO 03/076371 PCT/US03/ 06968 32 35. A process as recited in
claim 32 wherein said netathesis reaction is carried out at a tenperature
in the range of 50 to 450C and a pressure from2 to 40 atnospheres. 5 36.
A process as recited in claim35 wherein said tenperature is in the range
of 300 to 400@=mnd A qirdcemsesstaceetsn foiaim 32 tvohdrsin saidosgtadthess rdbt®n A

Dasi o motal | oxF ISR, OUf BF G BUBPREHEL It Aol FNEPaP Tty HnaRere S & -
i somerization prggé@r]eyﬁw' § t%ei@%%%sbhems'.\@o and CaO and m xtures thereof.
5
36. A process as recited in claim 35 wherein said temperature is in
the range of 300 to 400°C and said pressure is from 5 to 15

atmospheres.

10 37. A process as recited in claim 33 wherein said isomerization

catalyst is a basic metal oxide.

38. A process as recited in claim 37 wherein said isomerization

catalyst is selected from MgO and CaO and mixtures thereof.



