12 FEB 2007 WO 2005/009929 PCT/ US2004/ 022118 Processing C4 A efin St eaRByo7
for the Maxi mum Production of Propylene Background of the Invention 5 The
present invention relates to the processing of a Ca to C6 hydrocarbon cut

froma crackin rocess, such as steamor fluid catalyti ki
primarily f&‘o%’cg%?/o%??i on of C4 olefins to propylene via E’ﬁ%@%?@‘é@ﬁ%@ In
typical olefin plants, there is a front-end denethani zer for the 10 renoval

of nmet hane and hytocgssingQoMefim\Streams famnthe iViazimune Progdustion of

et hane, ethylene and C2 acetylene. The bottons fromthis deethanizer tower
consist of a mxture of compounds raofiRrgpylerer bon nunber from Ca to Co.
This mxture is separated into different carbon' nunbers typically by
fractionation. 15 The Ca cut, primarily propylene, is renoved as product and

is ultimately yseflafiind SR IRgMsdden of pol ypropyl ene or for chemi cal
synt hesi s such as p?op;"l ene oxi de, cunene, or acrylonitrile. The nethyl

acetyl ene an8 propadiTeeepreb&mDinviention irtiaess taishe peocessingedf @ Cheo Oy
fractionation or hydrogenati on. Hydrogenation is preferred since SQJTE 20 of
these highly undWdiRGRrBen CtcBRFLENAGCKRG BIPCRESpEHEY | ¥hE1eaR ¥byiul

i ncreasing the yj : Rn@ j p : | ene,
i so- and nornaldagéulﬁté%glts%?kh dBH@gﬁ anh%hg‘ﬁ%’%ﬁ%&ﬁ%gﬁéﬁn&g@m%&g@ed in
many ways. A typéwahesid.eam cracker C4 cut contains the foll ow ng conponents
25 in weight% C4 acetylenes trace butadiene 33% 1-butene 15% 2-butene 9%

30 isobutyl ene 30% iR&vpigalRigtimplapts. dharelise frentrenddemsthpnizer 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 Cs to Ce. This mixture is separated into different carbon
numbers typically by fractionation.

15 The Cs 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 Ca compounds end up as propylene thereby
increasing the vyield.

The Ca cut consisting of Cas acetylenes, butadiens, iso- and
normal butenes, and iso- and normal butane can be processed in many
ways. A typical steam cracker C4 cut contains the following components

25 in weight%:

Ca acetylenes trace
butadiene 33%
1-butene 15%
2-butene 9%
30 ~ isobutylene 30%

iso- & normal butane 13%



WD 2005/ 009929 PCT/ US2004/ 022118 2 Typically, the butadiene and C4 {, prpp2007
acetylenes are renoved first. This can be acconplished by either

hydr ogenati on or extraction. If extraction is enployed, the remaining 1

- but ene and remain essentially in the sane rati f the
initial feed@?%%%ﬁgﬁ% hydrogenation is enployed, 5 the .%?Fﬁ%?hg@% %Et from
but adi ene hydrogenation is 1-butene. Subsequently, hydroisonerization
occurs within the sane reaction system changing the 1-butane to 2-butene.
The extent of this reaction depends upon catal yst and reaction conditions
wi thin the hydr dyeisailyothe bytsdisne andvievagetylenes sreciemmtedplirabt This ean | i ni t

th tent of 1 h d t d { t
b the " pr oduc e eBmRInEh B¢ B miethidion & SGidlion” BRI E  oss o
but ane feedstoclérriméyewbﬁ@wﬁahmgmeb@bh@aﬁdtiowms,hé fethain B3Sertidlle e the

remaining in the mxture consi st normal ol efins (1-butene, 2-butene) and
i so-ol efins (i s@bmewaan@p thahef MIlalhalefeeﬁSchb Hi hdnegenatins i emplolyed5 bot h

i so- and nor ut ane fromth or| l fe | us, .what roduced in
the hydr ogengﬂl 6ﬁ s{r%tb yef\%I %‘@ ter?’dg?gerl?ﬁ't‘?Bn\}%m?}d't
unrecovered but @ib@eeuerme Mr@&%?né?ﬁ&ﬂomu%%rthl@%é%Pﬂéﬁ@aétﬁ:ﬁ or the
production of propylene via netathesis. Another is for the production of

et hyl ene 20 andybtsxenbanding flee dtthdeneto Shwtend.i Shelextent af ibisirea¢tinrol ves t he

reacti on of nor t enes ne an e et hyl ene.
These react i ons SBREN RO FEAL 8B AEABPN SopARnS Y EHlh o keGP aHeTy)

group VIA or VIlsyéreill alHRR¥&WR, 6t i edoriMBROpiRECE! td! NPMP P! ¢ Sﬂtenl')’@ﬂ cal
catal ysts for rret at hesis are tungsten oxi de supported on silica or 25
rheni um oxi @€ sydorisededzatiruin mader soaveid Eneer( hydingesatiyn’ andyfhiecal | y

removed fromthe feedstoc i or toth rreta e5|s action step. The
reaction of isol?u?@fcél?é‘ V\{Pﬁ{a@teﬁﬂ%ﬂeb gn‘?‘Fon b‘ﬁcfv%orﬁﬁ%{’tr%iﬁgﬁsi ?)fh with
itself and/or om%necﬂeeasto%klfb%wééqu@mtaf‘erw&?seamn&freaﬁﬁcm butbhed ene.

Non- productive reactions essentially occupy catal yst sites but 30 produce no

product. If all cemdining irethe mixturet ¢onsfsted noomahelefias 4t -beténe, 22burEBe2007 WO

2005/009929 PCT/ U Zlgg %/I |2n251(1 sobutylene). The balance of the mixture consmts of

15 both iso- and normal butanes from the original feed plus what was
produced in the hydrogenation steps and any small quantity of
unconverted or unrecovered butadiene.

The butenes have many uses. One such use is for the production
of propylene via metathesis. Another is for the production of ethylene

20 and hexene via metathesis. Conventional metathesis involves the
reaction of normal butenes (both 1-butene and 2-butene} with ethylene.
These reactions occur in the presence of a catalyst which consists of a
group VIA or VIl A metal oxide either supported or unsupported. Typical
catalysts for metathesis are tungsten oxide supported on silica or

25 rhenium oxide supported on alumina. Isobutylene (isobutene) is typically
removed from the feedstock prior to the metathesis reaction step. The
reaction of isobutylene with ethylene is non-productive and reaction
with itself and/or other Cs's is limited in the presence of excess
ethylene. Non-productive reactions essentially occupy catalyst sites but

30  produce no product. If allowed to remain in the feed to the metathesis



3 unit, the concentration of this non-reactive species would build ypggg 2907
creating capacity limtations. The reaction of 1-butene with ethylene is
al so non-productive. However, it is common to enploy a doubl e bond

i someri zatigvn%?q%%@lg %t within the netathesis reactor to ;Et@%gﬁmﬂ%ane to 5
r

2- but ene an continued reaction. Typical double

| soneri zation catal ysts include basic netal oxides (Goup I1A) either
supported or unsupported. Magnesium oxi dedor cal ci um oxi de are exanples of
such doubl e bond isomerization catal ysts that are physicall adm xed with
the nmet at hesi s eaitalhet conwendrgtion adfethis mmativ%tsmﬁiiegtwomé buoild tupe

skel etal isonerization of isobutyl ene-to normal epne. |ln.t case of the
conventi onal meleHHG wresty SRSy g BRIt febiireets FRYEEE and a
co-mi xed doubl e AR Foh-PRIRICIRE! IHSWEAraItNS bommhdetd Birptiyed JolbRt bdigs T enoved
to a level of less than 500 ppmto avoid rapid fouling of the double bond

i soneri zati on casangrizatiompatatystaviteisi tbe matathesisi rgsctor te shift tdwitens tr at e

but adi ene | eyel p.to 10,0 pp It is conmmon to l o n i sgbutyl ene
removal stepgpr iidblmteb’e P@‘? a%ﬁé%i@} %ﬂﬂqnb'ﬁé ﬁ?&ﬂ%e ﬁ%&ﬁn@"%‘e%ﬁ met hanol
to produce net hydmé@idtionr ¥atisyd iR badfE BELtacproxmar@touggrmhaithépbut yl ene

fromthe butenes by fractionation. In U S. Patent 6,358, 4 the inventors
teach 20 the resupabrted drsubsupprosted. f MagreiskinCoxide tonrealgpooxide At at hesi s.

This schene is further reflect in US Patents 6, Q7 73 and 5, 898, 091.
'n other prior  &rEmplEs qf et B BahedsnaEa OB RIS I e RYHSED pr ocess
for the productizgmiféd RidPiHeaRBtaANEkih8xaRBt.f NeBquivdlgAtt ®fcatalyBy bRRE
fraction. For nolar ratios of ethylene to butenes (expressed as 25

n- but enes) flPomfor U8 skeletabizomerizatian exitisphutulent ite ncamabbiitenst eln thest r eam

the C4 feedstgck. ffinate Il st is by definition a st
ol 1 ovi ng 1 Sobutgreng! 1oV voRtTaloPote et oo SrmlsSinb Pabed

application, theyethaa®h &4t8lyst 8BRS aQfo-mixkl dRBRYBbndfsoérRaticmeatalyat, renoval
of isobutylene by various neans; (3) renoval of the oxygenate 30 inpurities;

(4) netat hesi s d¢he bhtadiessunusinke reafidveddpea levelgif dessntban t500pEs toavelB 2007
WO 2005/009929 Fr)%!i Lf|§t%?n%4ép t%'nzel 08ubélle bond isomerization catalyst. The metathesis
15 catalyst itself can tolerate butadiene levels up to 10,000 ppm.

't is common to employ an isobutylene removal step prior to
metathesis. Options include reacting it with methanol to produce
methyl tertiary butyl ether (MTBE} or separating the isobutylene from the
butenes by fractionation. In U.S. Patent 6,358,482, the inventors teach

20  the removal of isobutylene from the Cs mixture prior to metathesis. This
scheme is further reflected in U.S. Patents 6,075,173 and 5,898,091,
In other prior art, in U.S. Patent 6,580,009, Schwab et al teach a
process for the production of propylene and hexene from a limited
ethylene fraction. For molar ratios of ethylene to butenes (expressed as
25  n-butenes) from 0.05 to 0.60, the inventors utilize a raffinate Il stream
as the Ca feedstock. A raffinate Il stream is by definition a stream
following isobutylene removal. Further, in claim 6 of the published
application, they teach the steps of: (1) removal of butadiene; (2)

removal of isobutylene by various means; (3) removal of the oxygenate

30 impurities; (4) metathesis of the resultant raffinate Il stream with 0.05



to 0.6 nolar ratio of ethylene; (5) separation of products to form a i3 pgg2007
lighter fraction of C2 and Ca stream and a heavier fraction C4 to
stream (6) separating the lighter fraction into C2 and Ca product streans;

(7) separat iv?ﬁz&o%oﬁ%a"i er streaminto a C4 stream an 5ﬂc¥h%&65§ﬂ%ﬁ‘{se C5

stream and a héavier Ca+ stream and (8) recycle of the unreacted C4 and at
| east partially the C5 normal olefins. This process specifically renoves
the isobutylene prior to netathesis. In U%S. Patent 6.271,430, Scwab at al
di scl ose a two-ste process for the production of propylene. The first step
consi sts of 10 toeddk mejprirapiot efnethyirner - flt saparatipraof fedueis doformstd eam in

an aut onet at hesi,s,rea thﬁg@é@o %5@%’?%e ?&m%pg Iﬁe{ae?e'?tﬁ&?t{'on-r&% tB.r@giucts

are then separ atlgg'tel’rn '? ep reacts specifically

the 2-pentene Widifuadh,nylBINSepgRatigy herRIpPYérefracBod idtdoCheard Chhpdupt ocess
utilizes the isobutylene free raffinate Il stream The pentenes 15 recycled

and reacted wit tsteaams;ent’}asepatatimg | thpeheaiers s{raapeiittena) C+ streais ®hown t hat

i sobutyl ene remaval froomthe CA stream car S cco |

enpl oyi ng a éonﬂpﬁeéﬂlegéﬁmﬁl(JS}tﬁtﬁeam Qpﬁlqnh?q@?{%%'gdﬁrtge%@n%r}ﬂﬁ ?gﬁ}%lé))ﬁf

dei sobut yl enei zefheSise8E1dCE: [AnG &ty fda@fpartidllySthes T8 tridivial | diefired, h THigove t he
| sobutyl ene and recover n-butenes at high 20 efficiency by isonerizing the

1- but ene to 2- burepessaspavifigadiwremoyesrtihe isabrbidenspdon st metaihesiBus i ncrease

the volatility differe | S nptog | R i |
fractionation for isdBE@%'eE@ePEéﬁ?ZF'%t ﬁcﬁfég‘fgﬁggﬁc@sﬁjﬁ@%}}%ﬁﬂ%s{c In a
catal ytic distildabbe 40w prdductio® of Fap9ined, PRE, fir8D step Aopsisty bht ,
2-butene is hydroisonerized to 1 25 butene as the fractionation occurs. This

al | ows greatlér treastirguil thutenainandandbrteneofin 1abaféinate d! betreanniy 2% t he
m xture i s separated. imlarl. 1-butene can b droi sogerize
2-butene in a caqLﬁPVteF%%sd? é*‘ﬁci“?;%tt? 5?[”? BlR&Y .e"Fﬁnge%é?%tFFﬁ‘gqﬁé@i‘”&#iam
cont ai ni ng i sobufrghtRER sefaratddlifRRe sadhdZstByl T8 third dSepPasts dpreifically 1S
difficult to separate 30 isobutylene from1l-butene since their boillng

poi nts are very ibeogeenmnel withesthnimae tonerroesemiene @nHCThusatn4/0P118 5
enploying siml tangous, fydahe EHGRhs Hearfilkte I stsdR e péntBHbENe
15 recycled and reacted with ethylene are normal pentenes (2-pentene).
It is known that isobutylene removal from the Ca stream can also
be accomplished by employing a combined catalytic distillation
hydroisomerization deisobutyleneizer system (CD DIB system), This
system will both remove the isobutylene and recover n-butenes at high
20 efficiency by isomerizing the 1-butene to 2-butene with known
isomerization catalysts and thus increase the volatility difference. This
technology combines conventional fractionation for isobutylene removal
with hydroisomerization within a catalytic distillation tower. In U.S.
Patent 5,087,780 to Arganbright, 2-butene is hydroisomerized to 1-
25  butene as the fractionation occurs. This allows greater than equilibrium
amounts of 1-butene to be formed as the mixture is separated.
Similarly, 1-butene can be hydroisomerized to 2-butene in a catalytic
distillation tower. In separating a C4 stream containing isobutylene, 1-
butene, and 2-butene (plus paraffins), it is difficult to separate

30 isobutylene from 1-butene since their boiling points are very close. By



with fractionation of isobutylene (CD DIB), isobutylene can be separq&engmn
fromthe normal butenes at high efficiency. The metathesis reaction

descri bed above is equinolar, i.e., one 5 nol of ethylene reacts with 1 nol
of 2-butene e 2 nols of propyl ene. However, co n many
cases, the dhgﬁﬁﬁﬁgg et hyl ene available is Iinited Wi §?h§?%$@%192 t he
quantity of butenes avallable In addition, the ethylene is an expensive
feedstock and it is desired to limt thé5quant|t|es of ethylene used. As
the ratio of ethylene 10 to butenes is decreased, there is a greater

t endency for thentpiamslmtdtanﬁe'a%hvdmtsnman@ﬁw vfe'dw\}nb@ltﬂﬂee@u ytenge over al |

selectivity to pr. | ene. t thes and th | e Jbond

i sonerization cg'f ‘gf%getéongpgn&wls?g)ug\gmq %ﬁf@g @éjrfzﬁegl ude
water, C02, OXYﬁW%@ﬁonﬁﬁM%téﬁeMﬂﬁbh ef’rﬂélfah'éy COWDOUHdS n| t rogen
conpounds 15 and heavy netals. is common practice to enploy guard beds
upst ream of t he met a’ﬂ'hew@atm raaﬁtlgpsieenmheﬂ Abey is eqrmmOéafowal @fe these
poi sons. oes er i f the uar are d|re bef re t he
net at hesi s r acf'? %}EY@HFJFa?ﬁr r t%%ltqug?w&%"q 5?1& %g Tons are
renoved and no B%%Pé}\esoﬂ%@é%rs%ﬁﬁﬁéh%MIw in Mhamdeassk, e E{Bélﬂitbe@ﬂ S
reactions are very sensitive to the |ocation of the olefin double bond and
t he stereo- struethyWeneobvailable igllivitgdawitholespettetn the\ gyantityofof diudeness adsor b

on the surface and. xchan oub positions wt Q roups on
ei ther sides of Yﬁ Erl ggﬁ' 'Rls! e ﬁ}&‘ﬁ’ﬁ“ﬂ%g,ag‘ Wgﬁ'f'iv&fge‘é%ﬁ E@"? gésgl fied as
productive, hal Hearézmbcﬁrhmh@buaﬁt.mnoﬂ%tﬂgleﬁé uded. AS WHeSEtib Redrasnes,

non- productive reactions resul essen no reaction taking place.

Wien the dol®l etbbuthnestis decraased, Mretetsmagreetmretaodamv farrbertuienes cul es are
the sanme as the ori a dsor Iec es thus no.productive reaction
occurs. This is ?Eﬂfﬁ%&l {h%l'?ﬁ'e? eéa‘%ﬁ“’ﬁﬁ% Ygée %Rv%r)?{frﬁﬁl?ﬂ'\@{"ofe?mﬁgt%fg

reactions between et hy{enfetathedRd catahias Al tHS doliblef Bbhy iB6RdHEdtioe
reactions occur, new products are 12 FEB 2007 WD 2005/ 009929

PCT/ US2004/ 0221mstabvstg@neuqattecbanaltwattoepomma:h Poisicoatineclude waternGPecul es

0coupy the si e, qdfifed TAEH UMAHSSIING! EihS05ndY) hito b SBfrcdnbg! ™ 110

15 and heavy metals. It is common practice to employ guard beds
upstream of the metathesis reaction system to insure the removal of
these poisons. [t does not matter if these guard beds are directly before
the metathesis reaction system or further upstream as long as the
poisans are removed and no new poisons are subsequently introduced.

20 Metathesis reactions are very sensitive to the location of the
olefin double bond and the stereo-structure of the individual molecules.
A pair of olefins adsorb on the surface and exchange double bond
positions with the carbon groups on either sides of the double bonds.
Metathesis reactions can be classified as productive, half productive or

25  non-productive. As described above, non-productive i'eactions result in
essentially no reaction taking place. When the double bonds shift with
metathesis reaction, the new molecules are the same as the originally
adsorbed molecules thus no productive reaction occurs. This is typical
for reactions between symmetric olefins or reactions between ethylene

30 and alpha olefins. If fully productive reactions oceur, new products are



nol ecules is a fully productive reaction. Half productive reactions s egg 2007
sterically inhibited. If the pair of olefins adsorb in one orientation, mﬁen
5 the doubl e bonds shift new products are forned. Alternately if they
adsorb in a diff t steric configuration, when the bon | f e

I dentical ol'e %°H§50§$23 formed and thus no new products ar géT@‘?ir?eO%{?nSﬂEe
various netathesis reactions proceed at different rates (a fully productive
reaction is usually faster than a half pr®ductive reaction) and with 10
different weight selectivities to propylene. Table A sumarizes the
reactions betwe@mnenatgd snenaliier whidhoeriensatiamthe melpculas eeupli tbasiteBet ween

t he but enes ther.*rlr%el ves,. T etreact itgnls | i steél_br ggreie:}t t he ba§e r[eaect I on
with ethylene ( gar_@?FB?ln ,e. Wesh F _yeﬁg %I HEENE° FRER VEh ® w%en_ t he
various C4 15 ehQBéNSs id b fLlly gﬁmwtiabIryadtmorﬂanctfrb@umr@pﬂbﬁé mACtion
between the selectivity to propylene fromtotal - olefins (including

i sobut yl ene) andterichlly sdiikitad. vif tthe pair pff ofgjine mdsénboim arieconiemtation, ®hesl ef i ns
involved in the_ reaction. The .teaction of isobutylene,wth 2-hytene
(reaction 6)5 pratideaelephansa ShE ARy BopPetcedorbefiol Alaraeaf ey <
reaction, 20 pr@pyb@ng aniﬁbﬁéiﬂCs%eri@tco%ﬁgéra\f@h RS ehe BohMs tahift ) aig t ot al
C4's (simlar to reaction 2) but at a 75 weight% sel ectivity from nor nal
C4's (2- but ene)denticel elpting argptwawdanddistis motnewwm produnty ere faymed. nEheat hesi s
is defined as the reactipn.of the C4 ol efi reamw th et hyl ene.. However,
the Ca stream cAMQNSReIUREYS j5acRa0t PIovESH FRietarids, AL Erodbeves
feedstock. This gpaph BNubSalRAkdsRer AP a0hal® Prbdi@h A PESdtRN) |dhd With case,
reactions 2,3 6, and 7 are the only possible reactions and will occur at
rates dependiént differant esiglate dslectikitieotpawopylene. 1PalfEBA 200Tmaki@s20®5/ 009929

PCT/ US2004/ 022118 MondFbetiieal Ethy?enl\é g \(/)arious butenes and the reactions

between the butenes themselves.
The reactions listed represent the base reaction with ethylene
(reaction 1, 4 and 5) as well as the reactions between the various Cs
15  olefins. It is especially important to make a distinction between the
selectivity to propylene from total Cs olefins (including isobutylene) and
the selectivity to propylene from the normal Ca olefins involved in the
reaction. The reaction of isobutylene with 2-butene (reaction 6)
produces propylene and a branched Cs molecule. For this reaction,
20 propylene is produced at 37.5 weight% selectivity from total Ca's
(similar to reaction 2) but at a 75 weight% selectivity from normal C4's
{2-butene). For the purposes of definitions, conventional metathesis is
defined as the reaction of the Ca olefin stream with ethylene. However,
the Cs stream can also react without the presence of ethylene as a
25 feedstock. This reaction is called auto or self metathesis. In this case,
reactions 2,3 6, and 7 are the only possible reactions and will occur at

rates dependent upon the feedstock composition.
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t E.Q>j dLNN'-C OCN~T'~+++ 7 N 4) """ mC + p+ + CC 1, frphoo®
CCOCpNCNc (Dwa-j) Nj Oa0.0OCO.0-9p20EOQC Nr yr NNyN
a) mr NCOV Lo COh 12 FEB 2007 WD 2005/009929 PCT/ US2004/ 022118 8 It is

comon pract, goﬂ‘j;/gbg%(%nventional netathesis to maxi m ze rF@AFﬁJEEb'ﬂszzntso
produce propyl ene. is will maximze the selectivity to propylene. As

such, excess ethylene is used to reduce the extent of the reactions of
butenes with themsel ves (reactions 2, 3, &, and 7). The theoretical 5 ratio
is 1 /1 molar or 0.5 weight ratio of ethylene to n-butenes but it is conmon
i n convent i onal Ithetc@niESN Precticenipl eppventiend inetathepiyiemaximize geagiipn
typically, 1.3 qr.l | r.at4 ), 0].J6l A and 7.
Under condi t1 ong. 5028 ge BRuflene e b MeRlofed Tad SAELL R, roproylcfie

i sobut yl ene and Ak sueil eReestoeth9lent é00§edid fedatbtheBRidnd @f theaehttsis 10 4 and
5), two process sequences are enployed. First, the isobutylene is renoved
prior to metat he§pygtenes wishhemselyes {(reaefians 2ndnvBdand 7)wiThe thearetigalip as t he

n- but enes arg r cled,.t ' ' l.el 1 I.S.

I somerized t 2?"‘% Iesng/ 1b®°ﬁgr%$n‘gé§nﬁﬁ}ﬁq Self %Q?\&ge%%?fgoﬂ?gp?eéﬂgg rbgjﬁ 'gést al yst
such as magnesi dah@adrslan asbriventiomalt fhetdifedib e eApIGS isigriBéatlysbredtot e t hat
this catalyst will not cause skel etal | soneri zation (1sobutylene to nornal

butyl enes) but atias. dwpicelly.he Scrubrasr mularratiocie miimizepigartionh 2¢ 8. the 2
From the met a: nadr o7 0geh Politbps Ef BREEChMIETA” anfidff ROt Hhst B8 2 na
| soneri zation cabei ¥sbutyl@RCAndON-budheldd Aot WaCethyleA8 ($dteie@ctions | M t ed
or no fresh ethylene (or excess butyl enes for
10 4 and 5), two process sequences are employed. First, the iscbutylene
is removed prior to metathesis. If isobutylene is not removed, it will
build up as the n-butenes are recycled to achieve high yield. Second, 1-
butene is isomerized to 2-butene by including a double bond
isomerization catalyst such as magnesium oxide admixed with the
15 metathesis catalyst. Note that this catalyst will not cause skeletal
isomerization {isobutylene to normal butylenes) but only shift the double
bond from the 1 position to the 2 position. Thus by operating with
excess ethylene, eliminating isobutylene from the metathesis feed prior
to reaction, and employing a double bond isomerization catalyst, reaction
20 1 is maximized.
When there is limited or no fresh ethyleng {or excess butylenes for
the ethylene available}, there are currently two options available for
propylene production. In these cases, the current technology will first
remove the isobutylene and then process the normal butenes with
25 whatever ethylene is available. The entire n-butenes only mixture is
subjected to metathesis with the available ethylene. Ultimately, if there
is no fresh ethylene available, the C4's react with themselves (auto
metathesis})., Under low ethylene conditions, reactions 2, 3, 6 and 7 will

occur, all leading to a lower propylene selectivity {37.5% or lower

30 versus 100% for reaction 1). The lower selectivity results in lower



the ethylene available), there are currently two options available fQfcrp2007
propyl ene production. In these cases, the current technology will first
renove the isobutylene and then process the normal butenes with 25 what ever

ethylene is | . The entire n-butenes only m xtureptgusiigfiBeised to
met at hesi s v‘ﬁ%lu%lﬁgbzgvai | abl e ethylene. Utimately, if tﬁere I's no fresh

et hyl ene available, the C4's react with thenselves (auto netathesis). Under
| ow et hyl ene conditions, reactions 2, 3, % and 7 will occur, all |eadi ng to
a |l ower propylene selectivity (37.5%or |ower 30 versus 100%for reaction
1). The |ower séreieng prpdusten.t dlotethasaactionsfepnd dowill R pRjoHzasoed 29
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be minimzed as aresult o € rennva I sobu ene el s but

not necessarily ze@dr oplteAladtelynahelnyolat ewspbhketiylevs anll mitbyésendsad but enes
can be matched by limting the flow of butenes to produce conditions where
5 there is a hi gitsee@®yi mitinadghetfipw of lprtenes te REaducs sansifiansnwhere

reaction 1.gBy . Jim.fL] fo Q- .1 he
producti on %f #P%rg;}% égggh; ggl?ﬂ;ttn\&ttwe th ntla H@gmﬁ%%d urt8 Eﬂgégﬂa?vévsc erhntenes

and sonme hexened.aBe lifrdting thd flogodfen-extenat to matah etbgiBnentheqiretiuctdrat hesi s
case with [ ow ethylene. The_ volune of these 10 conponents will depend upon

the et hyl ene/ n- Birsprodenats imited RY Zhe seficedRytengs Bavei ng more Cs and C6
conponents. In the ngxﬁﬁéggﬁ@gs‘;}éﬁg{e&%ﬁt apeagoq”%e{oesbﬁgbé%}géfmetﬁes_ renoved

bef ore any netat hesi s, ef1ns are nornal I'NS since no
skel et al i sonericeateémtioret engtathesistcdse winls $owblezhylons.e Thelwltrhesé théef | ns back
to the nmetathesis step where 15 for exanple the reaction with ethylene and

2-pentene wi Pl SeEmengNt withderepdsppndhe ethidene/pbuianes retie with glewee i s

recovered and r X r | | 7Lt ; lon 1 can
occur only to tﬁ%ﬁkﬁﬁuc@% ﬁ{oﬁg et Y@I%n@%@%‘ﬁ@%‘l ﬁrﬁittfgfjé %&ﬁ}ﬁﬁﬂr{gf@ﬁ{)%ese
non-sel ecti ve bypr cabeCivhere ipehltgleee iarembeadbefdre Abg imdiathHagisgelleder ©m t he
system Wile the 20 presence of these olefins inpacts the required size of

the equi prent, aPAdy definbare rymal slnfing singenarkeieebisemerizatigp gras.
production.  SURRGQfbid fFrdoPUBThE& olefins back to the metathesis step where

15  for example the reaction with ethylene and 2-pentene will occur yielding
propylene and 1-butene. The 1- butene is recovered and recycled. Note
however, with limited ethylene, reaction 1 can occur only to the [imit of
the ethylene availability. Ultimately these non-selective byproducts,
pentenes and hexenes, must be purged from the system. While the

20 presence of these olefins impacts the required size of the equipment,

they do not represent losses of potential propylene production.

Summary of the Invention
An object of the present invention is to maximize the production
25 of propylene when processing a Cs cut from a hydrocarbon cracking
process when the supply of ethylene is limited and when the Cs cut
contains high isobutylene and isobutane levels. The Ca4 stream has had
butadiene removed to a level where the inlet concentration is < 10,000
ppm. This stream is commonly called a Raffinate |. The invention

30 involves a first step {1) of subjecting the entire Ca cut to autometathesis



An object of the present invention is to maximze the production 259fgg 2007
propyl ene when processing a C4 cut froma hydrocarbon cracking process when
the supply of ethylene is limted and when the C4 cut contains high

i sobut yl ene\)ﬁg%‘gg/?ﬁgﬁt ane |l evels. The C4 stream has had %Byﬁﬁgggg renoved

to a | evel inlet concentration is < 10,000 pp Mdami s
comonly called a Raffinate I. The invention 30 involves a first step (1) of
subjecting the entire C4 cut to autonetafliflesis 12 FEB 2007 WD 2005/ 009929
PCT/ US2004/ 022118 10 prior to any isobutylene renoval. In this step,
reactions 2, 3, pfoatmaiy issbutflens rerabwale Iodblsrstapueaptlbm&pr%cﬁjemd Ve

reactions 2 and 6, .t hat roduce ei t he

i so- pent enes, pPEAbIFHALC Er‘)fﬁ °°°’F'ﬁe‘ﬁgﬁpfg'h\‘lcprgsl’r\%fv@néea&i'gﬂs% gegstt]g%tk inthis
step. In step (glodkidY profistiisid &Eﬂ&"n%téﬁés%ﬂ%@ﬁéﬁﬂeﬁ% predéiflinéling S
removed. In step (3) product propyl ene is renoved. The resultant stream
consi sts of C4' $haredis mmh\dene:UMMrﬁesdstbnksm6bIS(SI)9Pt hig $Epaﬁ7d| “q”lm'aw er

t t t d
oobuty 1 eney anfraeh atoyeng frond Hastianss a nd” ik FRublady | hBtes Foxt 10
removed from t hipgydutt Pde‘?Péﬁb'lélréﬁ@\de( SThérdukdrf stRar é@HHistb PPloitsydrRine- free

C4 streamis mxed with the avail able fresh ethyl ene plus any produced
et hyl ene from t heaviet oompansrisi sirsstep. (4THhe Gesamdihpheine compeneds ater eam

dnixed with eth bj.ect ed | th in st
(6) produci g alToTGhdPRpPBngI SHRLERaSheBitaRet nd o 8hPe 2 BEeL T yer al 1,

since reaction jobag/Ithts dhdBHIA s PR PRRAI BalaRes thMsoBtItylehé islaske ed to
fully maxim ze this reaction. Under conditions of |ow ethylene, butenes

will react Wt hremacvediroer thigkiistwianm imstepdh) 9nfbrtbelmwltapt®q;c;bmvienert | ower
selectivity, it_con s two_ butenes. (rather .t han one S i reaction 1).
By allowing realffol g? reaR} faMisEd e‘ﬁ@é R%Aet?uva'lf’g%btfﬁs/h ‘%By% Hdidon to

ot her normal bupgiREkdidthyjibee frbfrﬁfhe AHbRIRIALE Shép. STRR. isdbiftyePBRIeST ONn Of
n- but enes to propyl ene proceeds at higher selectivity (from n-butenes) and

i sobutyl ene i s Feratkeam, bydmixedcwitbrethylenér isctheonsulijested to convendiooald
conventional ne}"naétgt Se'slss 1?1 secgp (6) producing additional propylene and maximizing
1%  reaction 1.

Overall, since reaction 1 has the highest propylene selectivity, it
is desired to fully maximize this reaction. Under conditions of low
ethylene, butenes will react with each other. This will not only produce
propylene at lower selectivity, it consumes two butenes (rather than one

20 as in reaction 1}). By allowing reaction of normal butenes with
isobutylene {in addition to other normal butenes} in the first
autometathesis step, the conversion of n-butenes to propylene proceeds
at higher selectivity (from n-butenes) and isobutylene is removed by
reaction not fractionation. In the second conventional metathesis step,

25  the remaining n-butenes only are reacted at maximum selectivity with
ethylene. Since some of the normal butenes have been removed via the
autometathesis reaction (step 1), the reaction proceeds using higher
ethylene/butenes ratios than would be possible if the entire feed were

processed with that same limited amount of ethylene as in the prior art.

30 In step (4) above, the Cs and heavier components (pentenes and



25 the remaining n-butenes only are reacted at maxi num sel ectivity Wiﬁxh«Eanm
et hyl ene. Since sone of the nornmal butenes have been renpved via the
aut onet at hesis reaction (step 1), the reaction proceeds using higher

et hyl ene/ bu 1,0S than woul d be possible if the enty re
Rﬁﬂf@ﬁg@b . tpb?ﬁlsﬂtﬁ?fﬁ'zz‘{‘ﬁ

processed w sanme limted anount of ethylene as inthe prior art. 30
In step (4) above, the C5 and heavi er conponents (pentenes and 12 FEB 2007
WD 2005/ 009929 PCT/ US2004/ 022118 11 hexddes) are renpved fromthe C4 and
heavier m xture. In this case, as opposed to the systemof the prior art,
these Cs and C6heretasharemmeved from 1g@tCH angriaavies ndikiuig. dndhis$esel @ i ns. The

| So-olefins ar e LBURM Vi o/ BN S MM, tpbld P A 06FRL BhLi 1o are

formed via react maj or'i € 1Ss0- 'ns are not

removed and ar e oldotie@drmabolefin tand isb-oRsfingl eTiRe iigb-6lREing ity dBiMed #la
met at hesis step 6, isobutylene would be refornmed via the reverse of
reaction 7. Thi éeacdigesi®andil whileghsnasmat pigfiaparaiferned vig magtiens 2
production. Jhe efef | Al LGl fect of the
Bt oot at hesbs. PRaRucy FoReralttl sf3oe I Jhfts i ek PEmBEAZRbF oft Rl

addi tional 'y el itdrrénat Qvitt¥thyiepelnlthd esesehtiohal dhetatHeani step &) vubufgese si nce
essentially all isobutylene renoved by reaction in st%p_l woul d be reforned
in step 6. Bri ewa¥dds afpanedivia tlae e gd resctianydr e This geagtippowildi agr am

ot oqubti on. i g Beap Sty PHEREG By sie cRadldons T b ol

invention for psaaRamizagdtie Géneiicéli Bifsét RThE CautBitictdtesishrRobuBAsd | on of
propyl ene. 20 Description of the Preferred Enbodi nent Before describing the

present i nvERti 6#RGLIENd&ai Rropyleng piselgrtiyy opndir eddifgralbm ¢lispingtee @oduct i on

of Dr opylene il e dWAKRBREARN§ 4 RMgle S8 IATKIV B BRI | e

descri bed with refrerence I'STVay, 1t’can 2% er seen
how t he present rérvesd bonestitidreinsstapd wolky BREESrhEe ipsapuet i on of

propyl ene.
Brief Description of the Drawings
15 Figure 1 is a flow diagram of a prior art system for processing a
C4 olefin stream for propylene production.

Figure 2 is a flow diagram of the system of the present invention
for processing a Cas olefin stream to maximize the production of
propylene.

20
Description of the Preferred Embodiment

Before describing the present invention in detail, a typical prior art
system for the production of propylene from a Ca hydrocarbon stream
from a cracking process will be described with reference to Figure 1. In

25  this way, it can be better seen how the present invention differs and
increases the production of propylene.

As shown in Figure 1, the Ca cut feed stream 12 is fed to the
isobutylene removal step 14. This Cs stream has had butadiene
removed to a level consistent with the catalyst system employed. If a

30 double bond isomerization catalyst is utilized, then the butadiene is



As shown in Figure 1, the C4 cut feed stream 12 is fed to the isobutyykgReoer
renoval step 14. This C4 stream has had butadiene renoved to a |evel
consistent with the catal yst systemenployed. If a 30 double bond

i sonerizati qgg@%@%gﬁ/l s utilized, then the butadi ene | %&%sﬁ&%@oﬁgﬁgs WO

2005/ 009929 022118 12 <500 ppm The C4 cut is typica
previously described and the current options for the renoval of the

i sobutyl ene are as follows: 1. Selectivell¥ react isobutylene with methano
to formnethyl tertiary butyl ether (MIBE). 5 2. Selectively react

i sobutyl ene wi t IKPP9eRRMt oThe G ¢osclyeigselly asprepiogsly denaribgd and the

de- i SOBULY! et 26fch0 ohBIRY Fo PR niRBPH H1cE060 B0fho "R WM ond;  Tr eat ment

in a conbined hydroisoherization enei'zer catalytrc distillation

system (CD DIB 10 syst enpefedtivdly aeict Wodutydénd Wwithefighanbofohforraahethyl ene and
i sobut ane conbi ned with hydroi sonerization of 1-butene to 2-butene to
nmexi ni ze the 2-butene contastiery putybatendMIBE) -some of the n-butenes may al so

along wi th the 151 Goycl SUETIY e SBhuiin RF sRFRG TRl sbe el ™ 7

metathesis at 22. Fra@sh efrhictienstid?® il andevbddutyrneiasi e@ etmplenpotind sone
product ethylene fromseparation step 24 as stream 25 is conbined to

generate the feed 21 to tseBUbBdeRARd H9kLtangt at hesis step 22. It is compn

but not required to4i ncl ﬁlp%eat&gqgu%e {)Orf]_g[}‘iub?'% r Ihﬁa‘tj’l’gél}'{‘éﬁ%ﬂ%ﬁt f’ﬁ’gm xed 20

wi th the netathesis catalys onver ene t

met at hesi s process 22, repebut/iéneizer3cafalitl disfilation | §ademg (CO aDIRr opyl ene
selectivity of 37.5% or less. Reaction 1 will also occur to a greater or

| esser extedP dependent upestermdotfaetenation tonregrove bgthdsebutylene ans at hesi s
effluent 23 in the prior ar{ nr ‘?Q’Viﬁg)ﬂ%ﬁﬁ%ﬂié‘gﬁ%ﬁ%ﬂ"%k&e recycle

C .
25 renoval at 24, propyl ene pré%ucc{?ﬁtﬁ%grennval ractionation

at 30 to remove nost of tfe20RitefONS MdxiAizbIhd 2-butbhe dodidiini ng stream 34
contains primarily n-butenes and n-but anes
Isobutane and some of the n-butenes may also be removed along
with the isobutylene at 16. The remaining Cs stream 18 along with the
15 recycle Ca stream 20 is subjected to conventional metathesis at 22,
Fresh ethylene 19 along with unreacted ethylene and some product
ethylene from separation step 24 as stream 25 is combined to generate
the feed 21 to the conventional metathesis step 22. It is common but
not required to include a double bond isomerization catalyst admixed
20 with the metathesis catalyst to convert 1-butene to 2-butene. In the
metathesis process 22, reactions 2, 3, 6 and 7 occur leading to a
propylene selectivity of 37.5% or less. Reaction 1 will also occur to a
greater or lesser extent dependent upon the concentration of ethylene.
The metathesis effluent 23 in the prior art process then continues with
25 ethylene recycle 25 removal at 24, propylene product 26 removal at 28
and Cs fractionation at 30 to remove most of the Cs+ constituents 32,
The remaining stream 34 contains primarily n-butenes and n-butanes
with some Cs and heavier components. In order to prevent the build up
of unreactive butanes and the residual Cs and heavier components in the

30 recycle stream, a portion of the stream 34 is purged at 36. The



with some C5 and heavier conponents. In order to prevent the build ug, ¢pf 1007
unreactive butanes and the residual C5 and heavi er conponents in the ég
recycle stream a portion of the stream 34 is purged at 36. The 12 FEB 2007

WO 2005/ 009 2004/ 022118 13 renmaining stream 20| to the
met at hesi s ?f@f)dg%@b#ﬁn t he present invention, shown in FFSE’F%E@?{’SJFE% vi ng

netathesis wthout fresh ethylene or at |ow fresh ethylene | evels, an
initial autonetathesis step is purposel 93uti | ized. |sobutylene can be
reacted 5 with the other nornal butenes and | sobutyl ene conversions can
reach 50 or 609%MIAMGFERATE 20 rIGRYEIAS tp AR MednthRsistSteP A& ene according to

gt ion 7 are o e TR N or? SR SAEiALE AR B

2-butene according to re I on are propylene

aut omet at hesi s kgaiut ofigsie adthpenet bt iatedw rfregdnizitimden@neveish s ifitislecond
conventional netathesis reaction systemand a different

fractionation/ i gstumpstagisis etapvis Pupesfin etlized. nisebriviens £an Pedsactedr oduct i on
f h ; [ f
romthe ent Lgv@ﬁﬁﬁeoschéll R&aTH piRAEE abg%ﬁyﬁgﬁ%gc%@v\%sﬁ%ﬁ]@amggﬁ SE)aa'_ 8 0

ethylene to streaml1S Zéro or | éss ratio or

mol ar ratio, ther@b% 15Tl pRAIUCKS oD ¢ies sexttiar withf f-batet docoadidgttioe t ot al
propyl ene nmade from a steam cracker or fluid catalytic cracker C4 stream
that contains Feastianyl aigcethvigne sp8 A ethvd Zrpasdenawihda 4B PERIUGEIWHE t o t he

present inventi,0 ' . | Qyi IS f d by an
| sobutyl ene reng%tggﬁékééngg‘%s%gg% gpar?:ﬁa%%ﬁ %ﬁ ?:mrg{ehggtzl %{J%L,%BI nst ead
of upstream of Theséralitdiresitisesieagdctions aanitse atigsANinycambiabticedvitih a t he

prior art. Then, a second conventional netathesis reaction systemis used
wher e et hyl ERe B8censhgosyenfienal: metatdeyis) seastios: systam f and odi Aferent

here o oo _ |
the ot recycl o VgctatorBeRUEAFAY lnb0af skifaRE" oRaRfize FERVRREN, 0o '

Figure 2, m xedpftdctiodstaeikthé 2ntipabatanesgtieasid) nornmal butenes and
i so-butyl enes along with paraffins is fed to an autonetathesis reaction

step 38. This al | owsUbdesthasgceaserswberezhegnalgg ratio of ethylene to the Ca
stream is zero or less than 0.5 weight ratio or 1.0 molar ratio, the Cs

15  stream is processed more efficiently and the total propylene made from
a steam cracker or fluid catalytic cracker Cs stream that contains
isobutylene and isobutane can be increased according to the present
invention by first employing an autometathesis step followed by an
isobutylene removal system downstream of the metathesis reaction

20 instead of upstream of the metathesis reaction as is commonly practiced
in the prior art. Then, a second conventional metathesis reaction
system is used where ethylene is reacted with the recycle Ca stream
following the isobutylene removal. It is preferred that the pentenes be
removed prior to the Cs recycle to the second metathesis reaction

25 system.

Referrng to Figure 2, mixed Cs feedstock 12 containing both
normal butenes and iso-butylenes along with paraffins is fed to an
autometathesis reaction step 38. This allows only reactions 2, 3, 6 and
7 to occur., Reactions 2 and 6 will predominate since they are faster

30 reactions. This will produce propylene and both n-pentenes and iso-



7 to occur. Reactions 2 and 6 wll predom nate since they are faster {8pes 2007
reactions. This will produce propyl ene and both n-pentenes and iso 12 FEB
2007 WD 2005/ 009929 PCT/ US2004/ 022118 14 pentenes. Inportantly, to the

extent that W$asboshRNe is present and reacts via react ppfRooidR11s
selectivity of propylene fromthe n-butenes is 75%instead of 37.5%as it

woul d be via reaction 2 or zero as it wuyld be via reaction 3. Further, to

the extent that reaction 7 occurs with 5 ﬁsobutyl ene, ethyl ene product from

the autonetathesis is avail able for recgcle Whi Ibe there is notre ui renent
for feed conposPBTERSHatMROrtantly; o the extanthat jabutylene is PressNt 2Nyt ene t o

the sumof 1-but&pes dRdeatfictpal yﬂeegaeétﬁ/iﬂewprapkﬂanewﬂﬁﬁ the nBLtbAds 8
conversions in this auto netathesis step. In I's case, a double bond

i someri zati on c@b& yreteadsofl87 8% asdt essiltt be yiausedtiom 2corderoas itonmowidt h t he
met at hesi s catalyst. Since tt}_e drg;;ﬁg\ation reactions u?ed to repove the
but adi ene to | ofF &R EFFHOR 3o FH’HK‘-‘(S'( MR PEieR Rt LeaCtigR HPCUEUVERe to
2-butene, the a%%@tylgﬁé)tétﬁg@ﬁerp%a t3Ford tRE RREMbithBGs S4BV Aifable Ryt ane and
i sobutylene 1s easier to obtaln under conditions where sone butadi ene

| eakage from 15radyelehydthilgeherteiismoseapirérserd fooiest aonipbsitiadiraties, likisel s ar e

>500 m  Fol | owi.n he aut onmetathesis reaction at 38, .a,recycle stream 62
i s adggd (to bep@fﬁrﬁﬁﬁsn t eFE)t'oar?g %‘?’Hﬁr@néoﬁf‘ecﬁm ioéihﬁ’ué%ﬁﬁ ﬁpaduct or

unreact ed et hyl gagyhdehe @ yegr at irf‘QrdeTWoSnﬁkﬁﬂi&Srlf‘or&%réi&nsa\i'@ithiébé&o for use
| ater in the process. The ethylene renoval at 40 1s followed by 20
separati on of thetpthepisl eep. gndbisctaséq aatoubl: bdmk isOinaizdtibe datayst ief f | uent

47 fromthe, propyl ene separati on st 46 is.then separated [nto_.. a C4 stream
50 and a Cob st PELRRGRSSSHN U6t GPmbIAtian yEt e nstithess catalysh; Since

concent rat | ons §e fhioGEnditsh RBBHLRY uSRTRIBRIANS tHE BRAIb R0 RvEgMi N, the

| sopentenes forned by reaction wth iIsobutylene 1 n the 25 autonetathesis
step coul d be salssguoenite hydecistmdrizatidn et hydudere to I2sbineng) tmeabwovd-d be

re-forned by reaction with f et hyl ene and/ or roduct , pr | ene, by the
Fever e of 1 eactIRgHENES SHP 7T ENBHENS Kofd By ol Kbts 1 ReRHUINe Fay t he
normel pentenesgaLie: & bMWY uhBePERifiond Wherd SOEutalRhe TBAIRLGRGRIM, they

react to form propyl ene and nornma
15 the hydrogenation step is allowed and butadiene levels are > 500 ppm.

Following the autometathesis reaction at 38, a recycle stream 62
is added {to be explained later) and ethylene 42 comprising any product
or unreacted ethylene is removed at 40. This ethylene 42 is available
for use later in the process. The ethylene removal at 40 js followed by

20 separation of the propylene product 44 at 46, The Ca and heavier
effluent 47 from the propylene separation step 46 is then separated into
a Ca stream 50 and a Cs+ stream 48. This occurs in a debutanizer 48.
If high concentrations of the Cs and heavier components were allowed
to remain, the isopentenes formed by reaction with isobutylene in the

25 autometathesis step could be subsequently reacted with ethylene.
Isobutylene would be re-formed by reaction with feed ethylene and/or
product propylene by the reverse of reactions 6 and 7. Note, however,
that to the extent that the normal pentenes are allowed to pass to the
conventional metathesis, they react to form propylene an'd normal

30 butenes which is a desirable reaction. At this point, there is a mixture



30 butenes which is a desirable reaction. At this point, there is a 1 Xs4d7
12 FEB 2007 WD 2005/009929 PCT/ US2004/ 022118 15 of n-butenes, isobutylene,
and both iso and nornal butanes and sone C5 and heavier materi al .

Alternately, t s of propyl ene separation 46 and C4 I can
ndifunbfl e RERRLT S

occur in a p. A single fractionation tower can I zed
where the overhead product is the propyl ene product 44, the bottons product
is the C5 + stream 49 and the C4 stream %B is renpved as a side draw for
the tower. The C4 stream 50 contains the unreacted normal butenes (1- butene
and 2-but ene) anfindnytenes. dachwylensoand bytheisesandrpprenal putprds andse@st to the
i sobutyl ene remval eratio . Inportantly, the total isobutylene flowto
t he i sobutyl ene Faﬂ%3§PV§ ezg?ﬁ%h has been reduced because a |large fraction

of the butenes, aboupiteffstél9, 6G% denRnN@if neropylerich&cphrfion @@ BnelorBser si on,
has been converted to either propylene or C5's and renoved fromthe feed
prior to the is8érargtiensan@esyrin &singlesstpaud single fragiionalipenioyver sant he

Lo pr ovessi gt RE Rt BRokE T Sverfesif oo £ 18 P g BACAE, R0

i sobutyl ene is pefeMRdpRsdut ikOthen®t af heBédm FBearids aheltQd efteamebovial avoi ds
unproductive netathesis reaction 20 with ethylene in the foll ow ng process

step. The opti oregmpyed agle sitedraveder theolutsfl ene renoval processes previously

identified. Wth respgct he. Rr oc i.npvol vin he i k4 h

met hanol to produce ﬁﬁ“’Blﬁ:4 gtg?ﬁg'v ‘T’Qo%ﬂ‘?%ﬁ%ﬁﬁei@r%%%ﬁ\&/e'bqr%?f@g&?ess\ghtt ane is
not renoved, it pltke aie 2PbUitARE) RNVABYERBAGBENSO-Hutlendte THIsTR Bfenn- but anes
at 54. This 25 is also true of the renoval techni que where isobutylene is

reacted withO i sery to the fsabutylson ceraned oneratiore$d . c Avportemidy. pivegttali | |
Fesult of the {BuBRFeBRwaR bereileyb et dBeRaR B e L o
remove the isobgtatiseneldpye fradfiéh oNdid BiteAbS CabRATBOSS 1B Josdtipehaing. Thi s
reduces 30 the volume of the recycle and %ur ge thereby increasing the C4
utilization. on the single pass conversion, has been converted to either propylene
or Cs's and removed from the feed prior to the isobutylene removal 51.
16  Thus, the requirements for the isobutylene and isobutane removal step
are considerably reduced as compared to processing the entire iso C4
flow as would be the case where the isobutylene is removed prior to
metathesis.
The isobutylene removal avoids unproductive metathesis reaction
20  with ethylene in the following process step. The options include the
four isobutylene removal processes previously identified. With respect
to the process involving the reaction with methanol to produce MTBE,
only isobutylene is removed. Since isobutane is not removed, it must
be purged downstream along with the purge of n-butanes at 54. This
25 s also true of the removal technique where isobutylene is reacted with
itself to form isooctenes. In these case, the purge will contain normal
butenes as well thus limiting the propylene production as a resuit of the
loss of normal butene feed. Using a de-isobutyleneizer to remove the

isobutylene by fractionation also removes the iscbutane. This reduces

30 the volume of the recycle and purge thereby increasing the Cs utilization.



12 FEB 2007 WO 2005/ 009929 PCT/ US2004/022118 16 The preferred opti QRefR%007
renmovi ng the isobutylene at 51 is the previously described
hydr oi someri zati on de-i sobutyl enei zer catalytic distillation tower (CD DI B

tower). Thi ?“E%Sl&%% removes both i sobutane and isobut %f’%gz"w#”%'}tﬁeal SO
-bu

| sonmeri zes ené to 2-butene. This 5 maxim zes the recovery o0

n- butenes, by mnimzing the 1-butene that is lost with the isobutylene in
the overhead product, and it produces al® or nost of the n-C4's recovered
as a bottom product fromthe tower as 2-butene. This will maximze

propyl ene sel ecti vi t }he prafaeed @ptionpiop cemevisgeibie isobylan®@thng1tindhe

| sobutyl ene rempval step,.at .51 and any r lred, . . 54, .
i sobut yl ene fr eBeAGE md‘fécfléedsﬂ’mdé@§%@eﬁgaﬂo n\(;i H?é%%geﬂglznéf acf%ttglgf'g W th
ethyl ene at 58. difhigatRihWRINGCDDIB 1©WER). THiiE ABt BAlytrBmMoves bytieebldaae may have

been produced in the autonetathesis step 38 by reactions 3 and 7 and
renoved at 42 aprd tisrbutylenedetitaitoalae isgmerizash 1 dBitendtpeddugenayalliabl e. The

Caroctivity Se MestppEaadavaery s SE prhesg iy, iRl PRI, s <

Wth the |imteghalidwbEnfth 1 ischiMbnWin thB®veARBH rdARR, and R pré@fdesons
proceed nore efficiently. Further, for the case where 2-butene is nmaxi m zed

by enpl oyi ng a &l dr oiosbeé the atGomrezoversdiasabbetip@nioduet tramathgt towver
distillation tower, ,the pr | ene selectivit IS xi.m.zed yia reaction 1.
The effruent 62 AsRITRET b m MoREaa Aibhueng FREHTIGE 8 TR  conbi ned
and processed Wpiddetdetgf.fluent fromthe first autonetathesis reaction at

38. Listed below are various exanples for processing a C4 stream 25
consi sting B 18, 625Fdigming ghe dsabwtglene semovak stepfadl  bandnyoresiviedi on  in

rzr? L u'? g;geg :8953/; lél%tggg %agg%)obﬂfnggeaﬁge d0eata B & rs%B]%cgécP 8 G ebfiona 0 CiS

metathesis with ethylene at 58. The ethylene is a combination of the
ethylene that may have been produced in the automstathesis step 38 by
reactions 3 and 7 and removed at 42 and the limited amount of fresh
185 ethylene 60 available., The reaction between ethylene and 2-butene
proceeds rapidly and at high selectivity as described above in reaction
1 for conventional metathesis. With the limited ethylene, by removing
the isobutylene, the reactions proceed more efficiently. Further, for the
case where 2-butene is maximized by employing a hydroisomerization
20 de-isobutyleneizer catalytic distillation tower, the propylene selectivity
is maximized via reaction 1. The effluent 62 from the conventional
metathesis reaction at 58 is combined and processed with the effluent

from the first autometathesis reaction at 38,
Listed below are various examples for processing a Cs stream
25 consisting of 18,625 kg/hr of a Cs stream of the following composition

in mol percent:

i-butane 28.38%
n-butane 16.42%
trans 2-butene 14.09%
cis 2-butene 8.89%




WO 2005/ 009929 PCT/ US2004/ 022118 17 1-butene 12.53% Butadi ene 0. 81%4 ppg 2007
i sobutyl ene 18.64% other 0.24% i sobutylene as % of total butenes = 33.9%
2- but ene/ (1-butene + iso-butylene) = 22.98/31.17=0.73 5 In these exanpl es,
several dif el s of ethylene are considered as t he
first case, R@%g}ag/&dﬁér ethylene is available as fresh feegjr)ugﬁflgh?lgpr esents
a hi gh ethyl ene/ normal but enes wei ght rati o of 0.41. 1In the second case,
1375 kg/ hr of fresh ethylene is availabld7 10 This is a reduced, noderate
weight ratio of 0.21. ln-the third case  only 590 kg/hr of fresh ethylene is
available. This is a eght ratio of|Q 09 Produk?i8@fe terial bal ances
will be defined for eadButeflienbese cases tonparing bot®.&1f [conventi onal
processi ng schenme wher|gisoBiftylen@but yl ene i 5 renoved pr18)164tw nmet at hesi s and
the processing schene | ghet he present invention. Figurg2ho |- Exanmple 1
Conventi onal Processin th—Hgh Ethylene ~ 20 Tn this case 2750 kg/ hr fresh
ethylene is available for a n-butene flow of 6651 kg/hr. This is a 0.41

wei ght ratio or a 0. &@blrdsie head ofrmtaabutate'so: T¥e98kt eri al bal ance is
summarized in Table B. 25 Step 1. The C4 feed is first sen% to g Catalytic
Distillation DI B to@e‘?”tfﬂe%@Pée’GOM'st?‘ﬁY'eB‘F) |'5083t%§/§ﬂe 477@-73obut ane i s
renoved as overheads 16. The bottom product 18 (9570 kg/hr) is essentially
a pure 2-butene stream m xed with paraffins. 12 FEB 2007 WD 2005/ 009929
PCT/ US2004/ 082118 tHése Staep!és, stherabdiffeoantdévedsiof éthylenenare ednsidetedaas

conbi nati on of
follows:

In the first case, 2750 kg/hr ethylene is available as fresh feed.
This represents a high ethylene/normal butenes weight ratio of 0.41.
In the second case, 1375 kg/hr of fresh ethylene is available.
10 This is a reduced, moderate weight ratio of 0.21,
In the third case, only 590 kg/hr of fresh ethylene is available.
This is a low weight ratio of 0.09,
Production material balances will be defined for each of these
cases comparing both the conventional processing scheme where
15 isobutylene is removed prior to metathesis and the processing scheme

of the present invention,

Figure 1 - - Example 1
Conventional Processing With High Ethylene

20
In this case 2750 kg/hr fresh ethylene is available for a n-butene
flow of 6651 kg/hr. This is a 0.41 weight ratio or a 0.85 fresh feed
molar ratio. The material balance is summarized in Table B.
25 Step 1. The Ca feed is first sent to a Catalytic Distillation DIB

tower 14 where 9054 kg/hr of isobutylene and isobutane is removed as
overheads 16. The bottom product 18 (9570 kg/hr} is essentially a pure

2-butene stream mixed with paraffins.



fresh ethylene 19 and recycle ethylene fromthe deethyl enei zer 24 and; gkRS007
recycle 34 fromthe ¢4 fractionation system 30 (after purge 36) and 5 fed to
the netathesis unit 22. The netathesis unit contains both a netathesis and

a doubl e bo%'b@%a%%zati on catalyst. There is a once tgegmgg,gg,&%ﬂor mal
0

but ene conversion and the nolar selectivity to propyleneis

Selectivity is defined as the nols of propylene produced per nols of

et hyl ene and n-but enes consuned. Note thd@ythe 10 conversion of the snall
amount of isobutylene is |ow due to excess ethylene. Step 3. The ethyl ene
is separated in the deethyl eneneizer 24 and recycled for high utilization
(98% . 3981 kg/ hr of SpemaduciThetbptiansireans s orixed withr geembinatianogfe t he

| ] f i ' he, f | i
Sombi nod it 0t AEBRREVRAF Y Bt achels SnlRGR el 1N ARSIl RE 26"
et at hesi s reactRg rekdcleBLBrom te EPtrabticHatBhGIstein B0 @FePYLRREIG AHuCt

(containing 20 8145 kg/hr propylene) is recovered as the overhead 26 from
the depropybendeddo the. mstatheds uBitf 82e The yrdtathesiseudt containsnbth jas

fractionated at 30 .to.rempve, sone, of . the Ce's and. all t he heavi er

mtert oo, 1t 1 g AaBFed jsafakalief Hoidet IRIRATECL st ream
since they can Qﬁrdu%ﬁ%é%ﬂnaﬁnéleﬁﬁtrehb%n@ﬂﬂs‘?& ah@! theWndGr fsefsdtivtaddl on at

30, the remaining stream 34 has a purge 36 to elimnate C4 paraffins

from the netat espdenodp 99fhe Sglestivity is atefippddag shaanolevef ardpvigne
tilizati 889 t hi s _dil th d i derably Wit ffins.
paraf {1 ns 30 ar @ SRPEPRETelAC SHAE T SERLST doneumiegs diaidnBBbRor ¢ he
CA's to 12 kBB 208fYersiA 3P0%¢ QRANZEMBGTY bEZBMIER! 18 Ih9 did'®d edBéds 12 FEB
2007 WD 2005/ 009929 PCT/US2004/ 022118 N F C MML

ethylene.

Step 3. The ethylene is separated in the deethyleneneizer 24

and recycled for high utilization (98%). 3981 kg/hr of product ethylene,

15  which is purged to remove the small amount of ethane contained in the
fresh ethylene stream, is then combined with the 2750 kg/hr of fresh

ethylene 19 for feed to the metathesis reactor 22,

Step 4. A total of 8163 kg/hr propylene product (containing
20 8145 kg/hr propylene) is recovered as the overhead 26 from the
depropylensizer 28.

Step 5. Before recycle, the Cs stream 29 is fractionated at 30

to remove some of the Cs's and all of the heavier materials. [t is not

25 necessary to remove all the Cs's from the Ca stream since they can be
recycled as described above. Following fractionation at 30, the
remaining C4 stream 34 has a purge 36 to eliminate C4 paraffins from

the metathesis loop. The Ca's are recycled to achieve a high utilization
{88%) and this dilutes the feed considerably with paraffins. Paraffins

30 are 49% by weight of the metathesis unit feed and 60% of the Cs's to
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WO 2005/ 009929 PCT/ US2004/ 022115 21 Figure 1 - - Exanple 2 Convent 05 2007
Moderate Ethylene In the second exanple, half the ethylene is avail able
(1375 kg/hr 5 fresh ethylene). This represents an ethyl ene to n-butenes

rati o of Ow%]z?% obdrgction or 0.43 nol fraction. The matgrfasohdgge is
sunmari zed in (]e C Step 1. This is identical to exanple 1 and 9570

kg/ hr (18,624 10 m nus 9054) of feed is creat ed for the conventi onal
netathesis unit. Step 2. Wth reduced eth yl ene, the selectivity to

propyl ene is reduced. The nol ar sel ect|V|t drops to 88.8 %from99 % The
et hyl ene conversion is higher (66Figuresd @) € butene conversion 15 is

| ower (36.5 vs 59) under thes&onventianah de&‘"&pﬁtbwe‘l‘ﬂe ethyl ene is recovered
and recycled. Step 4. The propylene is recovered. As a result of the | ower
20 ethylene flow, the t}mbcgeyabﬂdlexannpm,lhhlmhe bmwmiseawatlabléllﬁﬂ&ggﬂv from
8164 kg/hr. A drop of 37% Step 5. The unreac%ed C4 S e recycl.ed ,al ong
with a subst@nt ffﬁﬁh GHBVIPPS)n o-fh'ﬁ H@P@egtsp%cﬂ ¥lgnByto qtﬁv\%sr 2 &t ve

reactions. The g %&%H U of 44 oMer ﬁé)&}b(ﬁrs_m $Eeaﬂ%tém gsmhes &or high

butene utili zatl on crea es very large recycle e total netathesis reactor
flow incr easessummarﬁaa?ﬁﬂaglehc to 43883 (a factor of 1.3). In order to
limt the inert concentration to approximately 60% of the C4 stream and
thus avoid excessive capital and energy costs, purging is increased and the

o0, S9etbbosss. beas LEEY, SIDBIEMARRRFATpRo L Ue) SETCHURY (0PD 207

N M;I~2~ 10 minus 9054) of feed is created for the conventional metathesis un|t

Step 2. With reduced ethylene, the selectivity to propylene is
reduced. The molar selectivity drops to 88.8 % from 99 %. The
ethylene conversion is higher (66 vs 40%) and the butene conversion

15 is lower (36.5 vs 59) under these conditions.
Step 3. The ethylene is recovered and recycled.

Step 4. The propylene is recovered. As a result of the lower
20 ethylene flow, the propylene production is reduced to 5110 kg/hr from
8164 kg/hr. A drop of 37%.

Step 5. The unreacted C4's are recycled along with a substantial

portion of the Cs's produced by the lower selective reactions. The

25 combination of lower conversion and the desire for high butene
utilization creates very large recycles. The total metathesis reactor flow
increases from 33777 kg/hr to 43883 {a factor of 1.3). In order to limit

the inert concentration to approximately 60% of the Cs stream and thus
avoid excessive capital and energy costs, purging is increased and the

30 overall utilization of butenes decreases {79% versus 88%).
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NccY(0Oya2 VV-=+cvcocvcVc3y 12 FEB 2007 WO 2005/ 009929
PCTI US2004/ 022118 23 Figure 1 - - Exanple 3 Conventional Low Ethylene In

this final Wg@g@,@%ﬁ} r the conventional case, the fresh g&hyéRcn28s1 S

al nost zero ry. This represents a fresh ethyl ene/n-butenes of 0.08
weight ratio or 0.18 nolar ratio. The material balance is summarized in
Table D. Step 1. This is identical and 9390 kg/ hr of a feed is created for
10 the conventional netathesis unit. Step 2. Wth still further reduced
ethyl ene, the selectivity to proﬁ'ﬂpéﬁjé -i~EXanBle Ror se.  The overal | nol ar

sel ectivity drops from 88.8 % Cenyentipng Law Ethylengqui val ent to 57.6 wt %
selectivity fromCa's. 15 The butene conversion is essentially the sane
(37.3 vs 36.5 in exanpihs fi2jl exatpie fdrabe coovahtionainsaseSthepir8sh gthylerehyl ene i s
recovered and recycled. Wth the low |evel of fresh etrvr{l er)e, this flowis

very small. 20 & amast ze(83QbkghdneThis rerreses eyfrest ethylena/ndulineshe very

I t hyl f h ' I+ hr f
5110 kg hr TPt o QeoReIH B B8 MRl etg L g 5

The unreact ed Cumnedarizeddsyl@bdDal ong with a substantial portion of the
C5's produced by the | ower selective reactions. The conbination of | ower
conversion and the desire for high butene

Step 1. This is identical and 9570 kg/hr of a feed is created for

10 the conventional metathesis unit.

Step 2. With still further reduced ethylene, the selectivity to
propylene is even worse. The overall molar selectivity drops from 88.8
% to 76.8 %. This is equivalent to 57.6 wt% selectivity from Ci's.
15  The butene conversion is essentially the same (37.3 vs 36.5 in example

2) under these conditions.

Step 3. The ethylene is recovered and recycled. With the low

level of fresh ethylene, this flow is very small.

20
Step 4. The propylene is recovered. As a result of the very low
ethylene flow, the propylene production is reduced to 3521 kg/hr from
5110 kg/hr. This is only 43 % of the production of example 1.
25 Step 5. The unreacted C4's are recycled along with a substantial

portion of the Cs's produced by the lower selective reactions. The
combination of lower conversion and the desire for high butene
utilization creates very large recycles. The total recycle flow increases
from 32379 kg/hr to 36800. This increases the conventional
30 metathesis reactor flow to 47265 kg/hr or 40% more than example 1.
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Figure 2 - - Exanple 4 (Present Invention Moderate Ethylene In this
exanple for the case of the invention, t fresh ethylene 5 is 1375 kg/ hr.
This represents a fresh ethyl ene/n- butenes of 0.21 wei ght ratio or 0.41
nol ar ratio. This case is. fiouee 2y Bomple dolPeesent lavertiond 2. The materi al
bal ance is summarized in Table E. %egerate Ethylenet onet at hesi s 38 (aut onet)
t akes pl ace between

In this example for the case of the invention, the fresh ethylene

5 is 1375 kg/hr. This represents a fresh ethylene/n-butenes of 0.21
weight ratio or 0.41 molar ratic. This case is directly comparable to

example 2. The material balance is summarized in Table E.

Step 1. The autometathesis 38 {automet) takes place between
10  butene-2 and isobutylene. This results in a high selectivity to propylene
via reaction 6. The isobutylene conversion is 57 % while the n-butenes

conversion is 59%. -

Step 2. The product along with recycle 62 goes to the de-
15 ethylenizer 40 where product ethylene from autometathesis as well as

unconverted ethylene from the recycle is recovered.

Step 3. Propylene is recovered. The propylene product is 5748
kg/hr. This is 12.5% higher than the propylene production from the
20 conventional case of example 2 {5110 kg/hr) with the same fresh

ethylene usage.

Step 4. The depropyleneizer bottoms is sent to a debutanizer 48
where the Cs's 49 are purged. The overhead 50 goes to the isobutylene

25 removal 51.

Step 5. The Catalytic distillation CD- DIB removes the
isobutylene remaining and the isobutane. The flow to the de-isobutylene
unit 51 is 31114 kg/hr. This is larger than case 2 with the same

30 ethylene flow. However, the isobutylene content is 1625 kg/hr or less

than 50% of the fresh feed. Isobutylene content sets the fractionation



10 butene-2 and isobutylene. This results in a high selectivity to piomd moe
via reaction 6. The isobutylene conversion is 57 % while the n-butenes
conversion is 59% Step 2. The product along with recycle 62 goes to the de-
15 et hyl eni ggfq &?}} o¥3sr e product ethylene from aut onet at hgSjgs8f0M8he as
unconverted ethylene fromthe recycle is recovered. Step 3. Propylene is
recovered. The propyl ene product is 5748 _kg/hr. This is 12.5% hi gher than

t he propyl ene production fromthe 20 cof@entional case of exanple 2 (5110
kg/hr) with the same fresh ethylene usa? . Step 4. The depropfyl enei zer
bottons is sentretqH"ﬂ"‘&BEﬁJf’%f‘QEF vatilifhe BSPF\B"‘@@"@ engray SoB§ TR 8IS The

over head 50 goeéolgﬁgtclﬂ'% rbdQ &{ r¥]1I o%erlﬁ@eﬁrbiﬂe figheP 5. The Catal ytic

distillation renoves I sobut remai ning and the isobutane.
The flow to the de-iBobhbtbreds sent to tha aoav@iﬂbhﬁai kptéhesi$heactosalbagger t han
case 2 with the sane 30 ethyl ene flow. However, the isobufylene content is

1625 kg/ hr or | wéb ethyane 56‘% prraerts qanyohthearaffinseantegl. eNetachcieidl sets t he
[racti onali an 12 R 2087 V0 2001 999929 POTLISPORY! CRRLIA Zved S T erom:

due to its voI he  capi and ener costs for this urm are
reduced in spite70f Kglier forregamploRurmEhié rrmneas“éhe theti$abiRylicAe $eadtedl @ot he
conventional netathesis reactor alon wth ethylene after purge to control
the paraffin colffenpentggeein Hie aypretathess rpaetge 54 for Ca's Plus Cs+ 49 is
7452 kg/ hr. This conmpares to 5712 kg/ hr for exanple 2. This increase is the
i sobutyl ene reacted to formpentenes in the autonetathesis reactor. Step 6.
The conventional net$gebed sTheaohwentivhabmetatksisacactor uils athydéne) aof
ethylene to n-butene of 1.70. The ethylene is_primarily fresh and recycle

ethyl ene, sithced ratq pEethylens: ferrbutengafohdPat Haasethyl eneés Pamasily freshi gh
it oret athesi s PALESRE R RReCYnAr Mo, tbrifecfi dRbyBtRRES. The b, 1y
both the high efshﬂd;leh&mm@frbm eesonmatsion af dokrfeeohi@matmal butenes in
the autometathesis reactor. Thus propylene is produced at high
selectivity by both the high ethylene to n-butenes ratio and the high 2-
15  butene content of the recycle from the CD DIB b1. The effluent is

recycled to the deethyleneizer 40 for product recovery.
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15 butane content of the recycle fromthe CD DIB 51. The effl uent
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Exanple 5 Low Ethylene This is an exanple of the process of the invention.
The available fresh ethylene feed is on?§ 590 kg/ hr. This case is directly

conpar abl e
Figure 2 - - Example 5

Low Ethylene
This is an example of the process of the invention. The available
fresh ethylene feed is only 590 kg/hr. This case is directly comparable

to example 3 and the material balance is summarized in Table F.

Step 1. There is the same autometathesis reactor. 59% of the
n-butenes and b7 % of the isobutenes are converted without ethylene.
Note that almost 300 kg/hr of ethylene is produced. Again, in the
automet reaction, propylene is produced at 44% molar selectivity from

all the Cs olefins but at 66.5% from the normal Ca olefins.
Step 2. The ethylene is recovered and recycled.

Step 3. The propylene product 44 .is recovered. The total
propylene production is 4374 kg/hr. It is significantly greater than the
conventional low ethylene case where only 3521 kg/hr is produced with
the same ethylene consumption. This represents an increase of 24%

compared to the conventional processing scheme of the prior art.

Step 4. The effluent is sent to a debutanizer 48 where the Ca
and lighter components are removed overhead for subsequent
fractionation and the Cs+ components are purged from the system (or

recycled to the cracker).
Step 5. The remaining isobutylene and isobutene is removed
using a CD DIB in 51, Note that the DIB bottoms feed to the

conventional metathesis unit has very little Cs + material.

Step 6. The DIB bottoms is sent to a conventional metathesis



to exanple 3 and the material balance is sunmarized in Table F. Stepi2lrgB 2007
There is the sane autonetathesis reactor. 59% of the n-butenes and 57 % of

t he i sobutenes are converted w thout ethylene. Note that al nost 300 kg/ hr

of ethylene is produced. Again, in the automet reactio | IS

pr oduced at YRR sel ecti vi ty from all the C4 ol ef |n[F1Cs %tgmg)?ﬂg%. 5% from
the normal C4 olefins. Step 2. The ethylene is recovered and recycled. Step

3. The propyl ene product 44 is recovered29The total propyl ene production is
4374 kg/hr. It is_significantly greater than the conventional |ow ethylene

case where onl yuBB2aftrey/mirge st repaiieb Parpkfiin  conterdaneSideh{gasiiens owunpt i on.

Scheme of the pPTBFAR g gfeyfend, € SRR, P aE FApARIb 3R Beocr2s™

where the C4 agthylérdt TheCUEPGIBE BF BtiRyiend RNMPVEEn@SsBE®Y therdesirasequent
fractionation and the C5 + conponents are purged fromthe system (or

recycl ed to theopprgtkdpis. Mttathesis mastipemii aimelar Jebat 9f eHylentd 1o stbut ene i s

renoved using | B, i 1. te e DI otto fee he
conventi onal ne?ﬁ{%r%ggi s%fuﬂif' ha@pe\/eerfbﬂﬁtt ﬁ?ereggc_%eﬁaﬁ%rf% .fgggeéPG&'eThe D B
bottons i s sent dkethaler@zarentional netathesis 12 FEB 2007 WO 2005/ 009929
PCT/ US2004/ 022118 2 unit after purge to control paraffin content. Side
reactions are mnimzed and propyl ene is produced at high selectivity from
the ethylene. The quantity of ethylene is low and is set by the desire to
operate this netathesis reaction at a nolar ratio of ethylene to n- butenes
of 1.7. The effluent is recycled to the feed of the deethylenizer. 12 FEB
2007 WD 2005/ 009929 PCT/ US2004/ 022118 mC "N 2 N O M N
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PCT/ US2004/ Mﬁoogﬂfsv The advant ages of the invention arlz ass%oooﬁ/qzél\kg: 1.

| sobutyl ene can be processed directly yielding additional propylene. By
keeping the iso C4's in the feed, reactidhs 2 and 3 are 5 minimzed by
increasing reactions 6 and 7 and the selectivity of propylene from n-butenes
i s maxi mi zed. Flihe Rdvantaiges gf ébe nventiantare as ddllows:ol ef i ns are avail able for
conventional netathesis and this can be

1. Isobutylene can be processed directly vyielding additional

propylene. By keeping the iso Ca's in the feed, reactions 2 and 3 are

5 minimized by increasing reactions 6 and 7 and the selectivity of

propylene from n-butenes is maximized. Further, the greater quantity of

n-olefins are available for conventional metathesis and this can be

processed into propylene. This is achieved only if the majority of the Cs

isopentenes are removed before the conventional metathesis step.

10
2. By converting and thus removing a large fraction of the
isobutylene via reaction prior to using a hydroisomerization de-
isobutyleneizer or other isobutylene removal option, the flow is reduced
saving capital cost.

15

3. By using a hydroisomerization de-isobutyleneizer system (CD DIB}
following the reactor, the remaining isobutylene can be separated from
the n-butenes thereby maintaining high recovery of 1-butene that would
track with the isobutylene in simple fractionation. This also rejects the
20 isobutane and thus reduces recycle quantities. Further, since the normal
butenes are recovered as 2-butene, reaction 1 is maximized and the

selectivity to propylene maximized via reaction 1.

4, In the conventional flowsheet with isobutylene removal before the
25 single metathesis reactor, the conversions are sensitive to the quantity
of both ethylene and 1-butene which are present. The reaction of 2-
butene with itself is non-productive {not shown in Table A). If a CD DIB
system is used at this point, the feed to metathesis is 2-butene. Under
conditions of low ethylene and low 1-butene, the butenes conversion

30 will be low as shown by the comparison of examples 1 and 2 where n-



processed into propylene. This is achieved only if the majority of therEs007
i sopentenes are renoved before the conventional netathesis step. 10 2. By
converting and thus renoving a large fraction of the isobutylene via

reaction pri jong a hydroi sonerization de- isobuty | ot her
i sobut yl ene‘%zn&gg/g#§%pti on, the flowis reduced saving %ggﬂsgﬁ%%glts. 15 3.

By using a hydroisonerization de-isobutyl enei zer system (CD DIB) follow ng
the reactor, the remaining isobutyl ene c88 be separated from the n-butenes
t hereby maintaining high recovery of 1 -butene that would track with the

i sobutyl ene i n Biigfeeconarsioondrdnied raMs 50 40 B8Pect Shishaviboepdlspit ane and

recovered as . Bifened Pakebh i achie/e fien PUsBls e BT B BHRGTED T1°

propyl ene naxi mhardsyi af r@acihpraient. identith,t eyt dBLteAES OfsHverdionshaet with
i sobutyl ene renoval before the 25 single netathesis reactor, the
conver si ons ar emginsined\avengatilpy efhsiene yailailityot Tp BmrimignSoarersiensut ene

1N 1 PSS g o SR eADs i o HPSICH he 36 by T BRI v

(not shown i oi'nt, the feed

to metat hesis i andidubueyiene YREEIH becb@idanaS 4Hd h By et hyl ene and | ow
1- butene, the butenes conversion 30 will be | ow as shown by the conparison

of exanples 1 and 2 where n 12 FEB 2007 WO 2005/ 009929 PCT/ US2004/ 022118 32

but ene conversi gn dropped fro 7.10.39% .This wll r g .increased
recycles to ac_hl?’éve _ﬁ'i gh&i%sdrteeg‘}es eﬁ%’i‘f?ygﬁ'cﬁﬁ "B&hﬁsﬁoﬁgzﬁhénalp?%é{egé of the
present inventi efisiel alyrouh@seSortRY®Y 8Ff (S @h@lenBRaNhdigleBed® catalpdt | ow
ethylene availability. To maxi m ze conversions 5 in the autonetathesis step,

the ratio of02- puttenehaving semeaemerizatiop actingy inHeed.s dbistipprordzesibel d be
betveen 05 andaleengoebfad TBRAHE B USTERRBIPNSL ) 888 T g BT O
catal yst 10 sygh®ipshayistin JAitathesiRBindZad e bastiivormiriakios estalybhd)s
| sonerizes the has been shown to be susceptible to butadiene poisoning under
autometathesis or low ethylene conditions. Thus the selective
15  hydrogenation unit {or the CD DIB) may be required to more fuily
convert butadiene and thus have losses to butanes by
overhydrogenation. However, with a back end de-isobutyleneizer, the
feed to the metathesis is a mixture of 2-butene plus 1-butene and
isobutyiene. The reaction of 2-butene with either of these butenes is
20 fully productive and thus no isomerization activity is required and high
conversions can be achieved (569% n- butenes in example 4 versus 39%
in example 2). This allows operation with the WO3 on silica metathesis
catalyst only and thus allows a high butadiene tolerance. The butadiene
can be as much as 10,000 ppm in the fresh feed. The butadiene will
25 not build up since it will be hydrogenated in the back end de-
isobutyleneizer, Ultimately this processing scheme will increase the net

butenes feed to metathesis.

6. In the reaction of butenes with themseslves and to the extent that

30 pentenes are formed, there is a loss in selectivity to propylene. In the



2-butene back to 1-butene to allow reaction 2 to occur. A m xed bed 3 rgg2007
catal yst system (netathesis and doubl e bond isonerization catal ysts) has
been shown to be susceptible to butadi ene poi soning under autonetathesis or
| ow et hyl eng. ¢ iti.ons. Thus the selective 15 hydrogena i r the CD
Dl B) may be%gﬁﬁﬁﬂ@g% to nmore fully convert butadi ene angbﬁﬂgé&wgegglosses
to butanes by overhydrogenation. However, with a back end

de-i sobutyl enei zer, the feed to the net@B3hesis is a nmixture of 2-butene

pl us 1-butene and isobutylene. The reaction of 2-butene with either of

t hese but enes i sopveitigra) spruehestintbe seattiohuwithethywenserisobitylaneaoustivity is

requi red and high copnver si ons can be ach'eveg 59% n- bu&eneg_gn exanpl e 4
versus 39% in ?dﬁ‘ﬁf’ ec%s_ aPHree %f‘?a&}\/@r'gb '5‘965 S3HF ?ch'ﬁte W3"Be8 i ca

net at hesis  cat ghysko@al BuiRNSh ik SlskansurdiehicaRebptiadorditiohs) araie. The
but adi ene can be as much as 10,000 ppmin the fresh feed. The butadiene
will 25 not bui ledtans tbatilyeo nerml | buténesirgagtoyish dheraselves incthpaoatathasisde-

i sobutyl enei zer. Ul tinat t hi,s_.processi schee will increase the net

but enes. {eed5t o SRABTIRSS oo RIS Ba SR T AR AT SRR el ves
and to the exterp th@@rodiRRiopest ﬁ%?gleﬁé.e difédrach isbbﬁgﬂfeﬂéisalohpﬁ pufhe
selectivity to propylene. In the FEB 2007 WO 2005/ 009929

PCT/ US2004/ 0221 p8ioB30 ihenkeaatiponitl issegue etkicient thaejeetspimen ofithe ieehyl ene,

i sobutyl ene nus e rejected as a.purge stre rior.to athesi s since it
does not react %&ﬁ@e% ST E G 'Bnﬂ%h@“@%e?%ﬁﬁd@?epcﬁ??thy%rleée"t _
conditions. To jhentRNKt &hile tHih iMPoVIAG L BARSY bEMSIMY blitdnagniel ves in
the nmetathesis 5 reaction 2, 62.5 w% of the normal butenes form pentanes
and are |o0si0 t prepvens argexionzing the opymal butengs fokreahtion withethyiene i s | ost
to purge prior to the reaction, it is nore efficient to reject sone of the
i so- butylene as isopentenes in the autonetathesis step of the present

i nvention while both inproving the selectivity of nornmal butenes to 10
propyl ene and maxi m zing the normal butenes for reaction with ethylene. 12
FEB 2007 WD 2005/ 009929 PCT/ US2004/ 022118



34 CLAIM5S 1. A process for the production of propylene froma C4 ol ¢4 ¥fiB 2007
stream 5 containing n-butenes, isobutylene, paraffins, and |l ess than 10, 000
ppm of butadi ene conprising the steps of a, passing said C4 olefin stream

i n contact gégggmgﬁéat hesis catal yst whereby autonet at pgﬁygmgﬁ&g{ and an
ST produ

aut onet at hesi t I's produced containing ethylene an propyl ene and
heavi er ol efins Including isobutylene aad paraffins; b. fractionating said
aut onet at hesi s product to renove an ethylene streaml eaving a

deet hyl enei zed stream of said propylene and said heavier ol efins and
paraffins; 15 c. fractionating said deethyl eneized streamto renove

propyl ene product |eaving a depropyl enei zed stream of said heavier olefins
and paraffins; d. processing said depropyl enei zed streamto renove

I sobutyl ene |l eaving a remai ning C4 and heavier olefins stream 20 al so
containing paraffins; e. purging a portion of said remaining 04 and heavi er
olefins strdaMM8 |init paraffin buildup; f. adm xing the remaining portion
of said remaining C4 and heavier olefins streamw th a quantity of ethylene

oo hen oo ¢ hovol B PERL BRI HSHS Fohh &5 el oL V! ene
et hyl ene Sel ectteitinguakbutéres, tisabutyie e, mfﬁnﬁf,oand desisd thant 40080 fPpresdl et hyl ene
2007 w0 2000 B05IB SRR TR IAPNES 15" 55" ¢ pacsi ng sai d adnixture in
contact with a ned.at hemissing stadd g tolefianstreaime ire bgntpetoditit isnmetathasin/ent i onal
metathesis product — coREad "SRl ' ABMmetitfiNe Securs  and  an
autometathesis product is produced containing ethylene and
10 propylene and heavier olefins Including isobutylene and
paraffins;
b. fractlonating said autometathesis product to remove an
ethylens stream leaving a deethyleneized stream of said
propylene and said heavier olefins and paraffins;
15 C. fractionating said desthylenelzed stream to remove propylene
product leaving a depropyleneized stream of said heavier
olefins and paraffins;
d. processing said depropyleneized stream to remove
isobutylene leaving a remaining C4 and heavier olefins stream
20 also containing paraffins;
e. purging a portion of said remaining C4 and heavier olefins
stream to limit paraffin buildup;
f, admixing the remaining portion of sald remaining C4 and
heavier olefins stream with a quantity of ethylene sufficient for
25 conventional metathesis wherein said quantity of ethylene
comprises said removed ethylene stream and an amount of
external fresh ethylene selected such that the molar ratio of
said external fresh ethylene to the n-bufenes in sald C, olefin
stream is from zero to 0.8; and



6 2, A process as recited in claim1l wherein said conventional netat Egghg 07
product is conbined with and fractionated with said autonetathesis pl po
10 3. A process as recited in claiml wherein said step d of renoving

i sobutyl ene i a catalytic distillation hydroi soner] I -

i sobut yl enei‘i@%&?@?é’ss wherein 1-butene is converted tﬁf&‘é@%d@?{&ﬂ%
cancelled 15 5. A process as recited 38 claim 1 wherein said butadi ene
level is limted to a level of less than 500 ppm 6. A process as recited
in claiml where the autonetathesis catalyst 20 consists of a group VIA or

VI TA netal oxide either supported or unsupported. 7. A process of claim®6
where the autonetathesis catalyst is tungsten oxide on silica. 25 8. A

process of claim Me%a%?félgesﬁ%@gﬂt@%w?‘glﬁa&%mlg%ﬁtﬁegg@aﬁgt with a

G oup ||l A basic nttal sonerization cataly 9. A process
of claim8 where the diightherelyharodisingr a aenventional: metathesls predushesi um oxi de.

30 12 FEB 2007 WD 200300002 SaRHA5eAMA022118 36 ~10, A process as

recited in claim1l where the” convent net at hesis catal yst consists of a
group VIA®Dr VIIA netal oxide either supported or unsupported. 5 11. A

process of clal m 30 Wigr Erooligs CRNVEGelORA cidfR! 3 Wfigleh SHid! ¥ovehfiondi UNgst en
oxide on silica. I2. A process of claim10 ere the conventional netathesis
catal yst is meiathesis produat is comiined with| andsastienated with saldiautsmetathesisnd

i sonerizati Oﬁzﬁﬁic"ﬁl yst. 13. A process of claim 12 where the double bond

i sonerization catal yst is nmagnesium oxide. 15 14. A process of claim 10
where the conventional netathesis catalyst Is

10 3. A process as recited in claim 1 wherein sald step d of removing
isobutylene comprises a catalytic distillation hydroisomerization de-
isobutyleneizer process wherein 1-butene is converted to 2-butene.

4, cancelled
15
5. A process as recited in claim 1 wherein said butadiene level is
limited to a level of less than 500 ppm.

6. A process as recited in claim 1 where the autometathesis catalyst
20 consists of a group VIA or VIIA metal oxide sither supported or unsupported.

7. A process of claim & where the autometathesis catalyst is tungsten
oxide on silica.

25 3. A process of claim 6 where the autometathesis catalyst is admixed
with a Group IIA basi¢c metal oxide double bond Isomerization catalyst.

9. A process of claim 8 where the double bond isomerization catalyst
is magnesium oxide.
30 '



fornmul ated to have both the netathesis reaction function and a double.\n?gﬁgm,7
| soneri zation function. 15. A process for the production of propylene froma
C4 olefin stream 20 containing n-butenes, |sobutylene, paraffins, and | ess
t han 10, 000 ppm of butadi ene conprising the steps of: a. passing said C4

ol efin stregﬂfﬁﬂyggﬁpact with a netathesis catalyst mhePEEQSEﬂW at hesi s
occurs and an autonetathesis product 38 produced containing ethylene and 25
propyl ene and heavi er ol efins Including isobutylene and paraffins; b,
fractionating said autonetathesis product to renmove an ethyl ene stream

| eavi ng a deet hyl enei zed stream of said propylene and said heavier ol efins
and paraffins; 30 c. fractionating said deethyl eneized streamto renove
propyl ene 12 FEB ,2007 / | eavi ng
a depropyl enei zeoi‘%st r éaﬁyr?? %%g%g%&g%gﬁji{a% tﬁ%ﬁ*@gﬁﬁ"}%ﬁéﬁ %‘*@%H%‘s

processi ng seatalyste pongists eofea zgrdup t Vidaor t\ilA enatale oxide éther sBEpportect ioon

| eaving a nixeg 64 reant a, processing said mxed C4 streamto renove the
i sobutyl ene UheR PW%ia remai ni ng normal C4 ol efins stream al so contai ni ng
paraffinsg f. purging a portion of said remaining normal C4 ol efins stream

10 to Iimt paraffin Quil : 1.0 r | I\ rLi ai d
remai ni ng C4 ol ef1i1ns %fp%%%Oﬁ?ﬁg%g%gﬁhFi}Sm&@?h@lrﬁ%@ﬁ%{ﬁlﬁ ﬁ?%f"g%ttlsf or
convent i onal tungstentbokideion silibar ei n sai d quantity of ethylene conprises said
removed et hyl ene stream and an anmount of external fresh 15 ethyl ene sel ected
such that the nolar ratio of said external fresh ethylene to the n-butenes

in said C4 ol efi m2st r dgprodess of tlalm 28 heteothd cBnvemidndl. metattsisigeatalyst iadmi xt ur e
In cont a$ (B V\gérﬂixgd r\ﬁthaat &%ﬁb ?IA%aat:s%l rxgt%l &?d% double bond isomerization catalyst.

13. A proéess of claim 12 where the double bond isomerization catalyst
is magnesium oxide,

15 14. A process of claim 10 where the conventional metathesis catalyst Is
formulated to have both the metathesis reaction function and a double bond
isomerization function.

15, A process for the production of propylene from a C4 olefin stream
20 containing n-butenes, isobutylene, paraffins, and less than 10,000 ppm of
butadiene comprising the steps of:

a. passing sald C4 olefin stream in contact with a metathesis
catalyst whereby autometathesis occurs and an
autometathesie product is produced containing ethylene and

25 propylene and heavier olefins including isobutylene and
paraffins;

b fractionating said autometathesis product to remove an
ethylene stream leaving a deethylenelzed stream of said
propylene and said heavier olefins and paraffins;

30 c. fractionating said deethylenelzed stream to remove propylene



t her eby produci ng a conventional netathesis product containing 20

addi ti onal

propyl ene. 16. A process as recited in claim15 wherein
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conventional netathesis product is conbined with and fractionated with said

aut onet at h
said step

| uct. 25 17. A process as recited inpehaisiodaMer ei n
Sﬁ%?ﬁo?@&ﬁg& ng isobutylene conprises a catalytic gl séﬁ ation
hydr ol soneri zatl on de- isobutyl enei zed7process wherein 1-butene Is converted

to 2-butene.
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product leaving a depropyleneized stream of said heavier
olefins and paraffins;

d. processing said depropyleneized stream to remove the Cs +
fraction leaving a mixed Cy4 stream,;

e. processing said mixed Cq4 stream to remove the isobutylene
ieaving a remaining normal C, olefins stream also containing
paraffins;

f. purging a portion of said remaining normal C; olefins stream
to limit paraffin buildup;

g. admixing the remaining portion of said remaining C4 olefins
stream with a quantity of ethylene sufficient for conventional
metathesis whersin said quantity of ethylene comprises said
removed ethylene stream and an amount of external fresh
ethylene selected such that the molar ratio of said exiernal
fresh 'ethyiene to the n-butenes in sald C, olefin stream is
from zero to 0.8; and

h. passing said admixture in contact with a metathesis catalyst and
thereby producing a conventional metathesis product containing
additional propylene.

16. A process as recited in claim 15 whereln said conventional
metathesis product is combined with and fractionated with sald autometathesis
product,

17. A process as reclied in claim 15 wherein said step e of removing
isobutylene comprises a catalytic distillation hydroisomerization de-
isobutyleneizer process wherein 1-butene is converted to 2-butene.



