CLEFI N | SOVERI ZATI ON AND METATHESI S CATALYST CROSS- REFERENCE TO RELATED
APPLI CATI ON [ 0001] This application, pursuant to 35 U S.C. 119(e), clains
priority wo0i08283rovi si onal Application Serial No. 61/ @ed/u3@y/0féhed

Sept enber 4, 2009, which is incorporated herein in its entirety. BACKGROUND
OF DI SCLOSURE Field of the Di sclosure [0002] Enbodi nents disclosed herein
relate generally to the processing of a C3 to C6 hydrocarbon cut from a
cracking pr SBEFIN ISOMERIZATHIN AND VEETATHESIS GATALYS Far i 'y f or
conversion of C4 olefins to propyl ene via netathesis. Background [0003] In
typical olefin plants, such as illustrated in U S. Patent No. 7,223, 895,
there is a front-end denet hani zer for the renoval of nethane and hydrogen
fol | owed by a de€iR@SSzBEHRIRENEErEQoREL ATER) AR IEARJIENe and C2
acetylene. The bottonms fromthis deethanizer tower consist of a m xture of
compou angi Ngry; g n foro t ' I Sy
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The C3 cut, Brovisianall yppliepygh Seeial No. red iddePoadilgt Septemband, 280U I whinlmtie! y
used for the production.of .Pol propyl ene or for chem cal synthesis such as
propyl ene oXREPOrRlDAEEIN Py itsg ‘%%'ni trile. The nethyl acetylene and
propadi ene (MAPD) inpurities nust be renoved either by fractionation or
hydr ogenati on. Hydr ogen@BAGKOGRQUNRQEDESGEOSURE of t hese highly
unsaturated C3 compounds end up., ropyl ene thereby increasing the yield.
[ 0005] The C4 cut, consisting %fﬁg;gpﬁl@g%ﬁgﬂgg, but adi ene, iso- and nor nal
but ene d iso : L
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in arefinery or. FCC based C4 .cut are simlar, with the exception that the
per cent age é% #%%??iCHEV%{FIQHBS 4O éfﬂK/’rOBV]gﬁ?gp.m‘ft@ B} Typically, the

but adi ene and C4 acetylenes are re Jddgrst. This can be acconplished by
ei t her hydrogenation or extraction. The product from butadi ene and
[0003] In typical olefin plants, such as illustrated in U.S. Patent No. 7,223,895, there

is a front-end demethanizer for the removal of methane and hydrogen followed by a
deethanizer for the removal of ethane, ethylene and C, acetylene. The bottoms from
this deethanizer tower consist of a mixture of compounds ranging in carbon number
from C; to Cg. This mixture may be separated into different carbon numbers,
typically by fractionation.

[0004] 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 of these highly unsaturated C; compounds end up as
propylene thereby increasing the yield.

[0005] The C4 cut, consisting of C,4 acetylenes, butadiene, 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 in weight %:



C acetylene renoval is designated Raffinate |I. If extraction is enployed,
the remai ning 1-butene and 2-butene renmain essentially in the sane ratio as
t hat of twe0mvsml feedstock. |If hydrogenation is enpl egedis2adamsdéoné ti al
product from but adi ene hydrogenation is 1-butene. Subsequently,

hydr oi sonmeri zati on occurs within the sanme reaction system changing the
1-butene to 2-butene, The extent of this reaction depends upon catal yst and
reaction conditi onleblg k- nlypieal Capytisapransnisgrd Neaghd RETCRpABSfer , it is common
practice to limt the extemt of ~hydroLSQITET T 78] in order to avoid "over
hydr ogenati on" and the pr oducti%“nxg‘%tﬂgﬁ anes ?&%‘% but enes. This woul d
represent a | oss of butene| feedsBagMicher downsixeam operations. The butenes
remaining in the mxture cpnsist of normal ollefing (1-butene, 2-butene) and
i sool efins (isobutylene). [The ballabiencof the|mXeure consists of both iso-
and normal but anes from t hejorigi 'ﬂlgut£1¥66d ptus gé)oat was produced in the

hydr ogenation steps and any snmal|l” quantity of uncgnverted or unrecovered
but adi ene. [0007] A Raffinpte | Isdbuedenccan be Fogpther processed in many
ways. A Raffinate Il streamis by definitionla strleam follow ng isobutylene
removal . |sobutyl ene can belspemsiNermal Butanghek3%f| ways. It can be rermpved
via fractionation. In fractronatton—+i+sobutane—wt+ be renoved along with
the isobutylene. In addition, sone fraction of the 1-butene will be |ost as
vel . The reguldoaponias id Madfrety oMFCEC baguat@y dut prd similad, yithah&ekceptiod thas and
paraffins and m ninmal isool efins and isoparaffins. |sobutylene can also be
renoved vi a thepweensige eartiianareicaptiderebly g&seati on with nethanol to form
MTBE, r ion w th water .to formterti-ar t al cohaol r tion.with
itsel feip gbélgr m a lcga lgbf}}eﬁgut%%ﬁ%eon &ntcé‘} %/cﬁglgﬁnl‘\é g ra"éeag%ll%vne dc%%te's, fsn%"ﬂl be'

par af fi ns argcdaplished®y @itherdiydrédeustidher dxitattivre Thd prodaditfeind bhatikne andral
and iso- paraffins. The paraffin content and conposition of the Raffjnate
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conponents of the '
depends upon catalyst and reaction conditions within the hydrogenation system.

However, it is common practice to limit the extent of hydroisomerization in order to
avoid “over hydrogenation” and the production of butanes from butenes. This would
represent a loss of butene feedstock for downstream operations. The butenes
remaining in the mixture consist of normal olefins (1-butene, 2-butene) and iso-
olefins (isobutylene). The balance of the mixture consists of 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.

[0007] A Raffinate I stream can be further processed in many ways. A Raffinate II
stream is by definition a stream following isobutylene removal. Isobutylene can be
removed in a number of ways. It can be removed via fractionation. In fractionation
isobutane will be removed along with the isobutylene. In addition, some fraction of
the
1-butene will be lost as well. The resultant Raffinate II will contain primarily normal
olefins and paraffins and minimal isoolefins and isoparaffins. Isobutylene can also be

removed via reaction. Reactions include: reaction with methanol to form MTBE,
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reaction feed are essentially inert and do not react, and are typically
renmoved fromthe process via a purge streamin the separation systemthat
fol |l ows twe 2o0mv@astsesi s reactor. Typical catalysts for neCatise@vms@re
tungsten oxi de supported on silica or rhenium oxi de supported on al um na.
Exanpl es of catalysts suitable for the netathesis of olefins are described
in U S Patent No. 6,683,019 and 6,420,619, for exanple,. |saobutylene

(i sobut ene) TRsflopavithewaigetp formniextisey peiahalcekal, ¢irieastiongVith gselbiostorBd Gs
reaction st : [0 i ' t [ tive
and eact oy IR SepBRfihS T Al (AR bIGGE e Pk el e Re F R BUBHHC
excess et hylmineure Noitl- poidinc bothensramt tandnsoe paeffinsal | Theopaaffin cantahtystd si t es
but produce no pr,o,duc%. I f allowed to remain in the feed to the netathesis
unit, the coRBWREIFGRPhivedtaftingts liigmacts dorpeireapRiosesSNBAPYOBYI | d up creat i ng
capaci t gm t at i | f ks i i
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i sonerization catal yst ysically adm xed wth the netathesis
cat al yst. Noregiénedl €littesc oeactivad yetur exithd prefsencet dfea gkeipeVEA drs\blidringtat i on
of i1sobutylene to normal. butene. In the case, of conyenti onal t at hesi s
ayst om eyl GYISGEBETH Bk SRESRL SeIPRT e e SRR SATRUBITS bR

i sonerizati QRa¢idh #iStre edsBEtAMtiAct BRE JOUST reh&, HRIBY efhiddlyademeVal fréth thess
than 500 ppmto avoid rapid fouling of the double bond iSonerization

cat al yst. Theogest aihespwee strghmsin thesedparagion tystear shas followdi thpandtathedis up
to 10,000 ppm [[0009] .In s cases, . an i saqbutyvl ene r. val ep I.5.enpl oyed
prior to netrgi“%%rsi ﬁ'mﬁ%t?agaggﬁ? % | DGEHeESET Tyl W )flﬁér%n%?q? i 0%[ %)lﬁca dh
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met hyl tert irBéniulubyide eéuppbrtédMidBEaldhing e p@xaiphy bheailagsbukyitshe fbr ahe t he
butenes by fractiognation. U S. Patent No. 6,3 482 di scl oses the renoval
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Non-productive reactions essentially occupy catalyst sites but produce no product. If
allowed to remain in the feed to the metathesis unit, the concentration of this non-
reactive species would build up creating capacity limitations. The reaction of 1-
butene with ethylene is also non-productive. However, it is common to employ a
double bond isomerization catalyst within the metathesis reactor to shift 1-butene to
2-butene and allow for continued reaction. Typical double bond isomerization
catalysts include basic metal oxides (Group IIA), either supported or unsupported.
Magnesium oxide and calcium oxide are examples of such double bond isomerization
catalysts that may be physically admixed with the metathesis catalyst. No equivalent
co-catalyst exists for the skeletal isomerization of isobutylene to normal butene. In
the case of a conventional metathesis system employing both a metathesis catalyst and
a co-mixed double bond isomerization catalyst, the butadiene must be removed to a

level of less than 500 ppm to avoid rapid fouling of the double bond isomerization

catalyst. The metathesis catalyst itself can tolerate butadiene levels up to 10,000 ppm.



Il streamas the C4 feedstock. [0010] The typical netathesis process takes
the Raffinate | feedstock and renpbves the majority of the isobutylene via
fracti onavoanio/@s2edescri bed above to forma Raffinate | PCTIU$2400i056036 ep, t he
i sobutene is renoved as well plus sone quantities of normal butenes,
dependent upon the fractionation conditions. The Raffinate Il is then

adm xed with ethyl ene, passed through guard beds to renove poisons, .

vapor i 1600%Und pr dheamedasesd ah égbbutyleriseremoral Hiew issemplayed pyor thhmetghesit i ng
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di scl oses all sweast &pthpCodedstotlor t he producti on of propyl ene. The first
step consists of reacting 1-butene and 2-butene in raffinate Il streamin
an aut (w&rm]at hesi]gleytlé@E‘i‘liIB?{a'E‘631$ W%rt@ﬁ?ltﬁgéfg‘%teffﬁgﬁf% @nﬁmowd cts
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the 2-pentene™w yl en orm propylene and 1-butene. This process
utilizes thdli dobhbisydtemehé iwbuteat fis nahevdd aswebaius Foree prantiessofr eapel ed

d ted with ethyl | . pent 2- 00121 .
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systemto both renove the isobutylene and recover n-butenes at high
ef ficiency tyclicssdemdAbdio theemetathesis meacters2- Thgtapgeting tchnditionh afesiypseilz at i on

cat YU ok DY SRR P L LA RISGR S gy

hydr oi soner isggdrited ik flatfloraiticAtadtythi Fidi Sikcictiyddriedn rdcovered oberhbhdSin Phisent

No. 5, 087, 78t8w£:roanﬁrrggync?gdi t% Qﬁé regu-:‘c?);J g}?s?e?n.i %he tower bottoms are then sent to a second
tower where the propylene is recovered overhead. A side draw is taken containing the
majority of the unconverted C4 components and recycled to the reactor. The tower
bottoms containing the Cs and heavier products plus C4 olefins and paraffins are sent
to purge. The purge rate is typically fixed to contain sufficient C4 paraffins to avoid
their buildup in the reactor recycle stream. In some cases, a third tower is employed
on the tower bottoms stream to separate the C4 components overhead and the Cs and
heavier components as a bottoms stream.

[0011] U.S. Patent No. 6,271,430 discloses a two-step process for the production of
propylene. The first step consists of reacting 1-butene and 2-butene in a raffinate II
stream in an auto-metathesis reaction to form propylene and 2-pentene. The products
are then separated in the second step. The third step reacts specifically the 2-pentene
with ethylene to form propylene and 1-butene. This process utilizes the isobutylene

free raffinate II stream. The pentenes recycled and reacted with ethylene are normal

pentenes (2-pentene).



hydr oi sonmeri zed to 1-butene as the fractionation occurs. This allows
greater than equilibriumanounts of 1-butene to be fornmed as the mxture is
separ at edvoSpnrwvd2saelry, 1- butene can be hydroi soneri zed t ®CZ2AISRALNE60761 A
catalytic distillation tower. In separating a C4 stream contai ni ng

i sobutyl ene, 1-butene, and 2-butene (plus paraffins), it is difficult to
separate isobutylene from1-butene since their boiling points are very

cl ose. [891 Ul oyilsputilend remeclsfrpmditls Sanstréaratdapnales bhacsomplisaed bo

2-butene with fractionation.of i.sebutylene, .isobutylen . ed

from the norMRIOBEE h&EMRMCH; Gy é%ﬁélr% ion }fygig%gﬁrxef Zgﬁ%%?dqaefﬁ%ggﬁ'g&r%{ezg%:ti on
descri bed alkouemit® Wfklir&RbA thelisébutylomean®k@o0ér £blithens: Kighefhicivhdyhbyl ol e
of 2-butene to produce 2 noles of propylene. However, conmercially, in many

cases, the dimgrizing g bbHigneie aburnapid krown isomegizafiam catalypis @ndi hus ne

quantity of . enes ' Le. itien, I ' fve
f eedst ock aﬁ%%%sa}% t éé?lvérlg@lt?o d}f?eﬁ’l&%%t he?gﬁa&]%?jp:g%gyo? &g{)ffr}% Zﬁ)él%élgtg(g@ As
the rati o offraetibiydt©nefdroisbbitglees remodecwitbskyiroisbmegzdtonawithimatecatilgticlency
for the butenes to react with thenmsel ves which reduces tge overal |

sel ecti vi t y dissilighiopyioege. [mddlF] Patatndearnéd) B0c40 AAjgehbrighiy 2 hderfoddl e
bond isoneri J: Ly st e ol -1 i Bol

/el ude wat £y pnBLd W BuBCa e BadRpRIG! YEah, PSR g e
conpounds, aqdilibeiamyammingd sf 1-btitehs tcberfiomep rathd mextore isrgracatedy uSinadldokyds
upstream of the netathesis reactjion systemto insure.the renoval of these
poi sons. It ld%@}%%n Eﬁ'ﬁ’(ygFm?CfmechSg éogi'g}“ﬂn‘bé'a§ ey :}lésé‘lnla O%é?‘ﬁ?re {hhe
met at hesi s reachiOn SYS! aesh tohigl URHuERaM as.bhRRE, addt heuRlkesS PhISs ar e
removed and no new poi sons are subsequently introduced. [0015] Metathesis

reactions amerafing), geissdiffiondt toosdpaeaté osbutydeneofromh é-butest | sinagothisirebaibngl and
t he st ereo-strttlct ure of1 theBi ndi vi dual. nBI ecul ﬁsd Dur i n% t he Leac: itoHé t he
doubl e bond POHISHE SpasIPSe B FRPIoN ISR InegHs Ploisome diog of e 1: ahge
doubl e bond poshltéRwithittaati bk of BTASEbuBONH $soBltydinehan i #psratld frdia tHoubl e
bonds. Met at hesi sreactions can be classified as productive, half productive

or non- pr odmerhglebutenss gikieh efiwdenghove, non- productive reactions result in
cssent L 10, A5 hEA Sl AR SPaBILNE SouRiBRprs, Al
adsor bed nolegguiRsrehdisiSvithol RoRIICE-biRné eRpiodate 2aedlésSof glopglehs Hypicoal for
reacti ons between symmetric ol efins or reactions between ethyl ene
commercially, in many cases, the quantity of ethylene available is limited with respect
to the quantity of butenes available. In addition, the ethylene is an expensive
feedstock and it is desired to limit the quantities of ethylene used. As the ratio of
ethylene to butenes is decreased, there is a greater tendency for the butenes to react
with themselves which reduces the overall selectivity to propylene.

[0014] The metathesis catalysts and the double bond isomerization catalysts are quite
sensitive to poisons. Poisons include water, CO,, oxygenates (such as MTBE), sulfur
compounds, nitrogen compounds, and heavy metals. It is common practice to employ
guard beds upstream of the metathesis reaction system to insure the removal of these
poisons. It does not matter if these guard beds are directly before the metathesis
reaction system or further upstream as long as the poisons are removed and no new
poisons are subsequently introduced.

[0015] Metathesis reactions are very sensitive to the location of the olefin double
bond and the stereo-structure of the individual molecules. During the reaction, the

double bond on each pair of olefins adsorb on the surface and exchange double bond

positions with the carbon groups on either sides of the double bonds. Metathesis
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and al pha olefins. If fully productive reactions occur, new products are
generated no matter which orientation the nol ecul es occupy the sites. The
reacti on wetzamansmthyl ene and 2-butene to formtwo propyCeruis2mlosas es is a
fully productive reaction. Half productive reactions are sterically
inhibited. If the pair of olefins adsorb in one orientation (typically the
cis position with respect to the attached };R;higrou s), when the dqubl e bonds

( ] P
shift, new peastioet sammbe ¢lassHicd. aspraduptivee | Ralf prodyeves 85 HPB-Predustivg.f A% ent
steric configuratijo he t Siti , t shi ft
i denti cal oldg%lﬁ%tgh aa!ri!)g(’%’o{r?or?égr%gﬁc&%htetg&tg@snre?a&gp %d%%@gg Zhof ggra%‘té%ﬂ tté?ﬁ%g
various met pldtesiWhéreaetdoable hands sisitt with dictdthestnteactiing she(gew molgcufpsaskict i ve

reaction is usually faster, than a Ba f r%g%c%ve reacgtion). Table 2
summari zes fhfestBact ithhsrigpalleedsy % BRI RISIHHVE TEL LR L LCHE-
reactions betyegn. 1iba BHLE0RHs HIRIRS ls‘&ﬁﬁnet%@%lerfﬁl?%} k&@ﬁoﬁéa%@%ﬂ Ghyiehl e 2

represent the base reaction wth ethylfene (reaction 1, 4 as"well as
t he reacti onad hhthamdefirishdf fidlyi produdiide atations ocdur, nesv podeds atd genergpat n@nt to

make a distinction . between the selectivity to propyl ene,fromtotal C4
ol of i ns. (i nERT HEPIFS SBEHPHERAPS dRaerHEs SErust i BYFSt o LB YRR DITERR ¢ ne
normal  C4 olegfyidig dnBWobMEE thTotdd 8wd BRPIRR molB&IIESIR G PP pRIGuESRehtlane

with 2-butene’(reaction 6) produces propylene and a branched C5 nol ecul e.
For this redblf modughepyiatioss as steromlly achibiteds Olfrthe anir of sksifiss eilsdrb yn preom
total C4 1S(siml.ar to reaction 2).but.at a 100 nolar, % sel ectivit [om
the normal repta ﬁ‘?gﬁ@)c?l%f:ﬁ‘lﬁ FH tﬁﬂ‘b‘8§€§esgf"°]t3%fl?en? . s{i g&%‘f?@%n 1?%% \j

net at hesi s iggublefoR@dsias, Adveprodact anfopthed haltethael £fi theysddsBa M dibferent

et hyl ene. However, the C4 stream can also react in the absence of ethyl ene

as a feedst ¢tekic cphfiguratier (the frapspasitiang.gwhgn e dondeshiftbe identisgl olefing ardj s

case, e g2 i oAU e A0SRl AR LS, T

convent i onalprégebdtaheidfifsrent Ragesf @Chidlyi srotliactivexieattinm fsedsuhilyp fastert thapraothl€e
propylene. This will maximze the selectivity to propylene. As such, excess

et hyl ene i s PRBIYHrREWRDe Tahle Zesnamarigss th%@ap%gﬁheb%%enﬁthgm%vamopﬁ
thensel ves (f,gAEL hRNGe Zeac o?sﬁmet@% t?%but-ghgs ﬁ%ﬁ?&.@%é.pal ratio is 1/1 nolar

or 0.5 weight ratio o? et hyl ene to nbutenes IS conmon in

convent[00n6]l net aibeesastidre kstpd Gy Rabin2f repagsthty thgr Bat ereaction with ethylene
(reaction 1, 4 and 5) as well as the reactions between the various C4 olefins. It is
especially important to make a distinction between the selectivity to propylene from
total C4 olefins (including isobutylene) and the selectivity to propylene from the
normal C, olefins involved in the reaction. The reaction of isobutylene with 2-butene
(reaction 6) produces propylene and a branched Cs molecule. For this reaction,
propylene is produced at 50 molar % selectivity from total C4's (similar to reaction 2)
but at a 100 molar % selectivity from the normal C4 (2-butene). For the purposes of
definitions, conventional metathesis is defined as the reaction of the C4 olefin stream
with ethylene. However, the C, stream can also react in the absence of ethylene as a
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.



ratios, typically, 1.3 or larger nolar ratio to mnimze reactions 2, 3, 6
and 7. Under conditions of excess ethylene, and due to the fact that both

i sobut yl ewe 2arh2826but ene do not react with ethyl ene (seecrameinwos®7é and
5), two process sequences are enployed. First, the isobutylene is renoved
prior to netathesis. If isobutylene is not renoved, it will build up as the
n- butenes are recycled to achi eve hlgh yi el d. Second 1-butene is

i sonerized to 2-butene by includi ngTablg@ubl e bond isonerization catalys
such|as npgnesi um oxi de admi xed Wi th the netathesis chloddryst .| NdMdart’hat
this|catalyst will_not. cause skel et i soneri i on Gelsctivityy||erfeldcavitpr fal
but yl éN®s)  but onl J¢&HPRt the doubl e ¥W6nd | éﬁ%f: e | (@Bl iffonon (O;Hfeord
position for the nornmal butenes. |Thus by operatl ng [Withfal €x5€e9s ehlrybene
el i mati g |?% MI_@& yEﬁé)ﬂ‘”e metatnestT§ 1eed priror to regction, and

enpl oyi.ng| a doub pon | sorrerl zat i diullyat af ysg, reqcti 1 ig maxjgy zed
Not e oweve th P Q@%NFS%) i hrodsabuet y| ene,” pgtential prioduction of
pr Op‘l| enel or CQHP{EJ?U ost 00181 | When—there -is—ti+mited

Fa¥d NnA
U0 Vv TCTT C J LB LA 4! nmyu
1

fresh et hyl ené- b@&neéx%bg@n%_f I ehes KUY the ephyl ede aveylablle), spere are
currently t\/\oP@m}’ﬂWsF%r@amﬁ%l e f oProg¥@l¢l ene prodyction. Inlthese cases,
t he 1|r3st optilduutamlﬂl-buuem—rerm e tHelfi soput 1Iog,ne and fshen procesg the
nor mal “but enesEhyldne witahewme et hyl Produdtsreayai I a The “entirle

n- bufenesonl ykoBhtylene & EthylH®Iect ¢d tornret af heNs Wi th the avail able
ethylefe. | U ti mat RbYeadibnt here is Ig}gdﬁ({tﬁ,%h gldavlighe availablg, the C 1S

+

react—wtirthgr €S —_metrathesisi- u1derN(; owlet nyl'ene gondi ti ons,
reacti dns| 2, g etl?ﬁ%f occur SNaﬁtl‘)e aqi&gtl(grp a | ower prijopyl ene

sel e¢tivty (50% prﬁfc . ‘ve'sus 1N 111' of—teacttonth—Thet+ower
sel e¢t igvi 1 v t0bRplcaei2-py 6F‘brop | el Ypr ofluckhg@n. |Not e50 hat |r eact@®ns 6
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and 7_wil @P}fﬁfkﬁ#ﬁ% ““WQHIPTOFPCW% rempval lof isobutylene {(to |ow
| evel s buf nEﬂObWe’lﬁ’@g%}r-bmﬁnQe? 0) | Al Haknat el yg,t,he |nol ary f1 ows of @t hyl ¢ne
and but enesctibdendore 2ma¢tbpledipdngerei i prioductiviee| f | ow of |[but enes td produce
conditions where there is a high selectivity of the normal butenes to

propyl ene via reaction 1. Iy limting the flow of n-butenes to matc
et hyl ed8017lhe pr dﬂlf@fl}’@ﬁm@ﬁ petaiasisn g focps d§ Qe aagimizadesdigick e Bk

flow. [ _0019]pr$§ﬁ% eneg,; ang) ﬁl%gﬁmg %Ecﬁﬁfﬁ {oﬁﬁﬁgﬁeﬁé) RO GEHE ¥k &AL eth{]leh@_?_

convent i onal hesi's case Wlt ow et a reactions 2 and’ 3
vol une of thesedeo e tesextdnit bf depmuﬁonpohb&thes%ﬂy&emedlmesdmaehem 2.3ti0

with a lower rati odyci n d co nent In t onvent i onal
prior art c 35 @Har "fhe theoretica t10 is 1%‘ mo?ar or % Welgﬁt ratio oih eth}(lzlene 0 n-

butenes but it is common in conventional metathesis to employ significantly greater

ratios, typically, 1.3 or larger molar ratio to minimize reactions 2, 3, 6 and 7. Under
conditions of excess ethylene, and due to the fact that both isobutylene and 1-butene
do not react with ethylene (see reactions 4 and 5), two process sequences are
employed. First, the isobutylene 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 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 for the normal
butenes. Thus by operating with excess ethylene, eliminating isobutylene from the
metathesis feed prior to reaction, and employing a double bond isomerization catalyst,
reaction 1 is maximized. Note, however, that by removing the isobutylene, potential

production of propylene or other products is lost.



i sobutyl ene is renoved before any netathesis, these C5 and C olefins are
normal ol efins since no skeletal isonerization occurs. It is possible to
recycl e twe=eloal2efé7ns back to the metathesis step wherepciras2eéxasqre, the
reaction with ethylene and 2- pentene will occur yielding propyl ene and
1- butene. The 1-butene is recovered and recycled. Note however, with
limted ethylene, reaction 1 can occur only to the limt of the ethylene

avai | ath0018]y. U tWhert dheye tindimiterbior sl &issh eghybensr crtuexasss patvlae sfor e

hexenes, nus e pur f.romthe syste [0020] U S. P t . 582

di scl oses aei]}ygeélg_s gvggq%let)hetwaﬁt 3%1_3?“5?%@& gw%f J)%foé-'? i %gﬁtagkpr%gu%rgp’ég%%yl ene
and hexene. plQiRic@bi, litHeSe dREAREHIsS opfiorawill Xied raasv@ihehisitengend addhém t he
presence of a netathesis catalyst operates w thout any ethylene in the feed

mx to t hg peecsssids ngrmaldwtanes Wibriehatevee ethglens s avadablep dhe salirdebgRE- be
i somer t 0..1- but 1- d_pl: - i .
| z€ OB,i Eﬂl%)(/ Van{eshsq%%ﬂeg{e??%)ulpgﬁ{h%?{% \;Rﬁ DI a\pilfdﬁlet aﬁ%l%%é) ur[ﬁﬁﬁafe!}légp_?_he

feed react 4 ene or m propyl ene 2-pente

feed to the th@aed a6 fidhtsothiylkak udgitabld)ehs €y edaet aithtthemlpsrib@nandtathass). i n
the reactor with unreactedbutenes to sinultaneously form aﬂ%’ E%gnal
eytt P L

pr o;l)ylhene ar‘&quig%éﬁé.thﬁ%@ UEINs eTREHRS i h & 8s8¥nri zed
to 1- . . . )
0 irhexene ok A0gbbyihe g<§/1§cr‘%\{? {804 DPlovRer ARfsud B0yt RRB AT TiRXBAR: 1 are

produced fr esl s of butene-1 and isomerization of the
hexene- 3 pr acdigcidtyt feeula in lbwehpropplend protlnetiomi No®l thatt :readtiong 6remdet wil bé s a

m xed butene stream wherejn butene-1 iS.15S0 i tQ but - ith .
i sobut y| ene TH8IMgeS éb%F‘éPbd’fttlFFeWé‘?orVB]rTﬁl’fs‘ISIBWg@é‘%j%tgjowgf)‘f?isr g‘gg’tO?B%\éeBsfanly
but ene-2 to zgfbt).e n?dtémai@l}t, hint NBoRHYRRR- 4f BRiyRGetHR h@stkst Gt Be mRtRidhBpi S.

[0022] In U S “Patent No. 7,214,841, the Ccut froma hydrocarbon cracking
process is flimisihg shebflew o butcoesiot wroduseatondisions phietsrthers iaahighsesretiyite aé

renoval and w thout  a et hyl ene addition, fayoring the reactians which
produce propds E‘F@%HBP%%{%%QEQG%@%F% 1B re %ﬁ&mﬁﬁ{}%%ee &V S 83?}13%% e
then renovegnit@a¥hlnd B pRATERN diRofylentis finfiteany theaduedd moeRement s. The
C.sub.5 and heavi er conponents are then renoved | eaving a m xture of

1- but erj@019} but erRentensobud phwadiexam drs dormert theemelexisnt ah s caryentional
SaPut 1 e eK! TRUBCHRY SHSTER Va6 S AL LUbA! B e
then m xed wohdpohdiets PR WeperRl ypben@er efpiéadnivuasiiet hatiauivith netlatveeshto
product together with
producing more Cs and C¢ components. In the conventional prior art case where
isobutylene is removed before any metathesis, these Cs and Cg olefins are normal
olefins since no skeletal isomerization occurs. It is possible to recycle these olefins
back to the metathesis step where, 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 limit
of the ethylene availability. Ultimately these non-selective byproducts, pentenes and
hexenes, must be purged from the system.

[0020] U.S. Patent No. 6,777,582 discloses a process for the auto-metathesis of
olefins to produce propylene and hexene. Therein, auto-metathesis of a mixed normal
butenes feed in the presence of a metathesis catalyst operates without any ethylene in
the feed mix to the metathesis reactor. Some fraction of the 2-butene feed may be
isomerized to 1-butene and the 1-butene formed 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



any fresh external ethyl ene needed and subjected to conventional netathesis
produci ng addi ti onal propylene. [0023] Another use of the C4 olefin stream
is as a fwedstoarkero an ol efi n cracki ng process, where wrhe/usb@bios®rar e
reacted with thensel ves over a zeolitic catalyst to produce a m xture
conprising ethylene, propylene, and aromatics (such as benzene). Simlar to
the nmetat hesis process, the paraffins are inert in this crack{lqrgg process

(§

and must be buterey &l sipelianeniesly foee slditiosak pptiee stidebesene). sIhpgrhgrendo.
6,307,1 17 3 eld'i§1hcﬂ%5&fbkﬁgg%é%%eﬂgeda%bll-hﬂ%épn No. 20050080307 both

descri be such a process. ure of typically C4 to C6 olefins as well as

par af f i[p21]s vapahiUsd rinscht fIe6. 6723,306a6thglenti drdetesinthl arec pysgiuadd ifoen
zeolitic catal yst and operati nfg at a_tenperature, betyween 450 and 600C and a
pressure betbuEas-11by anetathesipsefabutepgs] randc isemeprationept thes hexengr3 PEficed a
conpr essi on gk &R 1o &AL ACKLD hiliFAGAR YL RRCHHMEShALnd Shah] Whkiid OW
pressure to avoi fouF|ng 0 e cata §st I'n the cracking reactor. 1n order
to reduce t hatepedr ¢y ivasdirizedue bwenerwibkriadhuylens tehey sefasaedighdrefrom,
separation syste the pressure. is typically increased to pressures . on the
order of 12 fg]éf"’?“? %’rsﬁmeﬁ?ﬂt’é’nﬁflb&%eé%%{?&%ﬁqWé‘il?ttﬁ? g‘étﬁ?‘?'égfﬁinﬂﬁgﬂ %89\/@9 s to
utilize coolghg Wi i nstead of refrigeration inthe overhead condensation
step. The conpression effluent is then sent to a separation system where

t he et j9022le and IpflofyPaas No.€,2l€cdMe tiedCatu ik hiid@oahoo ceickmg socesaim
The et hyl ene and pr.opylene is recovered overhead in a fir

t tower. Unlike
met at hesi s, 1§ HE$ éutp?%%& %ut_%'é‘?‘ﬁtﬁf’?ﬁl%mqlit@iaéﬁtls HEYﬁ?r}e_trF’é’QV%fanét‘mWé“é%
pr opane thateh@gaigtadagg@ln P&%ﬁf«g@ﬁéf&&i&ﬂ‘s WihEs pﬁfdﬁ@@ﬁi‘oﬁ;?leﬂ_@%ﬁ§ ?@wnes.T the can
y addi t

be acconplis ional “fractionation or by utilizing the recovery
syst em of artlyd¢recadtpropdend prpdscechara sheanrenloséd hmvipigamstrealthef thevesutiobs t ons

contai ns 4, and C6+ paraffins an romatics. This is sent, to a second
tower. The &V8rHEYE! icgmag@i‘?scS Tg’f:r(gﬁﬁt?'gr?ﬂlgf}hegvﬁf gfﬂwog?%?‘rﬁﬁ g’e&_(irfmé)tv Feamis
the bott ons 19f@e mixflBe ofNCHRYES, esutée, aqbulBere! @AdIGIcS Atiendrinal Batkhds.
recycl ed. The cracking process can handl e both iso and normal olefins with

equi val ent ditiei cisebutylendThés enpxt nismeved tracferby eby ssbuedtpletie dttilialianl e
fromthe f e%%g%og§onn§qﬁgg iéT dé)-;]s%gﬁtlg?ea iOZQI[e' & 1ts|oI @glgk%%%ébz;gﬂgaﬂﬁg {H%El'nﬁ&&l on

and net at he NS 1 ve- descr rocesses currently
utilizes twavigatial pdttct dthyle@xadtidved WEB/tbe Ghtocatathesis pragudpesgdelion wite

net at hesi s reaction and MgO catal ysts may_ performthe olefin { soneri zation
reacti on. any fresh external” ethylene heeded and “subjected to conventional metathesis

producing additional propylene.
[0023] Another use of the Cy4 olefin stream is as a feedstock to an olefin cracking
"process, where the olefins are reacted with themselves over a zeolitic catalyst to
produce a mixture comprising ethylene, propylene, and aromatics (such as benzene).
Similar to the metathesis process, the paraffins are inert in this cracking process and
must be removed from the process via a purge stream. U.S. Patent No. 6,307,117 and
U.S. Patent Application Publication No. 20050080307 both describe such a process.
A mixture of typically C4 to Cg olefins as well as paraffins is vaporized and fed to a
reactor filled with a crystalline zeolitic catalyst and operating at a temperature
between 450 and 600°C and a pressure between 10 and 70 psia. The reactor effluent
is first sent to a compression step. The cracking reactor system operates at relatively
low pressure to avoid fouling of the catalyst in the cracking reactor. In order to
reduce the energy costs due to refrigeration in the subsequent separation system, the
pressure is typically increased to pressures on the order of 12 to 25 barg. This allows

the subsequent fractionating towers to utilize cooling water instead of refrigeration in
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The MyO catal yst al so serves a reactive guard bed, which prevents the
adsor ption of poisons onto the WOB/Si 2 (netathesis) catal yst, and,

t her ef orewopnolszys its cycle | ength. [0025] The two- caralryskompsdogen
typically consists of a physical mxture of two catalysts. One is a
tabletted MgJO and the other is a silica supported WO in the form of
granul es. The MyO catal yst is present to act both as a reactive guard bed
and to provitkreoyeskeadrdondansatiproftert - bl eorapression ¢fiffuenids thep serfdo BegPARERN of

2- but ith_ eth £ 1 | | -
2o AL I A 0, R o G e
or an over alstredy) The\MihBeand hropsllcheds rqeoegedovatyal @l a ifissueser. Fohlike

exanple, the MJO i s subject to significant sintering and | oss of surface
area over careifthesis, ithepenrodegty sentaimauffigient gpandities é?g ethang anderrgpang that | oss
of MyO acti vizhy: for ! jzatd.on; n t i As
anot her exa\rég{héo L@h%&%g%ggﬁgge@aﬁ g‘féfg? liggcteem ﬁayﬁgigélggige%cgg?@%}%gv n

m Xxi ng, bed additiotali ffaztiohdtion drlbywititiaagrteé raegyeragstemef en atjaoge fatility such
distribution in the bed, whi%h al so further affects catal yst eargﬁtﬁnprrra ce.
Addi ti onal | S dhelefiggdilanfe & P&WF@@HE@@S&OHQI%@ &al '&\émp 338 net i ¢

basis is |lo n @h;s| t [ i I tWredrs anB thd OS€E
proximty. [g‘g%r%#&%s @éi%spighgg&gtggév&g,a t'?{éyg{rae?ihés lag%lﬁllg%fesrﬁg?ebsisn?er east ti n the
processi ng diighD4 ar@baticafg: kieeam as thd dbitomstpredurs tThepnoouwyertéd Ghtad Cs

ol efins, such as propylene. Accaordingly,.there exists igni ficant need
for catal ystp_§ocgﬁff Pr Béé‘?@@ﬁ‘iyﬁg‘)j' %g“rr%‘g?ﬂgc PIOREY (58" h?‘?ﬁ%?‘é‘ﬂtlsq %‘]fﬁ%mgt i on
and net at hegiiimf with NQRlvaRWE @I8SIcAG. IR hP B ChdedntoO fenhdv@hisBbiityfete for
propyl ene from such ol efin-containing streans at | ow cost and | ow energy.

SUMVARY OF ErEmpledainogisiEed ®onafinlize papylasppoductimbodi nent s di scl osed

her ei te t f h duct i f | th
e ual MGt adheatTprihand e BhayiPbeERas i BerBi T eEPPE PR bt ene
and 2- but enguiehdy atibidsUnet éNgits] TOTRKLARPID, ONOBIES baslyst ay Peydim tRe

concurrently isonerizes 1-butene to 2-butene and to forma netathesis
product conprdtathess maeis askeMehhatayHs mag perfpum éhe @Jgn isomerization reaction.

i i zati gn-netat hesi t t [ ; : al i si
ot Tenst - ond e TROLAETL afP BT b ERIRE AN v, SMA Meber O TRUISBONRE D o
ni ckel , pal lpahodNontsthie UWIO, SiOdi(thtatiddzdlicatalysy amdd theraforey phetongsnits ayude

rheni um f or length.

[0025] The two-catalyst system typically consists of a physical mixture of two
catalysts. One is a tabletted MgO and the other is a silica supported WO3 in the form
of granules. The MgO catalyst is present to act both as a reactive guard bed and to
provide isomerization of 1-butene to 2-butene for the reaction of 2-butene with
ethylene to ultimately form two propylene molecules. These catalysts, when loaded
as a MgO: WO/Si02) bed with a part upper MgO bed, or an overall (MgO:
WO/Si02) mixed bed, present several issues. For example, the MgO is subject to
significant sintering and loss of surface area over catalyst regenerations; the loss of
surface area results in loss of MgO activity for both isomerization and as an adsorbent
of poisons. As another example, the mixed co-catalyst system may be subject to
uneven mixing, bed non-uniformity, flow channeling, and uneven temperature
distribution in the bed, which also further affects catalyst performance. Additionally,

the reactive effectiveness of a physical mixture on a kinetic basis is lower than a

single catalyst where the functionality is in close proximity.
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provi ding netathesis activity on a support conprising at | east one el enent
fromGoup A, HA HB, and III1A of the Periodic Table of the El enents;
wherei n amoexpurer7sur f ace area of the support provi desPootus200008@076 zat i on
activity for the isomerization of 1-butene to 2-butene; and reactive sites
for the adsorption of catal yst conpound poisons. Alternatively, the

mat eri al having netathesis activity and the material having isonerization
and poi[8@2pladsor pts dascriledi abiow, thene ibeomd)dembigIiréctesirinethmmcwh@mfcﬁséhl e and

then tabletted, or .extrud n.the ce 0of a binder tq formth

bi funct | onarna Aot St 1 Aot REReceBked skbatphisme Acotfogyy
herei n rel atgré xdtPul nGHERNAlcell SPIRAIaFALS Ot PRIRERESha Mmayakyat id @he t he
concurrent isonerization and netatheses of a m xed butene feed, including:

a cat ?I yst @6;@@13 nelom@magp@ iang metathesis tof dn@a@b@tﬁ@fm fog éh@@r@hucm@ of thiglyst en,
t h d
antal u m pbﬁﬁé’@%m@%%ﬁo&%ﬁ% %hc c%ntalrggg zfrﬁ"s@t tl(R? ﬁOSLfI rrll'ld i gﬁelilg%/ rhodrum

vanadi um ng ne esl's ac I'VI

support conprising at |SFH\T/IMAR‘€|(9FEFHHDQSC@®SPJRE HA, HB, and IIIA of
the Periodic Table of the Elenments; wherein an exposed surface area of the

suppor {0@27vi des [haimR hspROE rdnztidiaentaclisclosey Hepéint Raté IO IPrédis dor dlie
1-butene to 2- butene; and reactive sites for_ the adsorption of catalyst

conpound poipmuow plorprapyloes.y the Herosess eincid 1%V|°ﬁ§taﬁ%‘igat ¢thylpre ad \A ty
and the mat gxkh Deaddy J9LHO ”‘EBﬂléﬁééhgnéad?ﬁﬁen%O'a t\!vi?ﬁ‘ QC%K%\h&Yonﬁ n be

co-m ngl ed a m croscopic sc en tagl ette or extru
presence of isnbErizdgon-netatloesin datadydoid comchirromdyt isombakesslt- but[:ﬁ}%ga bitenamat her
aspect, enbodi rents discl osed herein relate to process. of éfﬁa“ n

bi f unct i onal® i 95Re R PEARGISHRISE SORPELSINg PEQDY: eé‘F’ Wéer%lan&? ction;
| soneri zati o& andafiEH- ﬂ‘lteﬂl%?ésﬁ éa{alf’st% gﬂs&uﬁ%ﬂﬁlyfs?@(qnpdd?ﬁldéﬁip?ﬂmg%ll@dsf“ ng a

support conprising at |east one el ene fromGoup I'AL HA HB, and II1lA 0
t he Peri odi onFatlementf stlectedl &nmnttsngstampr‘regﬂahnm nglthwn,camiyb@muSUpm@kttl Wi t h

a catal yst co und co i Si at st one el ement, sel ecte rom:t st en,
antatum nPOURGHR: 51y B dtHn B, S aintim RER 554 { BPUHR HHodi um
vanadi um ?b b A8 Hling Moet@ihsik %ﬂwynonmeshgpcm tgpeiaing! MSleagtOsROVIBEheR! BIBNT
provi des netathesis activity; and wherein an exposed surface area of the

support prordes [Hoth\,i HBn@nd AHA of the Penipdig Fable phéhg Sdameents: avhaspinogn
1-butene to 2p(?slé5 esr?l?f‘acéaggear 8ﬁ%g %Spp '1{ %?0\7];(?68 I.I)cnﬁ isomerization activity for the

isomerization of 1-butene to 2-butene; and reactive sites for the adsorption of catalyst
compound poisons. Alternatively, the material having metathesis activity and the
material having isomerization and poison adsorption activity can be co-mingled on a
microscopic scale and then tabletted or extruded in the presence of a binder to form

the bifunctional catalyst.

[0028] In another aspect, embodiments disclosed herein relate to a bifunctional
isomerization-metathesis catalyst for the concurrent isomerization and metatheses of a
mixed butene feed, including: a catalyst compound comprising at least one element
selected from tungsten, tantalum, niobium, molybdenum, nickel, palladium, osmium,
iridium, rhodium, vanadium, ruthenium, and rhenium for providing metathesis
activity on a support comprising at least one element from Group IA, IIA, IIB, and
IIA of the Periodic Table of the Elements; wherein an exposed surface area of the
support provides both isomerization activity for the isomerization of 1-butene to 2-
butene; and reactive sites for the adsorption of catalyst compound poisons.

Alternatively, the material having metathesis activity and the material having
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adsorption of catalyst conpound poisons. Alternatively, particles of

mat eri al having netathesis activity and materi al having isonerization and
poi son adsorptomseeacti vity are co-m ngled on a m croscopct/isecabasane eit her
tabletted or extruded in the presence of a binder to formthe bifunctional
catal yst. [0030] In another aspect, enbodi ments disclosed herein relate to
a process for the production of propylene, the process including:
contacting esdmydrigadomiand @OWEr@éaﬁpﬁéﬂ @ilV%ﬁﬁ%&‘?p?q giipgied OB L& BHEOsIAPIC

2buteneW|thab|fnt i SO Xy i

concurrentl y |l%o r #{lzés{a%?%u e%regg{m%% g%g%tr@sgﬁfes ? oeg%tngde%ret ag(ﬁmsfhe
product conpifufittghapPégystene; wherein the bifunctional

i sonerization-netathesis catalyst conprises: a catalyst conmpound conprising

at | eaib fye ele nﬁno%l’félr 55%@9( fe'i%dﬁhéiﬁl N Blo3al hérbﬁ'ﬁl rélétkdﬂougl ploc&R, of
nmol ybdenum™ ni ck ni obi u osm um pal | adi um phosphorus, rhenium

r hodi um rutplnmarlug] at zblﬁla¢twml tlsmamlzmnontmﬁg@ltﬂm czaddSWinadﬁha mchagurrent
provi di ng net at hesj.s a IVIt on co scale with a

cat al yst cor‘rﬁ’tni‘céqzﬁ{jo%f"n‘i B%?%a[t WeOfe‘f Hﬂg‘fifg‘?t?%%? othf R'?l}i‘gp AT 2 SHRPGTY | A of
the Periodi %E@Hbﬁg% 1&43605& RIER{HS frof GROUALAURRONIB, GRHHINIAS bf thedPerii@st one
el emrent from G ou HA, HB, and IIIA of the Periodic Table of the

El emrents; wiablsi flhh eElgrgerm; nlglm@gI@atl&IﬂyﬂsQalga?d seppext with arcagatyss sempevnd ace
area of the Srlillg) 1815}tgb8{ te §n§oé1%m{;né rec':tﬁ(gt %rgm 6%81];1 ste tyta Qﬁiuntlh oblum

i soneri zati &8 react U1 89

adsor ption @holgBdedtisng tn1cﬂ&l ,Seelsdiuih, tmlﬁ@ednﬂlaaﬁ Jr]lodlﬁmaﬁf@hzitﬁuimaslﬁﬁémum,
enmbodi nent s d| sclosed herein relate to a bifunctional
i soneri zat i ond rbeemesihsraimithy yatalysosorprundotlenearPvidsh mtathents astivae

met at heses d%ﬁ@rgﬁdmp%&ﬁ&%dfs%?ﬂc LRG| KI5 oﬁﬁﬁwg&g 1 Mlza‘uo

conprising at | east one el enent ecte rom num ga I ri
i ron, nol ybdetivieg for edeelsometiedtionmpf dshutensy topatbuahetirmd pbaxspbomtws for hhem um
rhod| um ruthenium %ant alum ti t nium t

8

te d f .
provi di ng medsRTAEY et sataly st gompoyge Wﬁﬁp%dxgt%"snéuﬁ?lﬁ’?g?%‘\ég?ng I%’grﬁnl‘“@f) f)\ﬁ‘ﬂg a
cat al yst COLH?{}%%FﬁQ a‘? tm%ﬁaﬁﬁeﬁf@isoﬁfeﬂﬁ&t@n%ﬂ ptsort WisoffBionaRfviy | A of

t he Peri odi El ement s; on a support ‘conprising at |east one
el enent fro mrchaaupngléd oirlA,mle scgmd sdalld andofitheh tabRetedl od extrugied e thef pregeace

Csomeri zati GheRUHIeD IR (PR PR 82 of 1-bufene fo 2. butene and

reactl \l[gﬂ?f(llt es | Ohrl a;[ng‘?he?g;?ercgte:rr?g]od(i)rfner?tgtd?slc osed hglre?r? r1r]ezsla‘[len‘cotahf'\)rofcgsesdfor the
production of propylene, the process including: contacting ethylene and a
hydrocarbon stream comprising 1-butene and 2-butene with a bifunctional
isomerization-metathesis catalyst to concurrently isomerizes 1-butene to 2-butene and
to form a metathesis product comprising propylene; wherein the bifunctional
isomerization-metathesis catalyst comprises: a catalyst compound comprising at least
one element selected from aluminum, gallium, iridium, iron, molybdenum, nickel,
niobjum, osmium, palladium, phosphorus, rhenium, rhodium, ruthenium, tantalum,
titanium, tungsten, and vanadium for providing metathesis activity: co-mingled on a
microscopic scale with a catalyst comprising at least one element from Group IA, IIA,
[IB, and IIA of the Periodic Table of the Elements; or on a support comprising at
least one element from Group IA, IIA, IIB, and IITA of the Periodic Table of the
Elements; wherein the co-mingled catalyst particles or an exposed surface area of the
support provides both isomerization activity for the isomerization of 1-butene to 2-

butene; and reactive sites for the adsorption of catalyst poisons in the feed.
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[0032] In another aspect, enbodi nents disclosed herein relate to a process
of preparing a bifunctional isonerization-netathesis catalyst for the
concur r erwoi2emesiczat i on and netathesis of a m xed but emeTiusee9/nseeé udi ng:

i npregnating a support conprising at |east one elenent from Goup |IA HA
HB, and II1 A of the Periodic Table of the Elenents with a catal yst conpound
conprising at |east one elenent selected fromalumnum galli uir}]gni ridium

i ron, 1803Mdenumin rdnoksk  aspeashiemppdiosamisudiscloasd deraim reloo épHobifgnctionahi um

rhodi um ruthenium. tantal um titani t un e . i jn th
cat al yst coﬁi?g&ﬁl&g‘}é?r}é%@e&ﬁé’@fabgg?Orlﬁta{@af%né“sl| §ﬁtalg(%r?w 9?51?%%%&%}}&3'&?%”” ©
exposed surfgged 8ieae Hed! RRIFMNRAN QY Eatfly @VdodGRHURO teBmipBiciAR rat 2&isi ome aleinewt t y

for the isonerization of 1-butene to 2-butene; and reactive sites for the
adsor pti on etleeted afirgrmt alkarmann @abivns ohiumodres] melyhdreuRe r Nigksle ggobium,
enbodi nents di scl o e| e 1SS | A o

b1 funct ona P Ao p4PfknbebErl abtufh, BOSERT sheRLE Hlfling tranium,

i soneri zat i aingafed, neidatvagsdismoffoln proxdihgbuhemhedieeattivitpc | asdinirggledc cpmmiangl i ng
a first conpound conprising at |east one element fromG urgéJHA, , EB, and
|11 A of the NPEFOSERMIESCRISHIVER catplyst EBPRSMGSAIAFASHOBE EIEMaRIL? ﬂ%mﬂ >

conpri si ng iie | SASHTRE B R §8hE el fmggﬁs@g%ﬁ SHMsuSH wﬁbriéiﬁ%q{ um

iron, nolybderium nickel, n Ium osnium di um phosphorus, rhenium
rhodi um r utidenibheneletsent doumGroup A Uidy, HBngst BHA cfrttie Peniadicuhatile of ghen a

m xture; forping the mxture into g catal article;. wherei.n the catal yst
conpound el Nty r"mﬁr?}g an ﬁ‘éP%ﬁea égﬁafgcefs?é‘fa} Qv/iisf‘i‘?/ ?WWBYlg?%g‘ftﬁ &Sqgrizption
conpound el gpERty R5OWedRSmRALNIdnSBMa LAl RN 2afkdn¢l taid frekctivBesiles BB the at i on
of 1-butene to 2-butene; and reactive sites for the adsorption of catalyst
poi sons i n tadsorpéedof ja@dB:t poSohein the fredt s and advant ages wi || be apparent
fromthe follow ng description and the appended clains. BRI EF DESCRI PTI ON
OF DRAYWOXE] [ 0035h drogwreashedts emtsidirpérits | distlgwedchasinf keluve dicagr proceds af
process for produci ng propyl ene accqordj ng to_enbodi nents. di scl osed herein.

DETAI LED DESCRISFTE ORI [Pooneioneh spcHanimeahsdsi RIS HEF e CeIHE™ o t he

Processi ng ggon?er%}i(t)r? af® Iﬁ&g{hgﬁﬁrm%i&éﬁ el | AN LREILGINGS ifpreglaly a8

et hyl ene and propyl ene. |'n another
support comprising at least one element from Group IA, IIA, IIB, and IIIA of the
Periodic Table of the Elements with a catalyst compound comprising at least one
element selected from aluminum, gallium, iridium, iron, molybdenum, nickel,
niobium, osmium, palladium, phosphorus, rhenium, rhodium, ruthenium, tantalum,
titanium, tungsten, and vanadium; wherein the catalyst compound element provides
metathesis activity; and wherein an exposed surface area of the support provides both

isomerization activity for the isomerization of 1-butene to 2-butene; and reactive sites

for the adsorption of catalyst compound poisons.

[0033] In another aspect, embodiments disclosed herein relate to a process of
preparing a bifunctional isomerization-metathesis catalyst for the concurrent
isomerization and metathesis of a mixed butene feed, including: co-mingling a first
compound comprising at least one element from Group IA, IIA, 1IB, and IIIA of the
Periodic Table of the Elements with a catalyst compound comprising at least one
element selected from aluminum, gallium, iridium, iron, molybdenum, nickel,
niobium, osmium, palladium, phosphorus, rhenium, rhodium, ruthenium, tantalum,
titanium, tungsten, and vanadium to form a mixture; forming the mixture into a

catalyst particle; wherein the catalyst compound element provides metathesis activity;
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aspect, enbodi nents di sclosed herein relate to the concurrent isonerization
of 1- olefins, such as 1-butene, to 2-olefins, such as 2-butene, and the
nmet at hesiwoabiod2e262- ol efns to form propyl ene and et hyl eag/uskovosdves
aspects, enbodi nents disclosed herein relate to a bifunctional catalyst for
t he concurrent isonmerization and netathesis, and a nmethod of preparing the
bi functional catal yst. ;0037 In a nore specific aspect, enbodi, rrents

1

di scl osed hapgivwherdn dheTirs campia%b@%mﬁ%trprpﬁ@ef) Pe@u(s,@m%rhzaélpn BEBHH Egdhe
| ncl udi ng CANRG Onapgn 8F NPLRAE (@B ufenBY HLCALRRNISL FRARY a&gg@%r&c&fa {ene

with a bifun I Soneri zati on-netathesi s cata yst to concurrent
i sonerizes bolyshehetht ¢eed: but ene and to forma netathesis product i ncI udi ng
propyl ene. [0038] In sone enbodi ments, the hydrocarbon stream i ncl uding

1-but engos®y be soipel és%gc@%n&a&%?ﬁﬁ%e@vlﬁbé QpParedt o thé€ thllowife dedcfiption
processes di scl osed herein may include to C6+ hydrocarbons, including

C4, C to C ,andmlet @ppeodedslamscker ef f uents such as from a steam cracker or
a fluid catal ytic crackj ( i L.nar ydr ocar bon streams
containing a mxture %@Fﬁ@m{ﬁﬁ@?]&ﬁ?@ﬁ“ en C3, C5 and/or
compon re sent, i.n the t he re e e-fract to
oot IPSSE o7 PaSBSR ifie! MEpRREY prodify, oW HAERRY ofce Bistes A% 4BAEIAE,

conmponent s (1i9 I{mcdnﬂlﬂghe ehﬁ@d@ém@@m]myihemﬁude n but ane, |sobut ane,
i sobut ene, but ene, 2-butene, and butadi ene. I n some enbodi nents, the

m xed C4 feed is pretreat e@EEMId@IhBE@QRbBTHQNfeed for the netathesis
reaction. For exanple, when butadiene is present in the ¢4 feed, the
but adi dA836ky be IpernsveDedt SR w@ﬁﬁabﬁr@ﬁl silatextor e tprasessing ot H& 1o Co

eboct MeNt s yiRRafbols % W@@ﬁtege%gﬁﬁ b0 GoRionl MariOBloPPIEhS. 0l Wl th

but adi ene her ogenation ma ected to hy roi sone tion con |t| ons
to convert spat, eﬂﬁbdﬁcﬁnﬁnﬂmmediesedvhdrélnl shin ty Iten eotmiregt SSeperiastéch bf dm a

2- but t by f t t t t
| soneri zed Bﬁ@f@% Bk ke BHEHG 10 4SS QiR EDEBT GOy B PR RS B Phe
met at hesi s Fez%m \API%RWeHQ%ﬁg ee?h}qélﬁam @9 @ethdnefspidts, dridQtttherkh @liskidapd ene

may then be cont act a bifunctional 1sonerizationnetathesis catalyst
to concurr eritekgin rddatte & bfuadtionelstalpst ﬁ@trthc oonaufrentigometizationand onepathdsis, ene,

and to netathesize at least.a butene to formone or nore
net at hesi s ;ﬂngd'%? E"ﬁi ﬂﬁ’fﬁm%% tg? hiﬁ’%%’émalp%ag %ene and C5 to C6 netathesis
pr OdUCt[3037] In a more specific aspect, embodiments disclosed herein relate to a process for
the production of propylene, including contacting ethylene and a hydrocarbon stream
including 1-butene with a bifunctional isomerization-metathesis catalyst to
concurrently isomerizes 1-butene to 2-butene and to form a metathesis product
including propylene.

[0038] In some embodiments, the hydrocarbon stream including 1-butene may be
supplied as a mixed Cy4 stream. The mixed C4 feed to processes disclosed herein may
include Cs to Cg+ hydrocarbons, including Cy4, C4 to Cs, and C4 to Cg cracker effluents,
such as from a steam cracker or a fluid catalytic cracking (FCC) unit. Other refinery
hydrocarbon streams containing a mixture of C4 olefins may also be used. When Cs,

Cs and/or C¢ components are present in the feed, the stream may be pre-fractionated
to result in a primary C4 cut, a C4 to Cs cut, or a C4 to Cg cut.

[0039] C4 components contained in the feed stream may include n-butane, isobutane,
isobutene, 1-butene, 2-butene, and butadiene. In some embodiments, the mixed Cy4
feed is pretreated to provide a 1-butene feed for the metathesis reaction. For example,

when butadiene is present in the C, feed, the butadiene may be removed via
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In some enbodi ments, the 2-butene may be subject to conventi onal

net at hesis, where ethylene is co-fed with the 2-butene to the netathesis
react or. WOQdjo281se net at hesi s reactor nay operate at aPpTAs3euwesdes ween 2
and 40 atnospheres in sone enbodi nents, and between 5 and 15 atnospheres in
ot her enbodi nents. The netat hesis reactor may be operated such that the
reaction tenperature is within the range from about 50C to about 600C,

within the hadeetatiomoassuactizoodcothsr apbedimesotheimixgd hétﬁn%%%f%ﬁﬂ%g and
f bout 2500C t 400QC
Feact hon g bR pRRGn o PR, bllathe OBl RHRAY TRRLS: vl MR N6\ D

range from QQQtdﬁsoﬁldrﬁat@(hﬁwndﬂQﬂs ith caRE 1ebhet tﬂi@qbﬁeneanﬁﬂ]fls@hﬁtﬁblmhenﬁg to
about 40 in other enbodinments. [0042] The reaction nmay be carried out by

contacting spRA¥Fe ey 2yuienestrsatyi by fieationaian.  Shenenbpieae sesamaiaxthesbs
catalyst in b, nd
ol ccul ar it R e B e R B S B B i e

| i qui d phaseortidl ofehd prooesse diseoded Heerin.t he reacti on can be used. Ali phatl c
saturated hydrocarbons, e.g., pentanes, hexanes, cyclohexanes, dqdecanes

and ar df@40lc hydr@@aﬂ@@#@es@@—ﬁ %nb@nféﬂ@cﬁﬂdwttbl %le‘ﬁ@mﬁP%nﬁuiSP‘élBW%aﬁopf t he
reaction is , ted
al i phatic hﬁ{gégs? Sﬁgglsq‘@réoggggn%ﬁgog t an%, leet hane, 5%1%5 P%u g% g?ltgl ally

i nert gases busiehamb t hfetaigsiveaatdeast goportinmyfitbe aplmmwt to ﬁxnm bmegbr proogiuct
of . si n| fi.cant, K apounts

yield, the reac |on be ducted in the absenc
of deacti vatni“ﬁ@)t @@é‘?@ %‘iﬁ‘é‘ﬂn%? Tprgﬁ&leg%ﬁgr{f 5 OB ARess PEAUSE ti ne
needed to ohp ganﬂe %m@‘ééfrﬁéﬁ@ fheV- shfén%ag%%sﬁ%éﬂ 18 chRRGHIoAA RERGS Svitepends

upon sever al ctors such &s the activity of the catalyst, temperature,
pressure, arthyldre isto-tat witk thef2-bhtenotoethe () athesidreastet at hesi zed. Length of

time d Wmch eole are contacted with catal yst can convenijentl
vary bi{) n L%? )rg{aqt'gu,ngay PPERE 61§ IWW%%W%@ % }[“g Y

about 0.5 hry osﬂﬂ@regelhagdﬂ?es bbb 8RNk hnABYetRBert GNAME 11§ dathRbSHEr oY ﬁﬁoﬂfer
continuously wth fixed catal yst bed$, slurried catalyst, fluidized beds,

or by usi ng earbpdondngs. cEhe enttptbasis rcmiolamaynget@@mt%w@sh tp@onhﬁ] rqagtien me
ST NCRL T NG SRR O e T N
bi f unct i onalfrdns QBB ZAPCAB-AFBLELSPE f cBbREMBodiTRts| eallE@ml aboud 25atl ene
production about 400°C in yet other embodiments. The metathesis reaction may be performed at
a weight hourly space velocity (WHSV) in the range from about 3 to about 200 in
some embodiments, and from about 6 to about 40 in other embodiments.

[0042] The reaction may be carried out by contacting the olefin(s) with the
bifunctional isomerization-metathesis catalyst in the liquid phase or the gas phase
depending on structure and molecular weight of the olefin(s). If the reaction is carried
out in the liquid phase, solvents or diluents for the reaction can be used. Aliphatic
saturated hydrocarbons, e.g., pentanes, hexanes, cyclohexanes, dodecanes and
aromatic hydrocarbons such as benzene and toluene are suitable. If the reaction is
carried out in the gaseous phase, diluents such as saturated aliphatic hydrocarbons, for
example, methane, ethane, and/or substantially inert gases, such as nitrogen and
argon, may be present. For high product yield, the reaction may be conducted in the
absence of significant amounts of deactivating materials such as water and oxygen.

[0043] The contact time needed to obtain a desirable yield of metathesis reaction

products depends upon several factors such as the activity of the catalyst, temperature,

pressure, and the structure of the olefin(s) to be metathesized. Length of time during
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during the reaction by 95% or nore as conpared to comrerci al m xed bed
catal yst system 1, 3-butadi ene nmay cause catal yst coki ng under reaction
condi ti onsQ 2arch28d6h t he | ower production of 1, 3-but adi ene/uskew/obspds ogen i s
used, catalyst fouling by 1,3-butadiene is drastically reduced. The use of
hydrogen with the bifunctional isonerizationnetathesis catalyst thus

i ncreases cycle |length over m xed bed catal yst systens. [0045£) In sone
embodi ment s Whiele thsi plghiats) gracontagad with eatalyShetmeoeniendy vary 8etwegd U-hel ude

a catal yst %g&%%‘@ﬂd GO I'isbég%aﬁfar ﬁ&ﬁ%"’oﬁgﬁ“@.s%wgﬁﬁo&%!se&%?%ﬁerrﬁ%@lséf@ num

gal lium iridium Tron, no enudm nic niobl um osm um pa Ium
phosphor us, redveioh udmy rdeockhndicted ubdigrivineg ot @ohtadusslyt withnfixed citalygsbeds, and

vanadi um f or _pr.ovi di ng tathesjs, activity, on a support conprising at |east
one el enent SIHA GRBHF uidiged bgls, by 11singo pnY HMBePITBEREOTEAOBMSHOS he

El ements. |n.ghhgksenbodi ments, the bifunctional isonerization-netathesis
catal yst may inctude a catal yst conpound conprising at |east one el enent
sel ect §0044Jom t urigsorie, enhlsodimbns) thei @htwnent Medydriiatomand insdteathesip adacto um
osmum iridiu rhodi um . vanadi um ruythenium and rheni uméﬁ{é provi di ng
met at hesi s 488 9§ Conaieied @uﬁlﬁd%rﬁseesw?ihg et IndhS PreRceePe AEHIPEF IF G oup

LA, HA HB, i ct!idﬂaio‘is%@ne[%igﬁgrﬁﬁie&%éﬁisT&@%?st%a}; RE1EL Q@B?t%%iiﬁgg?rédﬁgf?%t

material is selected suc at an exposed surface area o upport
provi des botduria} the oretiore by i96% eaxctniové by cdroparedhéo cemnerdizdanixed befl chtabyst ene
to 2- butene and b) reactive sites for the adsorption of catal yst conpound
poi sons. [0G4Bf™ n some enmbodi nents, the support may include an oxi de,

sul fide, nityri ggadehe BMgcheR @falishBolahg hfdstreR26n SbRITBMs, AiPWitHRUBwWeA HA,
HB, and II1 A of the Periodic Table of %he El ements. For exanple, the

support may predictide of 1 Bawitedienst wherolkydtegenuis uagsl, satabyst fonding byned-prtadicon of

1-butene to.2-hut.e sych, as,magnes;} oxi de,.cal.Ci oxd de, . bari.um oxi de,
17 Chi am oxi 4 SSHEN TS TR SL ST GRS SrifE L oD sty
[0047] |In serRatbsdioehtMpiitbus ihbRastd RPEIE lenFay ove GhiMeEbed clgnashaemb.un na
hydrotal cite. Hydrotal cite conpounds suitable to performisonerization and

poi son rptio i ] Ql j
i scl od BT & B R e e e R a by

reference. [i004d]a JEiaylti dompotnd nahpiisioget lezshbhe nlenentsdietddsiromtahinyigtimf or

the concurr ?g?thium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity on a support comprising at least one
element from Group IA, IIA, IIB, and IIIA of the Periodic Table of the Elements. In
other embodiments, the bifunctional isomerization-metathesis catalyst may include a
catalyst compound comprising at least one element selected from tungsten, tantalum,
niobium, molybdenum, nickel, palladium, osmium, iridium, rhodium, vanadium,
ruthenium, and rhenium for providing metathesis activity on a support comprising at
least one element from Group A, IIA, IIB, and IIIA of the Periodic Table of the
Elements. The support material is selected such that an exposed surface area of the
support provides both a) isomerization activity for the isomerization of 1-butene to 2-
butene and b) reactive sites for the adsorption of catalyst compound poisons.

[0046] In some embodiments, the support may include an oxide, sulfide, nitride, or
hydride of the at least one element from Group IA, IIA, IIB, and IIIA of the Periodic

Table of the Elements. For example, the support may include a basic metal oxide

suitable for the isomerization of 1-butene to 2-butene, such as magnesium oxide,
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i sonerization and netathesis of a m xed butene feed may be prepared by
first calcining a support conprising at | east one elenent from G oup |A,
HA, HB, awo 2biooaszwsl7 t he Periodi c Tabl e of the El enments. PChaSec@vmbensé may
then be | oaded onto the cal ci ned support, where the catal yst conpound
conprises at |east one elenent selected fromalumnum gallium iridium

i ron, nolybdenum njickel, niobium osmum palladium phosphorus, rhenium
rhodi um r utchlERy Axide abarany axide; ]&mn&ﬁﬁldﬁuﬁtj%‘l@rﬁ’?ﬂd&n@l BPtARHWOKHles afe
enbodi nment s ig&gesstﬁér%f ed fromtungsten, tantalum niobium nolybdenum

ni ckel, pal 34 um osmum iridium rhodium vanadium ruthenium and

rheni um i ..ot her enbodi nents,. The catal yst or a catal.yst precursor my be
Ioadedr&MyJ_ t he g’&p&ﬂ“f Wg‘)c&ﬁ&?nﬁno\%ﬁ ﬁ%‘fﬂ?&q,m‘?‘yncllnﬁﬁlld gaaﬁlaigﬂfﬂ%élr‘fﬁw%n

met hod, an hRGioRlGRL Hﬁ&&@ﬁ&@_@&ﬂ find®sufblé @5 perfsiaanGencrRhtidand PO For
exanpl e, a bifunctional isonerization-netathesis catalyst may be prepared

by cal ci ni ngd$pyptiot mlagiindudg, far exampeleatherhydodtalgite cempouBlsotisclaved isdV.Si ned
hydrotal ci t th j npr.egnat ed wi a metat hesis catal yst precursor,
such as am@ﬁ%@ﬂg{ﬁ?ﬁ?@é{@?@?“ﬂﬂw%% egrlﬁﬁf)e&? %%ﬁeiq%,en‘fehe hydrotal cite may

be calcined, forned into a shape suitable for a commerci.al reactor, and
then i 088 nat ed Thet rhilingtigngl y somsrizatignamgtathesise catadyst | f&hdhes cQUTWEBt e f or

a commer ci al b TR dhBElidE FONYRS m&ﬁeetf%dcggaglrw%&g%edg@si filp

i ke. [0050]1S n sone e rments, the i1 npregnate ys e’ cont act ed
wi th an al kahlcinimg akupgpoctrotgrisingat lextone demedtdranh Kadup Hetlbh, 1B canolt IFIA nay

i | ud t | t Jof di t i [ithi i
oarth o ool e RenGg diblnat Do PR The sttt mey e 560k Si6 Hhe
catal yst andiRime8XRPpeH, We?@ﬁﬁe hedat Yonlgd@nd URRGrises 1 18hdiesneeeRRadnfrent s,

the nmetathesis catalyst and the isonerization catal gst are co-mngled on a
m cr oscopi c selecteé fiord Alommewn( @alium,t alsliemt éwngrmelybdengied nigkelhenighivmence

of a binder) into a.catalyst rticle.. The, m.xing js .achiev usi.ng a
bl ender o oPREoRH RN o B g uiie uli e SR e
material s akgnglieneshdWdnadi@t & sond bilbedinRaseansklcriddl fOAItuhgde, sadtalam,
clay, titania, zirconia, alumna and the like to form an extrudabl e

mi xt ure. Thingobime maykdenume niskelyugelipdiay epmivshniilivms shediyms tiapadiv®. shape
e gs9or HnBREE? and thiitm Shdifer dithoul:DORS, THIRALAPRER calBld GlRurht| | >

spheres, or Shapes’containin ow cores of ‘varyi I ane y suitable
mechani cal m®aNBe loaded onto the support via any known method, including an impregnation

method, an incipient wetness method, or an ion-exchange method.

[0049] For example, a bifunctional isomerization-metathesis catalyst may be prepared
by calcining hydrotalcite at a temperature of at least 350°C. The calcined hydrotalcite
may then be impregnated with a metathesis catalyst precursor, such as ammonium
metatungstate. In some embodiments, the hydrotalcite may be calcined, formed into a
shape suitable for a commercial reactor, and then impregnated with a catalyst or
catalyst precursor. Shapes suitable for a commercial reactor may include powders,
pellets, extrudates, and the like.

[0050] In some embodiments, the impregnated catalyst may be contacted with an
alkali metal promoter. For example, the alkali metal promoter may include at least
one of sodium, potassium, lithium, cesium, and a rare earth element. The alkali metal
promoter may reduce the acidity of the catalyst and/or exposed surface areas of the
support. In other embodiments, the metathesis catalyst and the isomerization catalyst
are co-mingled on a microscopic scale and formed (e.g., tabletted or extruded in the

presence of a binder) into a catalyst particle. The mixing is achieved using a blender
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[ 0051] For sone of the above-described bifunctional

i sonerization-netathesis catalysts, it has been found that cal ci ni ng nust
be perforweadomri2ers7t o cat al yst i npregnation. For exanpl @eCTiuspiegs@ré ng a
hydrotal cite with an anmoni um nmet atungstate solution and then cal cining the
powder will result in an inactive catalyst. Hydrotalcite has intermttent

| ayers of hydroxi des and carbonates that rel ease upon cal cination at

t enper at ur e 9 Shsy PoIFECMiKing deyigsserln sope Hypdmants; the hlended| matgdels @rg st |

t he resul tang. A i il )1 hi gh. surface ar d very
stable. | rrp?ﬁe%%gtginﬁlﬁ fgarrg)% Igrgé}'a dvé ?lﬁa%ﬁé@ssgl%’ glﬁg’gt?\t??f% iralregctoggﬂ ﬁ@&}ge
sol uti on resulttke ilike @o datmlayiséxtiddable hastaehi Tiis neikaird esn de aaxtriuded ynd/or
Additionally, the hydrotalcite material, once calcjned, retaips a high
surface ar edPigresnindy 8ny sutiehle sharss lqchlj‘é‘?f’e%lﬂdﬁ% cubgsy, stars, hté‘?l \&z ﬂb‘?“h on

surface are e C , i e i i [ I fvd ty
and poi son gosg’r%ﬂég%’l p?%ﬂ%@?%égﬁg% :é/\b/:atg%l&grcl)é] gmn‘%?ﬁl'?gioggg&%gg%ke&i or
to use, bif bycuitahiaineckariea neahs.on- met at hesi s catal ysts forned as descri bed

above may be activated, such as by oxidation of the netathesis catalyst

precur 0050 by atoResorhchnitHelesbkRBcrivRdt BasfctEdfal | @6mbiizdtiba-naéththedi9053]
Bi functional isonerization-netathesis catalyst disclosed herein may include

up to about ca8@lyaksi ghthapereeenfound thatnealginingx inthst ey Peréormed aptiels {os caedisti ty.
| th nbhodi t bi f ti L i Welpt: hesi t
ot Srog R, R S PR S S

met at hesi s agdtatvhgsyate eluanNafl alsh Calokightheoodat wifl @suletial amoxiaddvdravi ng
nmet at hesi s activity, such as tung(ste,n oxi de, ipn_ other enbodi nents. [0054]
For exanpl e caialyst-f UArdmotgile bay antyunittanicwersngt hydroxisissiandneabenaiss Bebd

herein may ‘r&%&%ﬁ%‘?ﬁ%ﬁf géﬁgae?alt L fovRURe tIf,%&%ﬂQh@h]%@ﬁ/ﬂ?@% en

oxi de (WD) qui valent to that on conmmrerci
avai | abl e neakfneddinsonid reveltatt MMgOAleQs ablptons wilidhaew digh siuéack ar¢shand/bé une

| oadi ng i n a netathesi sreactor en mxed wth an isonerization catalyst,
the. bl Funct MGMAPREL: al PEIEniti HOS GumtHe o dhe SR RIZORHH PRt o
i soneri zati QRphioRYBhtksN8d caLRLY Sht bk ?%i@{i%@ath&isaa& t Op dWitlbRal®y, the

substantial increase in the quantity of netathesis catalyst. For éexanple,
up to five thydesalitegaterialimgse ealcine gistaipes high surfact arae/gram dyer aghimbeed

\émyts,? eﬁnhe bi fo??ggtelrlgrg 1!)ns(.: afﬁleﬁ}eNgB%%ﬁc?nder A& A0S r611(|>t cigc%(e%(sje, %ﬁgw?nagtf%lr yst
high isomerization activity and poison adsorption (guard bed activity) to be

maintained.

[0052] Prior to use, bifunctional isomerization-metathesis catalysts formed as
described above may be activated, such as by oxidation of the metathesis catalyst

precursor or by other techniques known to those skilled in the art.

[0053] Bifunctional isomerization-metathesis catalyst disclosed herein may include
up to about 30 weight percent of a metal oxide having metathesis activity. In other
embodiments, the bifunctional isomerization-metathesis catalyst may contain between
1 and 25 weight percent of a metal oxide having metathesis activity; between 6 and 7
weight percent of a metal oxide having metathesis activity, such as tungsten oxide, in

other embodiments.

[0054] For example, a bifunctional catalyst according to embodiments disclosed
herein may include a 70% MgO, 30% alumina support carrying 6-7% tungsten oxide
(WO3). The WO; loading is equivalent to that on commercially available mono-

functional metathesis catalysts. However, due to the volume loading in a metathesis
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Thi s hi gher tungsten |oading may result in |onger catalyst cycle life.

[ 0055] Further, a single bifunctional catalyst elimnates the bl ending
process oWVotzem/udsieier ent catal ysts of dissimlar norpholpogyusdemiosg7é he
manuf acturi ng process. Blending may result in fines generation during

m xi ng, transport, and |oading of the separate catalysts in reactor. Fines
generation in a reactor results in_increased pressure drop. All of this is
el i m nat ed Bsactaiewher wixednavith gl ésomgriaptian caabst e fheadifyagionah ggtahsby e,

ethyl ene andi@ioAhGearRN &t LSAmIAGIIL BEispnBHEARR /TR CARIACIAR 11

51

t he presence or absence 0 ygr ogen, W uncti o

i soneri zat i afddtetoad hesios with alsybdtaritial damnedse ienhd yudnsioyref nweshckidbedtaAps. t o
2-butene and to forma netathesis product including propyl ene. . ef fl uent

[ > Th
from the i s&REFFERRIEGH: RtvariHAcS Nighes Jeqesten gy ehi nep Upih ¢p ‘iﬁ‘ﬁrbéélﬁ_ 6%
conponent s &ngggiﬂe&%g %ﬂ#a?%ﬁéﬂ sgy&fn%%? et(ﬁ%t ) R AERE bl RLAIRe Sy siem.

bypr oducts. l'uent fro esi s reactor ney be sent to
a separ at i oThiylsipemtupssadosdibgmial eesubtinidnest satadfsticyeletlife.nt o car bon nunber
groups by technology well known in the art. For exanple, the products of

the sepgoss]i on sy$i@E AendlOGIMARIGRA] EitilybedEnishice &8 blendih®Pyd@BELoSiweam a
C4 stream "and a C5+ stream The propyl ene stream may be recovered as a

product st r diffigrenthcethlystay of| dissimilere mpsphalegh eturipgr thei awerBatuEng pBIoCeSSobt ai n
a high purit .opyl ene_product . The. . . Ry o : t he
met at hesi s J%%Ig({lﬁ&g?’ rSS‘%tr %— e ePr%rnP%td gltgurég ﬁ{s{;ﬁlgg %rts élgrr%ﬂral @g?]?g;olfct)éé)
fracti onati @epardtBecatdliit enereadtbearmingy gehaatidie i ac eaetoe desudtsainp irvtkesstd
stream or may be recycl ed back to the_ netathesis reactor for use as an

et hyl ene f ediseweidrorAll REthininedmingedby teruse REthesnelaedtdlyst: [ 0058] In sone
enbodi nents, an olefin feed to a conventional netathesis reactor may

i ncl udg0@salent i alAsydgparibedhabomgl cthylemaemd aThiydrocathonestraary invlrdingel -bitene

1- but ene and 2-, but ene, and al so contain C4 raffins a .t .di_l uent.
In some _enbé%ﬁyrrgﬁt(?flpatcﬁg’ i”%gtﬁétpéﬁsgnﬁ%rﬂr ¢ ?ncﬁagigﬁy%rr?ggn’c‘g% ianebéi% §grtll)(81r?! of
ol efins in tihendrBafoninetdilicRis dHRyRed esfeutiatly kOferik@ssbhteadtcH bukne s
enbodi nents; less than 2% in other enbodi nents; and | ess than 1% in yet

ot her enboditpefirsy 4 gosathesin produet dnsbedingepropylepgobutheneffieay from the
R e
as up to an busabslthetiegeortenidéthametthetie bpproddetC4 f eed
[0057] The effluent from the metathesis reactor may be sent to a separation system to
separate the metathesis effluent into carbon number groups by technology well known
in the art. For example, the products of the separation system may include an
ethylene stream, a propylene stream, a C4 stream, and a Cs+ stream. The propylene
stream may be recovered as a product stream, which may also undergo further
purification steps to obtain a high purity propylene product. The C, stream may be
recycled back to the metathesis reactor or a pre-treatment stage, such as isomerization
or fractionation. The ethylene stream may also be recovered as a product stream or
may be recycled back to the metathesis reactor for use as an ethylene feedstock for the
conventional metathesis reaction.
[0058] In some embodiments, an olefin feed to a conventional metathesis reactor may
include essentially pure normal butenes. This can be any mixture of 1-butene and 2-
butene and may also contain C4 paraffins as a feed diluent. In some embodiments, the

isobutene content, based on a combined amount of olefins in the feed mixture; may be
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of about 15% to the netathesis reactor may allow the reduction in the
overall energy costs as the fractionation requirenents are reduced. This
fl exi bi | iwg 208y028mvant ageously allow for | ower capital @®o3tus200d08600© t he
rel axed separation requirenents, as well as the potential for the

nmet at hesi s process according to enbodi nents di scl osed herein to operate
with a | ow et hyl ene consunption. In some enbodinents, a ratiq of ethylene
to butenes ilessathasny8¥ i lsemltharet5% hisisiother eaimbeimentsy 1wy thagn g flpo%hﬁbout

01,10, aboutbimbll ShHFLs BRAY) TPk Sunch chBbihels et byl ene Lo butenes in a

conventi onal e§| S rea range from about 0.8 to about 2.0;

and frqoosgpout 1.1k dtRerab@bbddihefts] nsol‘)ﬁfen@tfbed spéﬂi)ﬁéhtllﬂiﬁmlﬁay bOQeRkedRethes ri ng
nowto Figure 1, a sinplified process flow diagram of a process for

pr oduci ng pradgyingnsome dexibiliy feoctlmsarifersniosthe imetrthews 1936108 1} of §xample,
N d
L vt ed e il K5S GnRbE SRR AL IR AL LB SO bR C At

may be fractofebadteid%,nbd thainetatirsis reavtorfmachlionshe redudtiodi in gheaoverg heneCdy

fraction, including |sobutyl ene, and a heavy ¢4 fracti cl.udi ng
n-but enes. TRES| pyhthecractionationn reRyreBEntSe @6% efedhC Qr#‘llsactg gWormia&Z as

an over headsq{ 14 pracgéoﬁa Vifol ! W '16@& 4 uagr askd, 0Bl 4 a?e TRMxOP Rpidiesn 2

conventi onal |ont|ontovver e a Catalytic distillation
fractionati aaqmmvmnts;\mr eicH as abt aioyenttlal Jowtthd inzetatheos i pocess i esrdingbt ene

to 2-butene a hydr ogenat e, but.adi ene o 1-

si mul paneouﬁ“ﬁ’ QE% &Sa]ﬁ TR 1Q0p, (ﬁ‘O]PWe T‘Fﬁ@‘i’ﬁ C@SHWBF%a%S@e
fractions. [eﬁ%almém@ Naay ¥t Cthyfenacs | bﬁt@néEB% D& VBRI B taResR BRkORBd
fraction via flow line 16 and 1yed to isonerization-nmetathesis reactor 18.

When used, enawtaegeﬁmyahwt 0d- foeabotiv2.6 e du tothrer EQbpdimentsw rlan@neﬁemleaﬁ@v or
22. Met at he i react or nore bed functi onal
Csomeri st SHISRET I hoSrCrABe o GO s A craRrs S diogl by Dl it

sui tabl e fon @eRaWoneRBdWY 1i530B6HZ.Méh Pt ottRasibadights. on of the 1- butene
to 2-butene and converti ng via metathesis at least a portion of the l|inear

but ened0060k he hdkeferriag nomalot igwre Miatsimplifigd pieeess floov diadraat pl/d erpsesstfor

et hyl ene and | ene. S ed via f. e or
may be fed cPD ?‘glpcﬁl gyp{o(g)yg%g a8?°r§%}geq Slgg?ﬁ%{)ﬂr?gpg lSggsetdhfger 13nlst1:1118¥¥¥4térc{e1ac
18. [0062] Ehikkd€nistréd Bbieindtid e diienés a0dbotylchs, mﬁiypabﬁffhgdaaylba fed muﬂdvme 26

to a separation system 28, which may include, for exanple, distillation
appar at us f diesEpa at frﬁ‘(jlopht@r 12, wheTe the C4s may be fractionated into at least two

fractions, including a light C4 fraction, including isobutylene, and a heavy C4 fraction,
including n-butenes. The light C4 fraction may be recovered from fractionator 12 as
an overheads fraction via flow line 14. Fractionator 12 may be either a conventional
fractionation tower or may be a catalytic distillation fractionation tower wherein a
catalyst is utilized to isomerizes 1-butene to 2-butene and hydrogenate butadiene to 1-
or 2-butene while simultaneously separating the C4 stream into the light C4 and heavy
C, fractions.

[0061] The heavy C4 fraction may be recovered as a bottoms fraction via flow line 16
and fed to isomerization-metathesis reactor 18. When used, ethylene may be co-fed
to reactor 18 via flow lines 20 and/or 22. Metathesis reactor 18 may contain one or
more beds 24 of a bifunctional isomerization-metathesis according to embodiments
disclosed herein, suitable for concurrently isomerizing at least a portion of the 1-
butene to 2-butene and converting via metathesis at least a portion of the linear

butenes in the heavy C4 fraction, with or without co-fed ethylene, to ethylene and
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effluent into carbon nunber groups. As illustrated, separation system 28
may fractionate the netathesis product into at |east four fractions,

i ncl udi ngvarromtdgicenecont ai ni ng fracti on recovered vi al PCras20086030, a
propyl ene-contai ning fraction recovered via flowline 32, a C4 fraction
recovered via flowline 34, and a C5+ fraction recovered via flow |line 36.
The C5 fraction 36 may contain C4 conponents in addition to C5 and heavi er

conponent s. PraUEaE- Abjssrgenowhen usedemey be fetvindlovt Beovdiasdnayi b fed gitetthhe 30
may be pur g_@go{lg?1;%{)%q8€%(%;elggfro}{%%ef1&9 'oHE%ct%§18The purge fromline 38 is

utilized primri ace conponents that may exist in the ethyl ene

st reaméod)(mijl udi NEHudnt fidin hietithesd rbartdryId agebe folBlin A0®, lin2Dd/ tora sepdratien | f
desired, at |east a portion of the ethylene recovered via flow line 30 may
be recycl ed sEgemtdPy Mdreh magdnclpde, ffoogramnie dgtillajonspparasfer sepaeting the.

[ 0064] The i O ia floyw |y esglo t

met at hesi s %%%e% gﬁhﬂfSQe\l/rl{)ggﬁ\ﬁ%{v]\?% Fi%@ﬁ%. Al(gn 121(%&2%1?&21% |r%gor?'[ g{]‘é{%} ?Xeé{s?%y a
portion of tixetiG#htd thcihetathesiB\prdduct any at &dst fout fiactiomsnatcbrdid?a ethyfdneow | i ne

41. In sone enbodi nents, at least a portion of the C4 fraction be
purged, if seB@EaRg Jachon reeqyrredi Nl AW e glir gePiPPYlens-RRAABINE Hai e ¢ o

purge C4 pa'i’?ujofv-é{éa vid ﬂ(?\htlfﬂ@ 39Y 3 0§ Mab i rec Ol Qitar}ﬁ)"v?"dii%%]gléhh d P fabtion

substantial levels as e recycle is increased to allow for high overall
conver si on oécovbredGdadlaf ilive. 30y pllealls yfracsipn emnB8y canyaio iy apmpbenieen 30

and 60% paraffins as a result of the recycle buildup of paraffins within
the system aﬂﬂ‘ﬁlﬂﬁ&gﬁs ﬁ‘@)‘{ﬁ‘ﬁ"fqﬁ?mf"éﬁts'the C4 fraction recovered via flow

| ine 34098y al termg&h%ﬁ'c}ftH@lcfzeﬁiachgnqeéwmat\rmwriﬁ&m Al é%urg@@ from

described 1'n U.S. Provisional "Patent Application No. 61/0 1, filed on

August 12, 2008ystesnivizhflow liver 3®y Tiha qurgroframelind §8 e hislizadcprimfudlga6] pusge

descri bed ahove, enbodi nents di scl osed r.ein provi.de f.or .the concurrent

i soneri zat i &chﬁamﬁgqeﬂsg@gf Ena_?ﬁfexéh-l % %ﬁﬂgnﬁjgﬁ)ﬁ?&’e{ng}lélf}%é’flpi}ﬂtaﬁmﬁgé Kyst.
Bi f unct i onalhyggiosh,yfiethads,CAHMMBthhife. €MP ALLIFRI) a8 16156 Gl P&reidn N @ieNethi¥ne

exhi bit inproved perfornmance in netathesis and isonerization reactions,

i ncl udi ng execoersd vatfldvy dine 3tk mayt baressycled easofthyges &tedl viptftovs dimgotd to
materials ma |l ow _bi fungtional catal ysts disclosed herein to retain a

hi gh surfacéxeetl?’adeﬁésfsgl?eg%%\%r a nunber of catal ystregeneration cycles,

al | owi ngoégr hi ghrhesomeiatda kvdveed \Galalody Had 3ackiay ideyrebgolb® tomhdiatabiied.

Catal ysts accordi ng to enbodi nents discl osed herein nay al so i
reactor 18 via flow line 40. In some embodiments, at least a portion of the C, fraction
may be recycled to fractionator 12 via flow line 41. In some embodiments, at least a
portion of the C4 fraction may be purged, if necessary, via flow line 42. The purge via
line 42 may serve to purge C4 paraffins from the system that could otherwise build up
to substantial levels as the recycle is increased to allow for high overall conversion of
the C4 olefins. Typically, stream 34 may contain between 30 and 60% paraffins as a
result of the recycle buildup of paraffins within the system. Although not illustrated,
the Cy4 fraction recovered via flow line 34 may alternatively be fed to a downstream
cracking unit, as described in U.S. Provisional Patent Application No. 61/088,221,
filed on August 12, 2008, which is hereby incorporated by reference.

[0065] As described above, embodiments disclosed herein provide for the concurrent

isomerization and metathesis of C4-C¢ feeds using a bifunctional -catalyst.
Bifunctional catalysts according to embodiments disclosed herein may exhibit
improved performance in metathesis and isomerization reactions, including extended

catalyst cycle times. Use of hydrotalcite support materials may allow bifunctional

catalysts disclosed herein to retain a high surface area/gram over a number of catalyst
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advant ageously allow a greater anount of netathesis catalyst to be | oaded
per reactor volune as conpared to m xed bed catal ysts systens, where the
addi ti onavormtoakmsi s catal yst material nmay all ow for erCcenseasbsa’eycl e

i fespan. Further, a single bifunctional catalyst may elimnate the

bl endi ng process of two different catal ysts of dissimlar norphol ogy during
t he manuf acturing process, decreasing the anount of_ fines generated during
m xi ng, tramegsoetation¢yrleadilinyisg fenhiahy ispmerzatioacanst guapdi bed aqhivityitechosur e

i ncludes a | j i nu i t i: i e , Vi ng
benefit of P%?@gl|%b|ggﬁ?@ggwﬁﬁgﬁg%%fgbﬁg¥%aﬁﬁg¥§g%%ggggnggﬁﬁhéﬁ%% %%5 be
devi sed whi ablivaltageotsidaiewta dreqen drhieurss o6 petafesis@tflyg sebt laidsd besteactor
Accordi ngly, the scope should be limted only by ghe ﬁtt :hed claigBhCLAINB
Wiat i s cl aiVRBiRe as compiretwsmined bed gatalstsfysiemsnwasrefhe pddideral meidhesivcess
conpri si ng: | I r I M GQRREL Si Rfhol
1- but ene ang&%géﬁﬁgﬁégaﬁ%ﬁyéﬁgﬁ%ﬁﬂgfggﬁﬁg'?ggﬁgggz%%ﬁgﬁLngﬁhthég%s gé%alyst
t o concur r ebifuycticnahestalysismdy elminateethe blédingt poecsand twvo differamtacatedysis besi s
product conpri si. ropyl ene; wherein the bjfunctional )

somer i zat | GHSHEIRTREBNGIOY yrE ihg HpHASwEine Pracass SRoreasiBgbe ABOBNEF i si ng
at |east onggl géﬂ%?éwé&&&féﬁﬂg%é,%&ﬁb?%{d%adiﬁéﬂf 3Rt iNkQBioym ol ybdenum

ni ckel, palladiim osmum i1ridium rhodium vanadium ruthenium and

one el dOGE1 P om BT ARR RSt il RufioRt REORboRRIRE: SoRPadfied PR01
El ements; Wagrle firtdiavéxddb&edit D rthia Glisciisase, a¥illtdppresispp diat oftfed \ehthedinhgith

i sonerization activity for, the isonerization of 1-butene to 2-butene; and
reactive si teay pordevised avkish pla aat geparhittany dhe seoRs0 9hdhe AIEEAL displosttge

process of LR | i i de, sul fide,

1 de, or ey MRELERR shilf BURRRIL BRI e SRARABIAS: | 2L 6, and
1A of the Periodic Table of the Elenents. 3. The process of claim1l,
wherein the support conprises at | east one of nagnesi um oxi de, cal cium

oxi de, barium oxide, lithium oxide, sodium oxide, potassium oxide, 4. The
process of claim1, wherein the support conprises a nagnesi a-al um na
hydrotal cite.
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5. The process of claim1, wherein the catal yst conpound further conprises
an al kali nmetal pronoter to reduce acidity. 6. The process of claimb5b,
wher ei n twe 2alokaBic7net al pronoter conprises at | east oneCofUSs@diosdure
potassium |ithium cesium and a rare earth elenent. 7. The process of
claim1l1, wherein the contacting is conducted in the presence of hydrogen.
8. The process of claim1, wherein the_bifunctional

i sonerization-netathesis catalyst @anﬁlms between 6 and 7 wei ght percent
t ungst oxide. 9. A bifunctional isonerization-netathesis catalyst for the
concur réAtt 15 €T zat i on and metatheses of a mixed butene feed, conpri si ng:
a catalysp ﬁ@é&@%@h&@%ﬁdtw&pﬁpﬂ&é%@%ﬁg &RMsigel ected from tungsten,
tantal um niobium nol ybdenum ni'ckel, palladium osmum iridium rhodium
vanadi um r wohenfingwgthykaoe atrba hydrotasbomp stosaintcorgpmungi huting and 2hritengowitln
support conprising at |east one .ele f.rom A HA. HB and ILIA of
The. Peri odi & TaHTEnGioT dSenEHaHPL TGHAR (o oo SRR BRTRRGSE 01t he
support provi dpseROfolD-bseRei 2B thn a dedtdtMésiypro@ict b@pliSiaEprdpFddneon of
1-butene to 2-butene; and reactive sites for the adsorption of catalyst
conpound poivéwnein thkthifupigionsd ispimesizatidn-wietathass, catghest e9TAPLIES: suppor t

conprises an oxid ulfide, .nitri.de r drjd f I

i ehent 11 om o SARtR o0 Yol 1 e Beint, Medtl BAT fifen

El ements. 11. Theamahal, y slobdimCl@bRb8enunhemédkel,t pallsdippor bsmeifpr iddemat

| east one of magnesium oxi de, cal cium oxi de,  barium oxjde, |ithjumoxide,
sodi um oxi de, pottheditgnVepadien, ruthenipry apd rhgnjun for providing BretafiesisaicHVithe
support conprise I a-ak L t i : C | &t
claim9, wherei n%tnﬁae t??@?@%@pgﬁlﬁ é‘[1(‘1(8% ﬂ%@éljggﬁrr%éfggsﬁpgé’ gf@,a?ilﬁ, ﬁa}g(g al
pronoter to reduddAadfithe Pyriodid Tallhef detBEbmsttspf cl ai m 13, wherein the

o kol Mol Lol o OB <5, LSFAL e o cof um, potassium 11 ¢ um
bi functional i Soneriséﬁateﬁ%fdﬁ%ﬁ{f frShCRbAEN SR VI LHRER tBOLWMRETR; Ba@nd 7

wei ght percent tungsten oxi de. . A process of preparing a bifunctional
i soneri zat i on- net at teestie stas fnthe adsorptionef catatygt campound poesons.at i on and

et at h%?' The fprc?cegs] of %la?rlrjlt F,n\ef\vhgreé\lend the® SU p%}tséo%rises an oxide, sulfide, nitride, or

hydride of the at least one element from Group IA, IIA, IIB, and IIIA of the Periodic
Table of the Elements.
3. The process of claim 1, wherein the support comprises at least one of magnesium oxide,
calcium oxide, barium oxide, lithium oxide, sodium oxide, potassium oxide,
4. The process of claim 1, wherein the support comprises a magnesia-alumina hydrotalcite.
5. The process of claim 1, wherein the catalyst compound further comprises an alkali metal
promoter to reduce acidity.
6. The process of claim 5, wherein the alkali metal promoter comprises at least one of
sodium, potassium, lithium, cesium, and a rare earth element.
7. The process of claim 1, wherein the contacting is conducted in the presence of hydrogen.
8. The process of claim 1, wherein the bifunctional isomerization-metathesis catalyst
comprises between 6 and 7 weight percent tungsten oxide.
9. A bifunctional isomerization-metathesis catalyst for the concurrent isomerization and
metatheses of a mixed butene feed, comprising:
a catalyst compound comprising at least one element selected from tungsten,
tantalum, niobium, molybdenum, nickel, palladium, osmium, iridium,

rhodium, vanadium, ruthenium, and rhenium for providing metathesis activity
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i npregnating a support conprising at |east one elenent from Goup |A HA
HB, and IIl1 A of the Periodic Table of the Elenents with a catal yst conpound
conpri si nyoanidmessty one el enent sel ected from tungst en, PCantsaéoemseons obi um
nol ybdenum nickel, palladium osmum iridium rhodium vanadi um

rut henium and rhenium wherein the catal yst conpound el ement provides

net at hesis activity; and wherein an exposed surface area of e pport
provi des both i sGRed PUROMoFPIRISIRG Yy lepgronerlemneyniEpm uBg[thPAr-@ﬁtg‘i‘fg to
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poi sons. 17. The process of clalm 16, further conprising calcining the
support prior tberehean exposgiratiaogared 8f thelseppirogesslesbothl ai m 16, wherein the
support conprises an oxi.de, sul.fide, nitride, or ride of .the at ] east
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El ements. 19. The preeass @bs fdrahdudsBrptiReT ehtlysh@nSpRiRA pbiseRPI | ses at

| east one of magnesi um oxi de, cal cium oxi de, barium oxide, |ithium oxide,

sodi umléxThie catplystie§ iclamoXi dbere0 theTsupppriocespyises avl eNide, 18U lidesharitgida, phe
support c ris a nesi a-al um pa hydr ot ite 1. T cess.of claim
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metal propgslebf thdElemélfts.pr ocess of claim 21, wherein the alkali metal

pronoter conprises at |east one of sodium potassium |ithium cesium and
a rar e léafhdcaplyseritclaimz), Wheseip e supporfcopmaisas ateleashions of maghrsiwp{oifiet i onal

i soneri zat j, on- net at I aJ. ri . £ . wei ght percent
tungst en éoa%?%ré‘%%% J %%E%rﬁﬁrggfgéisl%ﬁg? %g{ggi gn(%%ﬁ%,’ gg%dgféoﬁ%sg{u%gg%lé al yst conpound
conpr i 9esThawapiliystof ORIy NGstedt the sdPporddEnfrises & itaghtsis-hRinithd Bydrbatdifeer
conprising activating.the bifunctional isomerizationnetathesis catal ft'
26. A pPotkcatalyst afichaim, b arhersia ihosatyydspmpqund f‘H@leﬁF%‘@EﬁgeS@é‘r?élfa}hs’inﬁé
contacting., ol?ééltg WBogigehydrocarbon stream conprising 1-butene and

2- but ene th a bitunctional isonerization-netathesis catalyst to
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product Cs?orcrl?tgr{n,sﬁo?%sﬁ;n? Ii)i)[llllil(:i‘r?l?c;:esium, and a rare earth element.
15. The catalyst of claim 9, wherein the bifunctional isomerization-metathesis catalyst
comprises between 6 and 7 weight percent tungsten oxide.
16. A process of preparing a bifunctional isomerization-metathesis catalyst for the concurrent
isomerization and metathesis of a mixed butene feed, comprising:
impregnating a support comprising at least one element from Group IA, IIA, IIB,
and IIIA of the Periodic Table of the Elements with a catalyst compound
comprising at least one element selected from tungsten, tantalum, niobium,
molybdenum, nickel, palladium, osmium, iridium, rhodium, vanadium,
ruthenium, and rhenium,;
wherein the catalyst compound element provides metathesis activity; and
wherein an exposed surface area of the support provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst compound poisons.
17. The process of claim 16, further comprising calcining the support prior to the
impregnating.
18. The process of claim 16, wherein the support comprises an oxide, sulfide, nitride, or
hydride of the at least one element from Group 1A, IIA, 1IB, and IIIA of the Periodic
Table of the Elements.
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wherein the bifunctional isonerization-netathesis catalyst conprises: a
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phosphorus, rhenium rhodium ruthenium tantalum titanium tungsten, and
vanadi um for providing netathesis activity: co-mngled on a m croscopic

scale with a catal yst .conprising.at |east one elepent fram Goup | A . HA
HB, and9i Thoprecessiod clap; 19 vhereibihg SYPPArheorrprasse at sastgne &ﬁ H&‘ggeﬁb%a ppide,

conpri si n%@fﬂgl %@&e{ R%@%P%&%Eﬂﬁhi%%ﬂdg dRurh Hxide potiBiun?Beat.| | A of the

Peri odi c enent s; erein the co-mngled catalyst particles
or an @Rpbseprosessfofickimréawhéreintbe supordcongrses aesghesidalusamrenidretaicge.

activit or the isonerizatjon of 1-butene ta 2-butene; d reactiye sites

For 1 el alSoPIRcrsI Pt Tt & yeer SoPEERE S Spriastng T eerniid OLeRtEr ol o m
26, wher ejpaft ht3 YRRQStEr. compri ses an oxi de, sulfide, nitride, or hydride of
the at | east one elenent fromGoup |A HA HB, and III A of the Periodic

Tabl e @2. The pEicesseof slaim .1, Thergin dloe gkkabfmethhpronRk@er quepréses at Aeast app of t

conprises at |east one.of. magnesi um,oxi de al ci um oxi de, barium oxi de,
lithium o%%ﬂg?’%o %ﬁswmé’%ﬂ ; ??b‘f‘%’saéﬂdlfrﬁaﬁex‘diaﬁ%,ell%‘?n%he process of claim 26,

wher ei D3t NRe SRS tof CAMB 115€ SwirtrdTR URE Shifmatibii] Nigomyifpioal eéthBesiS Qatalfze
process of claim 26, wherein the catal yst conpound further conprises an

al kal i metaahprises hetwsen pand ddveightasregnt (pnggen oxide. process of cl ai m 30,
wher ei n ,t al kal i tal. pronmoter .conpri t. | o] . sodi :
I@ahf ﬁ"? il%rﬂge&s OB RimP 18 MR e O MR | Ay P onﬁgon d g(gn&ﬁ.ﬁ:g %#%Hgglsusm of

pot ass um cestum "and a rare ear el'e

cl ai m 26, meh@nikfatd he contacting is conducted in the presence of hydrogen.
33. The process of claim26, wherein the bifuncti ong! . . L.

i soner iZ2al oRrassssaphelsing 16adurthes commsing adipangdls dfungtignalsisgrelrtioser cent
tungsten gxi gfesis?tﬁtal bifunctional isonerization-netathesis catalyst for

t he concurrent 1sonerizati on and netat heses of a m xed butene feed,

conpr i Qi6ng:pracesafaltlysproduostpnirfpramyiqrel tienpgoass t@aisione el ement sel ect ed ,
L;F lmag: 3nm] n%g]nta ‘grllgl !ctg}rlrl]enclz grlug 5 H%rolcgr gfl strrrga|n¥ lg(()jr%}grlfsrpng le%lt(e%le’ang IZQthtgnrQ witg T UM

a bifunctional isomerization-metathesis catalyst to concurrently isomerizes 1-

butene to 2-butene and to form a metathesis product comprising propylene;

wherein the bifunctional isomerization-metathesis catalyst comprises:

a catalyst compound comprising at least one element selected from aluminum,
gallium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity:

co-mingled on a microscopic scale with a catalyst comprising at least one
element from Group IA, ITA, 1IB, and IIIA of the Periodic Table of the
Elements; or

on a support comprising at least one element from Group IA, 1IA, 1IB, and
IITA of the Periodic Table of the Elements;

wherein the co-mingled catalyst particles or an exposed surface area of the support
provides both

isomerization activity for the isomerization of 1-butene to 2-butene; and

reactive sites for the adsorption of catalyst poisons in the feed.
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phosphorus, rhenium rhodium ruthenium tantalum titanium tungsten, and
vanadi um for providing netathesis activity: co-mngled on a m croscopic
scal e wi tWwoaonaksdeyst conprising at | east one el enent fPrPomUSe@epPsdors HA,
HB, and II1 A of the Periodic Table of the Elenents; or on a support
conprising at |east one element from Goup A, HA HB, and IIl A of the
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a catalyst compound comprising at least one element selected from aluminum,

gallium, iridium, iron, molybdenum, nickel, niobium, osmium, palladium,
phosphorus, rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and
vanadium for providing metathesis activity:
co-mingled on a microscopic scale with a catalyst comprising at least one
element from Group IA, IIA, 1IB, and IIIA of the Periodic Table of the
Elements; or
on a support comprising at least one element from Group IA, IIA, IIB, and
ITIA of the Periodic Table of the Elements;
wherein an exposed surface area of the support provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst poisons in the feed.

35. The catalyst of claim 34, wherein the support comprises an oxide, sulfide, nitride, or
hydride of the at least one element from Group IA, IIA, IIB, and IIIA of the Periodic
Table of the Elements.

36. The catalyst of claim 34, wherein the support comprises at least one of magnesium oxide,
calcium oxide, barium oxide, lithium oxide, sodium oxide, potassium oxide,

37. The catalyst of claim 34, wherein the support comprises a magnesia-alumina hydrotalcite.
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i somerization activity for the isonerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catal yst conpound poi sons. 42. The
process oVochmvars2i, further conprising cal cining the sepparstoons@reto the
i npregnating. 43. The process of claim4l, wherein the support conprises an
oxide, sulfide, nitride, or hydride of the at |east one elenent from G oup
A IIA HB, and IlIA of the Periodic Table of the Elements. 44. The

pr oces$8othesalyst of clajp Sfterhereheths Galyst comppaynd fathes comprisgs agrdkabi metal

magnesi u j ' i de, barium oxide, lithium oxide, sodium oxide,
ko fReL

pot assi um oxl ‘ocess of claim41l, wherein the support conprises
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tungsten oxide. 49. The process. of .claim41l, wherein e catal yst conpound
connr | S1sX G KB B LT et SorR PP BER S sy shahe F e REPL
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51. A process of preparing a bifunctional isomerization-netathesis catalyst
for the concurimepregiatioges supppit@emphidinget falewioselerhent frany éuownutAréAs BBd,
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a catal yst conpoubgpgisidprdtSeag oat diansit eiwted fomnilusehect edlifnoFdihmm num
gallium iridium iron, nolybdenum nickel, niobi urg, osm u pal | adi um
phosphor us,  r heniliom mehSEPIL HekehaHPRIMN, PHANAL. Pl mmanlmgiw%ﬁb%%% and

whorei n the cat ar gt Eo R el M e R L IV e
wher ei n t he fiwhéreimah oatalysedoaipauhd plemendp®vhlet metathesis activity; and
wherein an exposed surface area of the support provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst compound poisons.
42. The process of claim 41, further comprising calcining the support prior to the
impregnating.
43, The process of claim 41, wherein the support comprises an oxide, sulfide, nitride, or
hydride of the at least one element from Group IA, IIA, IIB, and IIIA of the Periodic
Table of the Elements.
44. The process of claim 41, wherein the support comprises at least one of magnesium oxide,
calcium oxide, barium oxide, lithium oxide, sodium oxide, potassium oxide.
45. The process of claim 41, wherein the support comprises a magnesia-alumina hydrotalcite.
46. The process of claim 41, further comprising contacting the impregnated catalyst with an
alkali metal promoter.
47. The process of claim 46, wherein the alkali metal promoter comprises at least one of
sodium, potassium, lithium, cesium, and a rare earth element.
48. The process of claim 41, wherein the bifunctional isomerization-metathesis catalyst
comprises between 1 and 25 weight percent tungsten oxide.

49. The process of claim 41, wherein the catalyst compound comprises ammonium

metatungstate.
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| somerization activity for the isonerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catal yst poisons in the feed. 52. The
process oVochwiarsii, wherein the form ng conprises at | eastuseens/o0sdo7e
extrudi ng, shaping, and tabletting. 53. The process of claimb51l, wherein
the m xture further conprises at |east one binder selected fromthe group
consisting of silica, clay, titania, zjrconjia, and al.um na. 54. The process
of cl aifh Bhe piasetsepincletie 4h ftithes qomrsme %%ﬁ%@ge Bifunciail igpraerAatiat or
an acid, apdgadbase;,p>- The process of claim51, wherein the bifunctional

| sonmeri zati1 on-netathesis catal yst conprises between 1 and 25 wei ght percent
t ungst én. Axiroess 66prefidringpr bif@ssiond! isdradrivabdn-nwitehesincatdlgst dait the gencurenpound

conpri ses, anmpni um net at un state. .57, The process.of claimb51, further
conpri si n’@o@€1i1¥a&‘é2fliaggnlqtf’é i SR tene §rfdy FUBPTYRSTet at hesi s cat al yst .

co-mingling a first compound comprising at least one element from Group IA,
IIA, 1IB, and IIIA of the Periodic Table of the Elements with a catalyst
compound comprising at least one element selected from aluminum, gallium,
iridium, iron, molybdenum, nickel, niobium, osmium, palladium, phosphorus,
rhenium, rhodium, ruthenium, tantalum, titanium, tungsten, and vanadium to
form a mixture;
forming the mixture into a catalyst particle;
wherein the catalyst compound element provides metathesis activity; and
wherein the first compound element provides both
isomerization activity for the isomerization of 1-butene to 2-butene; and
reactive sites for the adsorption of catalyst poisons in the feed.
52. The process of claim 51, wherein the forming comprises at least one of extruding,
shaping, and tabletting.
53. The process of claim 51, wherein the mixture further comprises at least one binder
selected from the group consisting of silica, clay, titania, zirconia, and alumina.
54. The process of claim 51, wherein the mixture further comprises at least one of water, an
acid, and a base.
55. The process of claim 51, wherein the bifunctional isomerization-metathesis catalyst
comprises between 1 and 25 weight percent tungsten oxide.
56. The process of claim 51, wherein the catalyst compound comprises ammonium
metatungstate.
57. The process of claim 51, further comprising activating the bifunctional isomerization-

metathesis catalyst.
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