A PROCESS FOR PRODUCI NG PROPYLENE AND AROVATI CS FROM BUTENES BY METATHESI S
AND AROVATI ZATI ON BACKGROUND OF THE | NVENTI ON FI ELD OF THE | NVENTI ON

[ 0001] THWO 20PHVEht8Bon rel ates to a process for produci nGCHABRYIIERWSY hexenes
and, optionally, ethylene, by netathesis from butenes and pentenes and then
aromati zing the hexenes to benzene. DESCRI PTI ON OF THE PRI OR ART:

[0002] A efin nmetathesis is the catal ytic doubl e disproportionation by

cl eavage PROFELORIREHER,PLINOPRERPERIIOND! B O ICCrRUYDhU TGS TN

conpounds to form two erent ol efin conpounds. This reaction is
reversi ble, and the over @METbTHE&EStANDs%RG)MmTMTE@V limted by a

t hermodynam ¢ equilibrium The catal ysts are generally honogeneous or

het er ogeneous transition nmetal conpounds, particularly conpounds of

transi t i GACRGROUSTDOPR T HYIINVENTION . [0003] U.S. Patent No. 6,646,172

di scl ose | 1 ss for preparing propyl ene from netathesis of
but enes }@%gr#@mgﬁﬁt athesis of the C5 al kenes produced in the

met at hesi s of [dmtl]emg invention rele{t&QQﬂbrobbs§forBﬁid&ﬂhg @ﬂ@pykﬁlﬁmerﬁﬁ)gﬂwl scl oses a
process for preparing pr 0|toyl ene and hexene b hesi s .of %r affinate 11
f eedst r edRfiofally|cHPIcHs-OY e HRFHF FEROHAS 2Ahae nﬁ% {Fprpafizing fhgheyenes

di stillatj gt recover butanes, butenes and a pent ene-containing fraction

for recycle. Thi sqheatent al so di scl oses nethods for the renoval of
but adi end)ESRP VIO TEBHIYORAR T:and oxygen-containing inmpurities froma C4

feedstream ([:%002? b%?gﬂetaltflegs isRE &y NRoutfle A3 RopkBfndiciyRRGPagB aRl OCESS for

preparing C5- I ns net at hesi ZI ng butenes into a m xture of C2-C6
ol ef i ns amirbatvanthe C@b(pmoablﬁ hond@2=CBolgveoletig comprandyo @gmgwedifiesent f ur t her

separatin fr%o% 019n|dgf NS rea&}og 1?1%5%8?]8%(3 tﬁEB(g\JQYa 1%?&%18%8&?&910?} id lﬁﬁﬁ(&ll e of

but anes, ene ntene an S. Patent No.
6, 777, 58ydi tBﬁ'thﬁ&m'm q:quﬂrbesm flbe cat:ﬂysmdnfegmsrabj hdmdgeteeneordii@rozenchust ene t o

propyl ene _and 2-pent ene i.s.recycle r od but o form
propy! ené® aﬁﬁﬂorh@é QMDA Fré’f"i“f'ﬁf”i%‘f?“}él)f) uléqd I?gﬁ%nsmlgré rnaegﬂr}%)(lz1 Ssgﬂgfsv th

dehydr ogenat i ¢ouo3¢ Yoy, PZ@itiNuI6 amlnrmmesaaﬁummgeﬁmbm falpkepméng pfbyglenat al yst
for thi scfg)rocess nmust be nul |-funct|onal Eli]en(g n accgdot%]bl conver si on
and sel edfoyPeiptheds ofibriengieat frar spragtipiapial es,lﬁ‘lf PEHEGEI s are
known catgéidss Jr8hekomati zati on. Sone zeolite catalysts for aromatization
contain a Gou VII1 deposited netal, such as platinum and el ements ot her

than silicon & 4h|‘iﬁnpﬁtﬂliﬁhNCs (:SR0-LY dissonesrsi RiPARSS [ RERETDERIPPYPC@PY st al | i ne
f ramewor Kyexene bg nleHAR glls oth §ff1n€@tIpf@édst%@aﬁl 6%1'1&@4%?@{)&%!; o d¥ne #HR8/ 0255398

di scl oses a process for the aromati zation of o Cl2 al kanes, such as
hexane, hfeqytlambdladut@cltoamVert’ogtaaﬁrSolmftnﬁ%@d agapibncaeonigEvREdstiondoRipRYClienz ene,

zeol 1o ol ek o el RuROnRi uf ) MRS L A S TR
ar omat i zadxygen- (ﬂ)fnta@ﬁng impGiiResdkdonnm €'s faegsteahCs GeZSM 5.

[0005] U.S. Patent No. 6,538,168 discloses a process for preparing Cs-Cs olefins by
metathesizing butenes into a mixture of C2-Cs olefins and butanes, separating C»-Cs olefins
from C4-Cs olefins, further separating C4-Cs olefins into hexene and methylpentene and a
recycle of butanes, butenes, pentene and methylbutene.

[0006] U.S. Patent No. 6,777,582 discloses a process for metathesis of 1-butene and 2-
butene to propylene and 2-pentene which is recycled with product butenes to form propylene
and hexene.  Aromatization of alkenes is a process of dehydrogenation, cyclization and
aromatization of the alkene. The catalyst for this process must be multi-functional to have an

acceptable conversion and selectivity for the desired products. Aluminosilicate zeolites are

known catalysts for aromatization. Some zeolite catalysts for aromatization contain a Group



[ 0008] Metathesis of butenes is known in the prior art. It is known that
net at hesi s of 1-butene, 2-butene and isobutene will yield propylene, a

desi r abl evpr200I36983hi ch can be further processed into ofPEEUSZONH3IAYUS, such
as acrylic acid, acrylonitrile, isopropanol, propylene oxide, and into

ot her products, such as pol ypropyl ene. Commrercialization of netathesis of
but enes has been inpeded due to the | ack of uses for the other products of
t he met at ' i10, - ' : NS

ot at hoor e R SuffRaG0, B SAR RN Ao R T 0P | ess
desi r abl ecmranpiopy kehe casellpe fdueedki n an anmount beyond what i s useful

products. to- ms 8 heker e iibEE SRR AR o AR B0 L o000

The pr eselnt arommenatiorost (sSo Corallanes) bich as heang hggassnihitele, praduaes, spelopyl ene

and hexene_ (al on i.th ethyl ene, nt ene, roduct but enes, heptenes and
octenes)EWP%WPHE%QQQ§H?T9F&BW§a&ﬂgﬁ?Wﬁﬁ%ﬁﬁggﬁhﬁn1%39T”B§P%@F3fhesis

fol | owed dojmar@IRLHL Zellitedh WHicH MedhiexeR ®edrtdepi@eOm chiagheor @k ef i ns, such as
hept enes and pcteneE% to benzene (al ong with toluene, xylenes, ethyl benzene
and st yr efyazZpERos e Gralkpugs $¥6mVrhe netathesis step are recycl ed.
Ethyl ene may adi8Q) RRwalRGY 6f KR! isX8OWHA A BCpAi@ ard Wil RRSWNhAGRSFhAEG of

Propyl ene is separated for further roceSS|ng..Any met at hesi s cat al yst

coul d be ldeenef bputpreraad h@bwzmmvgﬂlbfaﬁkgn@@ylemm Siabiaprodat ivdirhear B¢ yst coul d
be used f L Zl j 1 chﬁg PTI ON OF THE
DRAMVNGSthK?%RF%%%é%%%M%%?e 5%p’gggggggﬁg%?g%?%ﬁogﬁhgﬁ% inggﬂiion and
many of trepyant enidanhd advethtragakicts rarteaf poliprdpylyee.r adinkiypialiation of ood by
reference _tq, the.follow et ai.l Flpti i i.n

Connect | SRR RECASHTRATHRLCEATREILR b 80 MPER GARELAELSH !

di agr am afietahdyisirdactdnageh py iogessandl bighereldinh eSng nxftatingis érmsequibbmprmopy | ene and

hexene and aromati zati on of hexene to, benzene; 0012],.Figure 2 is a
O aph cotERIh g EHEO R YL BE BRI ISP BT oBas et el it

di st ri butan@os teaimdrBhel Desil Sordieidhi@BRSnAkd: NIt dotll BB bdvaNE@goad ebnwett 48C and
25 nmol e% 1-butene in feed (Exanple 1); [0013] Figure 3 is a graph
conpar i ngheHBOLUHA MorEFAke s PISfYm and observed product distributions for
nmet at hesi s of butenes with a rheniumcatal yst at 48C and 75 nol e % 1- but ene

in feed (Exanple 2%; !0014] Figure 4 is a graph conparing the

cal cul at &JM%RYQ 1T BYdENIBO¥r ved product distributions for metathesis of

but ith ] 3 - put i
utenes w ?%(@9?2%%&9&%&3{9\%% ﬁ%&%ﬂ@gtgﬁﬁro&zgvﬁmﬁég%%@py%n@ aRytene in

feed (Exanple i gure s a grap e ‘observed
product dies¢nei(Portg voith dilnienmpeattire siredugf burne e heptengs arld oglegeshigpe dyteasgbt en

e e S L Y S s

i nvent i orhigheodeftassuplt ayhebens aahdctaeonabineaef(alony widadbtmee gytenegont ai ni ng

may a0 TRERA: b aes RSt e B iRk R chown s
"raf fi nat@hyldne n@ltaib BEtkcidlcArdr bdparapd daras@ich proafsiag. Udepylche Gutardid forMovi ng

but adi ene. fromthe crude C4 cuts [n a first ste "raffinate [") and
reaning1?%%%B¥Eﬁgn$rgﬁxmﬁ@h@ﬁ‘?@b@éﬁ@ﬂﬁe&“@2@6ﬁﬁ&@F@wgbﬁﬁ?ﬁiﬁﬁ%e I

consi st s PémABhi¥n¥akiyReb@06e aRd f@ afbnialikh€h&knCind hawner dig@Rs 2- but ene. O her

exanpl es of feedstreans include cracker byproduct streanms, which would
contain a mxture of C4 and possibly C5 ol efins; and streans obtained from

dehydr ogefyatk @R PHHANSE 1 NisoRui@pe, which woul d contain 1-butene,

2- but ene, and i sobut ene. [0017] The present invention is for a
process for plUOtAngerprapiéte apresrdompldhainyensioe afgnanyioh e attendant

advantages thereof will be readily understood by reference to the following detailed description
when considered in connection with the accompanying drawings:
[0011] Figure 1 is a diagram of a multistage process for metathesis of butenes to

propylene and hexene and aromatization of hexene to benzene;



a)reacting a hydrocarbon feed m xture conprising 1-butene, 2-butene and,
optionally, isobutene in the presence of a netathesis catal yst at

condi t i orOt2011H368ce et hyl ene, propyl ene, product but eRET/USPEHN03IVES
hexenes and hi gher ol efins; bl)separating and recycling the pentenes,

but enes, and optionally, the ethylene fromthe product; b2) separating
propyl ene fromthe product; b3) separating hexenes and hi gher olefins from

the product; apgre) g&@%g AT ELES %&QB?k&Q@&e RSl apraRence of

an aromatization ca t hesi s catal yst can be used
to converdnstldoutlewocmﬁtataﬁsnﬂ aidpulonrsevidisy rheniuin prvdl st bl 43" (andt28medde % ilbugna i xt ur e
of ethylen Oﬁéeq e, butenes (product and unreacted), pentenes (product
and unr edt d?f Xeries and hi gher ol efins. The pentenes, the butenes, and
possi bly the gihy] Egeredriea sepacatpdngrid caledyed eanlﬁhmutrfmldrobaamtedrprdcmct further

Th | f Th h
and. i g dier Babeg i PuRER ¥ B Smfheddid Aok CRR°BSEG piey "

met at hesiis fee@t@hagles);,coul d be used in the present |nvent|on Knomm
nmet at hesi s catal ysts include supported transition neta Ggqgounds of
g

tungsten, nol Yidahtigrsd it heRPReRIRaY thy Salggaled fougihspm YIRS or
Re207 on dﬁltl%%onsafﬁfjmgfﬁdhgs%-ﬂf%ﬁteﬁf%tv@ih)é%ﬁalt%ﬁ@l?b&ﬁur@ééiﬁl?ﬁ at OFC BEIH0AsHe S

catal ysts. Metathesis catal ysts may include pronoters, such as conpounds of
transiti dhlmetead i feed (fxampiohatnd, or of alkali netals, e.g., potassium or

cesium One exap| & Qlfesqs ﬁg&ﬁf&%@&%@%& dmtﬁﬁauan ﬂfr%ﬁhﬁ&s biSouf® M03

on Al 203. butene + - entene + propylene 2-pentene + 1-butene
<- 3- hexewéuwimob%yh@m@nQmp@ﬁMQWEMQ9Q(b@d6@ﬁ@k2%13MN@&@ﬁéﬂ{E@mMWF@ne
1- butene + 1-butene <- 3-hexene + ethylene 1- If butenes and pentenes are
present in the feedstream and/or recycle, there are several possible
nmet at hesiRBETAAEDI TN RISHION @BIEEINVENTEINar e given bel ow. 1-butene +

B: 88;: ggg < %609‘8{‘%he proc?ésse éﬁP{e I?rgs%ntzlhventuon proguces p%p)ef\lgr?e and aR)rmoal%¥3| GO8 *

feedstreams containing butenes, especially those containing 1-butene and 2-butene. The
feedstreams may also contain pentenes. One example of feedstock is what is known as
“raffinate IT” obtained from the processing of crude Cs4 cuts by removing butadiene from the
crude Cy cuts in a first step (“raffinate I”’) and removing isobutene from the C4 stream in a
second step. Raffinate II consists of mainly 1-butene and a mixture of cis and rrans 2-butene.
Other examples of feedstreams include cracker byproduct streams, which would contain a
mixture of C4 and possibly Cs olefins; and streams obtained from dehydrogenation of butane
and isobutane, which would contain 1-butene, 2-butene, and isobutene,

[0017] The present invention is for a process for producing propylene and aromatics

comprising:

a) reacting a hydrocarbon feed mixture comprising 1-butene, 2-butene and,
optionally, isobutene in the presence of a metathesis catalyst at conditions to
produce ethylene, propylene, product butenes, pentenes, hexenes and higher
olefins;

bl)  separating and recycling the pentenes, butenes, and optionally, the ethylene from

the product;

b2) separating propylene from the product;

b3) separating hexenes and higher olefins from the product; and

) reacting hexenes and higher olefins in the presence of an aromatization catalyst.



i sobutene + isobutene <- ethylene + 2, 3-dinethyl 2-butene isobutene +
1-butene <- ethylene + 2-nethyl 2-pentene isobutene + 2-butene <- propyl ene
+ 2- met hyWo20/i364%¢ 1- pent ene + 1-butene <- 3-heptene +PETAPREAMB3IIDSHent ene
+ 2-butene <- 2-hexene + propylene 1l-pentene + 1-pentene <- 4-octene +

et hyl ene 1-pentene + propyl ene <- 2-hexene + ethylene 1-pentene + 2-pentene
<- 3-heptene + propylene 1l-pentene + 2-pentene <- 2-hexene + 1-butene
[0020] In one;@rRpdiERifesRica @st B BB 1d OYELH & RRd cédaﬁmﬁgeaeﬁeg dnhe

nmet at hesi s reaction zone mou have a ar ratio for ut ene: 2-butene in
the rangeogibly pamnashdue 2 ligutee! atiplene, @rorylenfn batewts Hprodentrbsbimesatedbf  t he
present invention he, nol r u 3. I n
anot her n%ter(lf;s ﬁ%rogu& ?ndtur_rllrea Ak ﬁe R?S\r%{g hgh«pr oleq”{?ng xl“lﬁ%{?e}ltehgs h%%ﬁ%%fﬁr a e about
2: 1. Wt hossitdhthaeihglene atlsqﬁratdalemﬂ rdcgdledioakk wictdrifer ﬁmhdr@mmwgslmleﬁm ions are
enhanced: 1-butene + 2-bu e <- e pr enge .2- pent ene .+ 1- but ene
T Mo @R, RORA O e R pIE Biene B B 0% BENGRETon ot ene
+ et hyl eneonfatizRicapy! ene + propyl ene [0021] These equilibriumreactions
favor the production of Fropylene and 3-hexene. In aone enbodi nent of the

i nvention t he QARLARY Mapihsns Gl yissconddeamal inithpHE o BYPRQL i FhPe et at hesi s
product igeHReslsQadls@RcRidP 8ligpeRtd ddmitielnetal PordRRhdedr cahes intdByHdefm t he

invention the concéntration of hexenes in the netathesis product is about 3

nol e% t o capwatunt weshtay Wil @oBiOp. MefratnheleOe AbBACERNALEE, aH@ql4ykRt i on t he
pl‘ opyI en%aﬁﬁﬁt@ ?@cﬁ r?g@éﬁfrl?é’r(ﬂtgc otblﬁebeﬂal JE@ M@t@tﬂ@s1@Jat§(1};s%rﬂl%rq9&ﬁde]prém$t9rsabOUt

I n anot’he nt o invention the propyl éne: hexenes nol ar
ratlo |ssa@uu&D@pmuwsOfHM$ﬂ©QZPmBependﬂﬁ@(U@fﬂhélm@wét¢ydx&WﬁuﬁM§ of the

ol efins Ic@sutl heOfng gxan%led oftafr}get%tﬁgsl Céagﬂy%{ \;/ﬁlg‘%roﬁ'@t e(ff‘dnd} 1\’1(?(9 A Z@t ion reactor

can bal ance the anbu ns 1'n e netathesis reactor to
a nol ar ratlobﬁmm»&Qbwmﬁﬁﬁ>zmdmmmemenmwemhe range of from about 1:6 to about
6:1. Any olefin isone kzatlo catalyst oul d be used, including basic netal
oxi des (i.e. §ﬁ8§TDL1E&ﬁ%F’ ?%%Uﬂ?%&?ﬁe bari um oxi de, etc.).

[ 0023] The nqukﬂe&+§2p@ﬁﬁkksehm&mebelummblquid phase or gas phase. The
net at hesi s reaction nmay be carried ¥; at a tenperature in the range of

f rom about ZSéhP@n%béﬁPmﬂﬁﬁtﬁaﬁﬁn%f ¥&¥re in the range of from about O

pounds-force pefrbaEhdhid ﬂ)éﬂ%‘eﬂegﬁéﬁl&@seﬁtﬁﬁ HfeddQreaRQMy/0PRE RS ihGre akdSbiigal
catal ysts at | ow tenperature coul d suppress the isonerization of the

ol ef i ns dneritlgpeedhess rrEoRe | SOBRPYIStHlitey UCTVEBPYPES | ns because fewer C7+
conpounds are 1fb91feﬁgg propylene « 2-pentene + ethylene

2-butene + ethylene «> propylene + propylene

isobutene + isobutene <> ethylene + 2,3-dimethyl 2-butene

isobutene + 1-butene < ethylene + 2-methyl 2-pentene

isobutene + 2-butene <> propylene + 2-methyl 2-butene

1-pentene + 1-butene < 3-heptene + ethylene

1-pentene + 2-butene <> 2-hexene + propylene

1-pentene + 1-pentene «> 4-octene + ethylene

1-pentene + propylene <> 2-hexene + ethylene

1-pentene + 2-pentene «> 3-heptene + propylene

1-pentene + 2-pentene «> 2-hexene + 1-butene

[0020] In one embodiment of the present invention, the feed to the metathesis reaction
zone would have a molar ratio for 1-butene:2-butene in the range of from about 1:6 to about

6:1. In another embodiment of the present invention, the molar ratio would be about 1:1 to



[ 0024] Since netathesis catal ysts are susceptible to poisoning by a nunber
of inpurities which may be present in the feed (e.g., dienes, acetylenic
conmpoundsWORo114a36988| ecul es, oxygenates, sul fur conpound®CTASA01AI08306Yen
conpounds), the feed may be purified prior to its introduction to the
reactor. Guard beds may be placed upstream of the catalyst bed in order to
ensure renoval of trace conponent poisons (e.g. water, oxygenates, sulfur
Conpound%b &@q “h%&?@@&n%ﬁﬂ%{‘s’ﬁhe rebertt i E(gitti%ﬂtthé\BolaF rafd fobtibedbsig! 0ses
that netathesis cata ysts are tol er%nt mp utadi ene levels up to 10, 000
parts per2:ini With swch(opparatids thedielierid od thedpliovohg teheiops ers epftangadvent i on t he

| evel of all §%%eng99;bgéegngé’_ngggniegrip§()§3yleﬁé)nt am nants fand poi sons _

(acetyl eni ¢ conpounds; pol ar Folecires? “Such as water: oxygenat es; sul fur
conpounds; ni tpogert «€bhpeendS-larehecantypyieati ons t hereof) in the feed is no
nore than 1001I%Pm b 5002{’1\ After the netathesis reaction, the products
are separat ed 'IPHEB® AL PPEAS T TAPER° E0PUSNs: a recycl e stream of pent enes,
butenes, and posshdt ¥hebiydbeaehylede PhHapyiehe st ream of propyl ene and a stream
of hexene and higher olefins for aromati zation.. Separation n be by any
known net hod 1992?11@%? gquilgbriym regchigns fayes U gr?ﬁ?qcrlalw ?Pyb‘iﬂﬁﬁ‘é‘f @H‘f%ea?- boi | i ng
of the etyheRLHARARMEPHORYHEBRion He Rn&BIR ohioY RexbRIRLEMEBher olefins ih@Q26] The
hexenes and hi gher ol efins are aromati zed to benzene and ot her aronatics.

Any cat alnyesathesigipraslatias Yrop 3P Releasiroer(8plH) ofn anphegmbpdivesnes! By inNelti®Res (i f

t he hexe r - t ' {on step.
Examl og T e e R R N R B ozt 5,

Pt / KGeZShh@e%nth dapthiZSogiment of th§ d@ation Tieepreryleneibexchrstmpdas maticheiniexenes and

(- trevy e PR anbIF SEURLYSY AR Bhpdyh Gy S BRI ERC, T8 b+ ange
bet ween 206yrndh&OOE nantat raio isabpneskure in thé range between 1 and 315

ds- f | lute ("psia’) . . [0028] The jpventi
Pavi ng been obNBPEPHy e dh Mgty b PEUE sl K& gl ™ ' o

parti cul atreginha@didmndotealaidon @eactoy et abncathd amhourtesiandin at de fdae tqihact i ce and

advantages thereof. It is understood that the exanples are giyen by way of
i |1 ust r atMoHhesRdeastas t%%’fnolaﬁ’faé‘ﬁé%r&"?%enleig' “Eenf'l’fét%g FRET Pﬁsf(t,%{’f‘ ial&‘%t X% ®he clains

to foll owphbi 63NY ARRBIRER isoMETATBIESIadyd 08P be &5l ahdiSdiSs babic TRRAGLidesl@evei ght
percent (W% Re-netal) on 7-alum na synthesized based on net hods descri bed

in U S Paitaptiungxide calggmggjde, barium idg, €60, 14 wt % Mb03 on al umi na
comercially I ~ i 9 il
yR5| ahl ﬁe&&@%@ éa&f%gﬁ;g %mlmi%q %asegor\t@as/%ﬁ%l\%_ T}% r%eéigth&ﬁ

synt hesi zed based on net hods des ed in aten , , 769
Exanpl es reaction mppBSO¥rie dut puarfempgspivrepe tegrnge @f Hymphew 2 @ ahouttly & of
1- but ene - 0 i i;pch in
di anetor S8 PEa B BB EE ) bRl KR P AR b Bl b 0701 | e
heat i ng mbnttlSO0 psip. Esiop catalpstd sidow eagemrure onddsuppddssahSisgmbtiof oft the

e e R e N O

[0024] Since metathesis catalysts are susceptible to poisoning by a number of

impurities which may be present in the feed (e.g., dienes, acetylenic compounds, polar

molecules, oxygenates, sulfur compounds, and nitrogen compounds), the feed may be purified

prior to its introduction to the reactor. Guard beds may be placed upstream of the catalyst bed

in order to ensure removal of trace component poisons (e.g. water, oxygenates, sulfur

compounds, and nitrogen compounds). U.S. Patent No. 7,214,841 discloses that metathesis

catalysts are tolerant of butadiene levels up to 10,000 parts per million (ppm). In one

embodiment of the present invention the level of all such non-diene impurities, contaminants

and poisons (acetylenic compounds; polar molecules, such as water; oxygenates; sulfur



[ 0031] The cal cul ated product distributions were made with the requii
nodul e of Aspen Plus, version 7, software. Exanple 1. Re catalyst at 48 C
25 nol e%WOR0t1&136983 [ 0032] The feed with a 1-butene/ 2CHRIS2HA/0BWFAr rati o
of 1:3 was passed continuously through a catal yst bed of Re207 on al um na
(10 Wt % Re-netal ) which was maintained at 48C. The catal yst was previously
activated in air at 500C. Reaction product analysis after 24 hours tinme on
streamr a; ' Ao i hdd R um

i St 1 DUt s e e e na! 8L 1o be
49% whi | @pmhe sel ectivity towards hexenes was 4% The nolar ratio of

ci s- 3- hexene s-3-hexene . o 0 : . L bet ween

t he cal cul at ejj(%%%{]gﬂ?rbt% Iﬁlﬁ%atp%s \lljé%(t%o 1tﬁ??ﬁogﬁ%télj%%kg%éte@ﬁlgggﬂgge# \ﬁ/]g% val ues is
shown i n skreggusr @ récycldstreanofyensaanbdtememand possibiudtiidenet hygodwastdammfpr oceeds

£0033) " THETplsati g 4 Weatm ot BB Gt st BRGMIDt PG SFPHP oA Pp s e
cont i NnUOWSY ¥ndviir AEBHY infie: £t |, Y&t leakidhtidie AR Traiaedoumgrd te kthywndaie- met al )

whi ch was mai ntained at 48 C. The catal yst was previously activated in air
at 500 CProvkesiobA sgrdytermiRafysis after 19 hours time on stream reveal ed

a total but enagEPIVEIRERE aRf hiZR¥ Wi hdlard BroRAHddl 6§ bérsBAng lofePAtbn@Hs Of
products. The selectivity towards propyl ene was found to be 46% whil e the

sel ect i vi £9y eankest sitapleXerbscopuesionob linsgulienenes Rehqrapes (il teteeenss 2 s- 3- hexene
to tr ans?h%ﬂrog(?fé 'a?co eflﬁ%{g T Ih@ aﬁﬁnaéi'zﬁion'%te p@PﬁﬁﬁléﬂHle&I MERE c&tgl?stg,_al cul at ed

equi librium uct distribution and the observed values is shown in Figure
3. ExanplsectBas REKIMzoliat RIGsEkZ9M-D PUEGeBOMrpirslB/KANM-Ene [ 0034] The

00 LRI i B
153 Sdenmony b v ety il s 1,
Feveal d & BErH aeed Bl b onork e Pk e s ST SRR st o1 bt on

of produgtge pRguassih@cdvsotink ypi@vyar ds propyl ene was found to be 46% whil e
the sel ectivi ial t owar ds hexenes was appr oxi mat ll)é/? 1?%, A conpari son between
the cal cul at edPB{LTRS iBrantisR fveg e ssnaelly dssrideh hedalles GBRBICY &8 val ues i s

shown i n dijeg Wt Sarfloular E4BEIRMENGor VD RYGAbRANSS ddhond@Re e pROYE: hndut ene
[ 0035] The feed with a 1-butene/2-butene nolar ratio of 3:1 was passed

cont i nuousyantaskiy berg. {tieurdamiapy Set Beekapployers shisn BY MReef IETHLPOIY whi ch
was mai ntal ARdidtio ﬁ%ﬁgbe sgj&%&ﬁ&@&x@cmm (PADER) BURY Yoafieh vated in nitrogen

at 600C. Reaction product analysis after 45 mnutes tine on streamreveal ed
a total butenes conversion of 42%w th an equilibriumdistribution of
product s. MER&THEbSCt i vity towards propyl ene was found to be 48% while the
selectivity t ?&ﬁ@ﬂé Qleé\enes was 5% The experinmental product distribution
is shown in Figure 5> AROMATI ZATI ON [0036] Catal yst: The catal yst was
Pt/ CsGeZSM 5 madeReb®; Ml b eveivht roctat @it%e Rosethl) on LhluiBina sPabasized Bgpd drcat i on
Publcation No. 2008 Q2308 in U.S. Patent No. 6,130,181,
2. 4 wt% Co0O, 14 wt% MoOs3 on alumina commercially available from Strem
Chemicals
3. 6 wt% WOs on silica synthesized based on methods described in U.S. Patent No.
4,609,769
Examples
[0030] All runs were performed by passing a mixture of 1-butene and 2-butene
through a vertical tubular reactor (1/2 inch in diameter and 18 inch in length) positioned in a
temperature controlled heating mantle. In each run the reactor contained a 5 g bed of the
designated catalyst. The reactor pressure was held at 40 psig, and the feed flows were set to

give a weight hourly space velocity (“WHSV”) of 1 hr'.
6



Exanpl es:

[0037] A m xture of 14 nol e% ci s-3-hexene and 86 nol e%
trans- 3- hexene was bl ended with n-hexane at varying |l evels and used as

react or fWORIIII3HI831: 6 nolar ratio of cis:trans i s cl os@CTASeHa/03WPT Ul at ed

equilibriumratio of 12%cis and 88%trans at this tenperature.
| evel s of hexene were used since the product fromthe netathesis process

Di fferent

may possibly be blended with other C6 feeds. The testing conditions bel ow

wer e used. GC(ﬁ@

3- hexene

dehydrogém&tedma@amnﬂWmﬁl and 2- hexenes.
1- hexene.

alw%
neasur ed

i s qU|c roge Rated to n-hexane, Some of ichis

Z S n_and aronatlcs selectivity
e %ﬁaf g%tzr?]m(f—&fHé’Ui)n feed = 0.75, LHSV = 8.6 hr’

E:FTﬁ Jaghﬁ?ed P(qu&l éﬂéﬁﬁh&ut%ﬁm% node %ﬁ‘%et ha{‘méﬂﬁ%fﬁspéﬂﬂ'e

The procedure was repeated for
The results are shown in Table 1 below. In Table Ithe catal yst

S

TABLE 1 Feed mnppmdfemﬂwﬁm 1%1teﬁ@24b0uaueamsllaﬂnué%1 amaspiskeiscos@weodly vity (9%

n- hexane

3- hexenes 1-he
through a catalyst bed 0)%%6207 on alumina (10 wt% Re-metal) which was maintained at

48°C. The catalyst was previously activated in air at S500°C. Reaction product analysis after
24 hours time on stream revealed a total butenes conversion of 43% with an equilibrium
distribution of products. The selectivity towards propylene was found to be 49% while the
selectivity towards hexenes was 4%. The molar ratio of cis-3-hexene to trans-3-hexene was
found to be 1:6. A comparison between the calculated equilibrium product distribution and
the observed values is shown in Figure 2. As can be seen from the results, the reaction

proceeds close to equilibrium.

Example 2: Re catalyst at 48 °C, 75 mole% 1-butene

[0033] The feed with a 1-butene/2-butene molar ratio of 3:1 was passed continuously
through the catalyst bed of Re>O7 on alumina (10 wt% Re-metal) which was maintained at 48
°C. The catalyst was previously activated in air at S00 °C. Reaction product analysis after 19
hours time on stream revealed a total butenes conversion of 59% with an equilibrium
distribution of products. The selectivity towards propylene was found to be 46% while the
selectivity towards hexenes was 20%. Again, the molar ratio of cis-3-hexene to trans-3-
hexene was found to be 1:6. A comparison between the calculated equilibrium product

distribution and the observed values is shown in Figure 3.

Example 3: Co/Mo catalyst at 97 °C, 50 mole% 1-butene

[0034] The feed with a 1-butene/2-butene molar ratio of 1:1 was passed continuously
through the catalyst bed of CoO/MoOs3 on alumina (3.5 wt% CoO, 14 wt% MoOs3) which was
maintained at 97 °C. The catalyst was previously activated in nitrogen at 500°C. Reaction
product analysis after 9 hours time on stream revealed a total butenes conversion of 57% with
an equilibrium distribution of products. The selectivity towards propylene was found to be
46% while the selectivity towards hexenes was approximately 10%. A comparison between

the calculated equilibrium product distribution and the observed values is shown in Figure 4.
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WO 2011/136983 PCT/US2011/033059

Example 4: WOs catalyst at 296 °C, 50% 1-butene

[0035] The feed with a 1-butene/2-butene molar ratio of 3:1 was passed continuously
through the catalyst bed of WOs3 on silica (6 wt% WO3) which was maintained at 296°C. The
catalyst was previously activated in nitrogen at 600°C. Reaction product analysis after 45
minutes time on stream revealed a total butenes conversion of 42% with an equilibrium
distribution of products. The selectivity towards propylene was found to be 48% while the
selectivity towards hexenes was 5%. The experimental product distribution is shown in

Figure 5.

AROMATIZATION
[0036] Catalyst: The catalyst was Pt/CsGeZSM-5 made by the methods disclosed in
U.S. Patent Application Publication No. 2008/0255398.

Examples:

[0037] A mixture of 14 mole% cis-3-hexene and 86 mole% trans-3-hexene was
blended with n-hexane at varying levels and used as reactor feed. This 1:6 molar ratio of
cis:trans is close to the calculated equilibrium ratio of 12% cis and 88% trans at this
temperature, Different levels of hexene were used since the product from the metathesis
process may possibly be blended with other Cs feeds. The testing conditions below were used.

GC data for the individual compounds show that much of the 3-hexene is quickly
hydrogenated to n-hexane, some of which is dehydrogenated again to 1- and 2-hexenes. The
procedure was repeated for 1-hexene. The results are shown in Table 1 below.

In Table 1the catalystis a 1 wt% Pt/CsGeZSM-5 catalyst. Conversion and aromatics
selectivity measured at T = 515°C, P = 1 atm, Ho/HC in feed = 0.75, LHSV = 8.6 hr!
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WO 2011/136983 PCT/US2011/033059
TABLE 1
Feed composition (wt.%) Cs conversion aromatics
n-hexane | 3-hexenes 1-hexene | (%) selectivity (%)
100 0 0 18 91
90 10 0 17 91
70 30 0 20 89
0 100 0 30 86
90 0 10 23 89
70 0 30 25 89
0 0 100 30 89

[0038] From these data we can see that both 1-hexene and the 3-hexenes are
converted to benzene with good selectivity and the rate of conversion of both is somewhat
higher than that of n-hexane. Selectivity to aromatics (which were predominantly benzene)
declines slightly as the level of olefin increases, probably because the olefin cracks somewhat
faster than the paraffin. The rate of deactivation was unaffected by olefin concentrations up
to 30 mole%.

[0039] Figure 1 shows an embodiment of the present invention. A hydrocarbon feed
containing butenes (1-butene, 2-butene and, optionally, isobutene) is introduced into the
process. The feed may also contain pentenes. The feed may be combined with a recycle
stream containing product butenes. Depending on feed composition before combination with
the recycle and on composition of the recycle stream, either the recycle stream or the feed
after combination with the recycle may be modified in an isomerization reactor to obtain a
desired molar ratio of 1-butene:2-butene for the feed composition into the metathesis reactor,
i.e., the isomerization reactor may be located in the recycle stream or in the feed stream after
combination with the recycle. Before being introduced into the metathesis reactor the
feedstream may be combined with recycle streams containing pentenes and ethylene. The
feed introduced into the metathesis reactor may contain butenes (1-, 2- and iso), pentenes and
ethylene. Some possible metathesis reactions are disclosed above. As noted above, any
metathesis catalyst should be effective for the present invention. The desired products of the
metathesis reaction are propylene and hexene. Pentenes, product butenes and ethylene are
byproducts which may be recycled (along with unreacted butenes). Ethylene may be

separated for further processing into other compound and products instead of being recycled.



25 89 0 0 100 30 89 [0038] From these data we can see that both

1- hexene and the 3-hexenes are converted to benzene with good selectivity
and t he raPe0uf13eWAver si on of both is somewhat hi gher t R&H/USREH1/083059

n- hexane. Selectivity to aromatics (which were predom nantly benzene)
declines slightly as the | evel of olefin increases, probably because the

ol efin cracks sonewhat faster than the paraffin. The rate of deactivation
was unaf f |.ef i rat i 0 - 9] Figure
1 ehove. A adiiorh o P FRREOR B AR RO TR By ey 08

cont ai ni negpanitdein®sat [ehstiveid prodyuct 3rgzutserne candiningprorytva kyd onesoamemge) i s

i ntroduced_into th rocess., 1The, f I es.. The feed
may be cgﬁﬁ?ﬁ%a‘%Pgﬁpge%%b?@ﬁ%”@?ﬁ§§%¥gﬁﬁ%§#ﬁﬁ%gﬁgéﬁéﬁ%ﬁﬁﬁ%ﬁ§h2?. Dependi ng
on feed motrepabivici @nyllrefmayebecarytledat producni Aty deheraticayahhguakibvonindempiosi ti on

of the recycle stre either the recycle streamor .the, feed after

conbi nat it%%le{ﬂi these P’f?g‘q%t%?:‘ﬁ}icrf‘(é'cwyt% uﬂ%JdPﬁ?eéD&esfﬁt LY rf%éeirf%afagﬂn’rﬁéeact or to
obt ai n a sk HRAubMiradm lsaht@uedd idob benetiZado reoer fetotvesidaed conposition
into the netathesis reactor, i.e., the isonenizatign react or q@g be | ocat ed

in the réEypates sthedisnings aE fopEeG @danasps-eHin igheerlelbnticAdt PO Gt 49 t he
recycl e. BRhQI &eb6ivRHed Blb10CHCHMeref ehylbif chRARLMDBSIS Anfafnkizidda feedstream
may be conbined with recycle streans containi ng pentenes and ethylene. The
feed i nt radlyedaompinthe b ferprapdiagg olofigamrppe wed ItHHPEIM BYERREs (1-, 2- and
i so), pentene 0 ' SieSinli 8RAGIL&NSKar e

di scl osed abo@gg&gggﬁg¥%g&g Séégﬁgﬁ§§§%?g$%§§%§%g§t§Iyst sﬁéuldnbe

ef f ect i veofpriset g repetggeritydionarbert feehmixfire celemisined! -priegubetersfandhe net at hesi s
reaction ar. ropyl . ' e » d et hyl ene
are bypr5%E@P@yﬁﬁ%@%ﬂggﬁﬂ%%%%é%%%ﬁégg%%%%ﬁ%maﬁ{%gﬁﬁﬁgggygﬁagﬁ?gnes).

Et hyl ene malchenpepag atheldnd, propflund, pexupbocesspagnenhexcotsved hhapound and

products inst of hei ecycled.  In.addition tg th roduct.s for
recycle,‘%%Emﬁggg?PﬁwmﬁggﬁE@?é%F§8W?Fﬁ@hW%%ﬁpﬂl%?%%Fggg?g?mhfghgg%%rated
into at |weashyldndD BI)QEHaeking the @AFBlencOii@n he Pt BBy sqpanpyd dokexand aode
cont ai ni ng _hexenes and hi%ggr ol efins, aHd recxﬁgﬁ st{?am§§% of unreacted
but enes aheppitis g thowrodist: apd gearing Be AR BFE QleFREY dedics6RCpr oduct .
Any separ@hh Q8mh@aheH Guey sk NRWEp hyhd Mladatio b0 -dit@kd-tuhas i (B¢ BEuEh®oand
recycle may be used in the present invention. After separation, the hexene

product dewdeands i@ theyapgsdil dedn 3barcl-@k &pyhati zation reactor for conversion
to aromatics. ¢ NEXERERUBERLKANUR! i the hRRRRZ DG s K B BNGO,, BhsS:i NS,
such as heptenes and octenes, are converted to tol dene, xylenes,

et hyl benzene:@na Ret@ransl0Aayd/ar @te awaationiop sealyyids Piiiowerlith the art for
aromat | 21 g BLANINS pIR%PEISEDKISMIS AU E0Nn! DYERLLO i [0040] In
one enbodinent, a process tor producl hg propyl ene and aromat’ics can

conpr i se:PuasGegsMds agl/a (ihytle comertnaniorf addxamsdnd heggherariglims siupgo 10%Lndioe,

2- butene an optionally. .isobutene.in the presence of met at hesi

cat al yst (g} tﬂ%{%ig‘? Fi°8h tee%{ @lﬁ?ISH%t OngI OB PR RAST 1 40 Fﬁb(w a0 (glﬁrer? "5Popyl ene,
product bubgae, bupasirhesydrdtamkentsd and bighep., sdoaf 1: nsandar)vib@gar at i ng from
t he product and recycling the pentenes,. the butenes, and optionally, the
ethylenefwg§§m?%ﬁﬁ?éPﬁﬁﬂgFﬁgwﬁﬁ§ﬁ9? W@”PFBH??h%mSW%Hﬂ%ﬁ¥w6§¥m¥é389ating t he
hexenes afgke Magheo psth &hiifas (il @B ihiperi s OehatniinaRthng boik &RGEd Lgtylehie hexenes
and higher olefins in the presence of an aromatization catalyst. In step a)
the nol arcopgevnsls giola nslacelee opygsarieh sulfu CoRROURYY PBEAFbEITACERY %€an be in the
range of &fRMaatRYkerdotCantifr BBAHE plarknolecule is WARA Bha/bitx] NStathddid Q¥srried

enbodi nents, (i) the netathesis catalyst is W3 on Si 02, M03 on Al 203 or
Re207 on ot 203empaveitsrof 250 ot Coand pravrdssuae Pldhpsétol0) 9eigi adpt (XKL - zeol i t e,

catal yst 2 R DER R A bTER St abibm IR R hes ana

hi gher ol tefhperguie bewpert W0308H0ROANDat a(prdssirbbetigenricnd B bopsid, emtorrtkivtatiere
additionally conprise ent enes; an r i) the l.ar. rat.i o, of
L out oo e HyRrRt 1 SRS B P iR BR e b HdrodaEn RS iRl By |y

and/ or ( Wiutehe:RIvatchyaibRcatidonl :§ estl1 pooms b&gsinaodvestihtoake manhdkisatetor;
inpurities, contam nants and poi sons of no nore than 100 ppm and/or (viii)
the inmpurities, contam nants and poi sons are acetyl eni c conpounds, pol ar

nmol ecul es, oxygenates, sul fur conpound, nitrogen compounds or conbi nations
thereof; and/or (ix) the polar nolecule is water; and/or (x) netathesis is
carried out at a tenperature of 25C to 400C and a pressure of 0 psig to 500
psig; and/or (xi) aromatization is carried out at a liquid hourly space
velocity between 0.1 and 100 If', at a tenperature between 200 and 600C and
at a pressure between 1 and 315 psia; and/or (xii) after the butenes are

b Y M



and/or (xiii) the butenes are isonerized prior to being recycled to the
hydr ocarbon feed and the hydrocarbon feed has a 1-butene: 2-butene nol ar
rati o of WO@0t14136983 prior to being introduced into the ReTAISA®/08306®act or
and/or (xiv) the propyl ene: hexenes nolar ratio in step a) is 1.5 to 2.5
(e.g., about 2:1); and/or (xv) the propyl ene: hexenes nolar ratio in the
net at hesis product is of 1:1 to 3:1; and/or (xvi) the concentration of
hexenes i ] IS, ' | e%
0042] - B R R Mt o

i nvent i omyédwerpodsidilea i-huknghbutafe mde ratlyord ¢ e &clhirieg . being titepdpdsdr ef ore to
be understoqd that within the sc f a | T8, i.avention
may be pruétg |e(§1ée(§a%%et RS gncpﬂra(ﬁwgis%gg%@@%&ﬁ?ﬁ%g&g%gﬁaﬁ{) g{e%%ha%%g?jnt{oa' TI1S
CLAI MED: (d.g.Aatpuial: Bs andfod (x v the iyl ge: ik oy neiwe ragin dhn te orathes s produrpisiofi ng:

ti hydr ocarbon feed mi xt mori si ng 1- but 2- but d
bt 1 onal 15 oo b G PRE eorg Bt Sr A At RSB iy Brhig e 2

condi ti ongsodt@wdkyodbie®. a product conprising ethylene, propylene, product

but enes, pentenes, hexenes and hi gher ol efins; | bjé seFarating
from the prodPZhARVIPuskY aymergus RediBeationtand vatigiont ol B Besenbmiension fnal |y,
the et hylghgsic in light ofRd atPOPRA@ AR 1i@elRl PP B RBAd:§:660 thitaviliPAUy 6dope

b3) separating the hexenes and higher olefins fromthe product; and c)
react i ng of He appspderbdaigy dh ingprsionahayfol peactigpdiotieryisedemeesrefiflieyar omat i zat i on
catalystwb&gﬁ&fﬁ Lihn step a) the nolar ratio of 1-butene:2-butene in the
hydr ocarbon feed Is of 1:6 to 6:1. 2. The process of Caim1l wherein the
nmet at hesi s catalyst is W3 on Si 02, Mb03 on Al 203 or Re207 on Al 203.

11



3. The process of any of Clainms 1 - 2, wherein the aromatization catalyst is
Pt/KL- zeolite, Pt/CsGeZSM5, Pt/KGeZSM5 or Pt/ KZSM 5. 4. The process of
any of ClDr28111136983, wherein the aronati zati on cat al yst PC3/USRI1CHEIHZEM 5.

5. The process of any of Clainms 1 - 4, wherein the concentration of hexenes
and higher olefins is up to 30% 6. The process of any of Clainmns 1 - 5,
wherein the hydrocar bon feed m xture additionally conprises pentenes. 7.The
process q,gg @@ps 1 - 6, wherein the nolar ratio of

1- but ene: utene |n the hydr ocarbon feed is 1.5 to 2.5. 8. The process of
any of Cainsll - ZXprasksi@iprodubieg pdylovand aempesdoopnprd: ses a | evel of

non-di ene impuriti %Sfeac%(rjlnt gﬁrocar%oﬁtf%ggr}iﬁ%%r%&?? s?IIg 128t r’gb&t Mn &'00 ppm

9. The process of contam nant's and poi sons
ar e acet ypedniatly, m)mmwid she jo el ofmﬂnetauhémqatagmyag emalttie)as togudducr a jprodgeounds,
ni trogen conpounds or I nat i ?@”Pt her eof ocesslegf Claim?9

wherei n CREPRERESE yilﬁgf:,é)é‘%ﬁ ne, é)r% tenes, pentenes gexenes agci hgher o

b1) separating from the product and recycling the pentenes, the butenes, and
optionally, the ethylene;

b2) separating the propylene from the product;

b3) separating the hexenes and higher olefins from the product; and

¢) reacting the hexenes and higher olefins in the presence of an aromatization
catalyst,

wherein in step a) the molar ratio of 1-butene:2-butene in the hydrocarbon feed is of 1:6
to 6:1.

2. The process of Claim 1 wherein the metathesis catalyst is WO3 on SiO2, MoOs
on Al,O3 or RexO7 on ALOs.

3. The process of any of Claims 1 — 2, wherein the aromatization catalyst is Pt/KL-
zeolite, P/CsGeZSM-5, Pt/KGeZSM-5 or PUKZSM-5.

4. The process of any of Claims 1 — 2, wherein the aromatization catalyst is
Pt/CsGeZSM-5.

5. The process of any of Claims 1 — 4, wherein the concentration of hexenes and
higher olefins is up to 30%.

6. The process of any of Claims 1 — 5, wherein the hydrocarbon feed mixture
additionally comprises pentenes.

7. The process of any of Claims 1 — 6, wherein the molar ratio of 1-butene:2-butene
in the hydrocarbon feed is 1.5 to 2.5.

8. The process of any of Claims 1 — 7, wherein the hydrocarbon feed comprises a
level of non-diene impurities, contaminants and poisons of no more than 100 ppm.

9. The process of Claim 8 wherein the impurities, contaminants and poisons are
acetylenic compounds, polar molecules, oxygenates, sulfur compounds, nitrogen compounds
or combinations thereof.

10. The process of Claim 9 wherein the polar molecule is water.
11. The process of any of Claims 1 — 10, wherein metathesis is carried out at a

temperature of 25°C to 400°C and a pressure of 0 psig to 500 psig.

12



11. The process of any of Clainms 1 - 10, wherein netathesis is carried out
at a tenperature of 25C to 400C and a pressure of 0 psig to 500 psig. WO
2011/ 136989RCI/1383311/ 033059 12. The process of anpCoiUs@aiopddsd - 11,
wherein aromatization is carried out at a liquid hourly space velocity the
range between 0.1 and 100 If', at a tenperature between 200 and 600C and at

a pressure between 1 and 315 psi a. 13. The process of any of Cains 1
- 12, wherein, aftef, fhe bit.q sm%elreﬁy%&g tRonfdie tmg&a%hﬁp faeed, the
hydr ocar bon feed is e|I5§ornser(?dtzaeg to a 1-butene: 5 but ene mol ar ratl% of 1:6 to

6: 1 pri odighid hbeﬂmaqenf@b@@bubedmgememfteh@ Irred 40He's ks tewpasatale between 2004, The
process of in the butenes are isonerized prior

to being reg@éF adgaptreﬁsur%beévrv%egalr og{f 60 and t he hydr ocarbon feed has a
1- but ene: 2- butdene mmmceﬁsaiﬂa@ (ﬁ‘fCléllﬂl@l'[—dQﬁWHerqanlaﬁEr th@bdmmemge raayal@idoced i nto
the netathesis r e proces

wher o - (HASBRGHTHEL Hisbesreemi oA 1 BoRgrn g iy Frtep? g ugo g1

16. The preE&SEp: (@yngGhtrddudddiBio themeldhesWh@toi.n the propyl ene: hexenes

nolar ratio in the metathesis product is of 1:1 to 3: 1. 17.. The
process of an of a‘eeﬁr‘?f%ssl"fanﬂ@c Clgfps i 18- Vi DS ORISR 3F% ignegireHaiotes i n

the net athgs i@ yREQH WethyliRcabdMbD n@ 1By dBLLS6n feed has a 1-butene:2-butene molar
ratio of 1:6 to 6:1 prior to being introduced into the metathesis reactor.
15. The process of any of Claims 1 — 14, wherein the propylene:hexenes molar ratio

in step a) is 1.5 to 2.5.

16. The process of any of Claims 1 — 14, wherein the propylene:hexenes molar ratio

in the metathesis product is of 1:1 to 3:1.

17. The process of any of Claims 1 — 16, wherein the concentration of hexenes in the

metathesis product is 3 mol% to 20 mole%.
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