PROCESS AND SYSTEM FOR THE PRODUCTION OF ISOPRENE Background The disclosed
embodiments generally relate to the production of 2-methyl-2-pentene and isoprene and more
particularly to the use of a mixed 04 stream to produce 2-methyl-2-pentene, which subsequently is
converted to isoprene. 2-methyl-2-pentene is a product found in steam cracking effluents at low
concentrations. It is in the presence of many closely boiling C5 and 06 olefin isomers, making recovery
at significant volumes difficult and expensive. It is known from U.S. Patent No. 6,538,168 to
produce 05/06 olefins fr, e r bons. The initial metathesis reaction of the 04
olefins produces a mixtl% g%é%%& (%te”%ﬁsé}%{r%éj g&é%g&qﬁuo%go&%!ﬁﬁreﬁ%scribed in U.S. Patent
No. 6,538,168, the 02-06 olefins mixture is fractionated in a multi-stage distillation process to give a
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described tHEV&TUHTEHPOHLIE SIS (ORERIE®9,5 % wt. 3-hexene. The 1-butene conversion rate is
91% wt. and the 220DeEnecoNeIBioE Rapds 5096 tstsobadene #ventossdvbeforenmadtathesis so that
the reactanttskseanndasreneiashersis-egniiaies ailing. @ Yaisob) igReisdhe S aneeriration-af & methyl
2-pentene igidhig.£a98 s IRk k%0 expeﬂg}@ger known processes produce 2-methyl-2-pentene from

propylene. A process that involv imerizing propylene to form methyl-pentenes and
dimethyl-butenes %Iaég%‘?fbr}erg?ng g!) Iga?fjémgl\l%o.sga%/g%,tﬁgﬁ? Wetnaer s RetisD Pitene is
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using acrylonitrile as the ‘solvent. This route Is cf)m?’p |cate_’d%y € presence o cyglopgﬁcf% lene that is
also remov&a SLTEGTERIBY fid SuieRs. 2 nteRetieie 5B frglieoct sorkrirnb sagear Bire and
Rubber CofgEmydrnirelapsed Aigrdedss forcdomieintgiding dirghe-pentestieyviceateangénafdmedrocarbons,
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a process C’S?ﬁfﬁqgiﬁ@c.{ other products, as is described in "Factors Affecting Methyl Pentene Pyrolysis”,
Frech et al, ACS Symposium Series, 1976). The products comprise methane, ethyiene,
butadiene, isoprene butenes, and C, dienes. The reaction takes place at temperatures of 600

Deg. C or higher and under high dilution to avoid isoprene polymerization. The Goodyear process



reacting a mixed metathesis feed stream comprising isobutylene and 2-pentene in a first metathesis
reactor in the presence of a first metathesis catalyst under conditions sufficient to produce an
intermediate product stream comprising 2-methyl-2pentane, ethylene and propylene, separating the
2-methyl-2-pentene, subjecting the separated 2-methy1-2-pentene to pyrolysis to produce a
reaction product stream comprising isoprene, and separating the isoprene into an isoprene product
stream using fractionation. In another aspect, there is provided a process comprising: reacting a
mixed metathesissfegd-stgann coMRrisindisoRuUtyIaneMadstRentiens iR the-esenca afafirst
metathess.cgt%xstl un %%;qncgétégnsrsgc ;gler;égonpgodlijé:? an, n{g%rrrgﬁéjlat snrcrduct str,e} m comprising
propylene, 5 etﬁyi-?z-pen ene, e?ﬁyfsene,rb, - alrﬁe%y S Putere and -bul%_%@,ass vie sse%arating the
intermediate*prodiiRt STRERT PR MTEIMageIFA O onaRFP Pt ST I0rPE aepamaiafionLphtene
stream, a distitlatebstraim edntdiveinig@diphendlandvpriopyisnessendia 2i<divn&itriyl -2shptenre stream,
subjecting thia-sep e R methyLpeptena e e-PVEObSIS. tp)Pragkce a reaction product stream
comprising isopregg, giidsEPRINNG (e iagRiens. Jito.an seRiene. produaL stieam.using,ipetionation.
One embodiment is a process comprising reacting a mixed Cy'metathesis Tee strea coi{nprising
isobutylenePHTa%5t 138 ENE GP B dRt e ieehcafing HRlt e R PdueioiiRa i hresence of
a first metafiat®is catedyst Eneleywsaditirdystfficidrseto Prodered an itermediatespfoductistream
comprising atelgast 30nwvtnéh, Zanathydwar-gentenehased upondhscelefinngomentekiesh feed in the
mixed C4 f@?&%ﬂé‘ﬂ%ézéﬁédﬁé%’ﬁo@u@ g@sﬁsggzm@soée%@maﬁdﬁﬁgﬁﬁgnxke%msﬁ%%@%sthe

2-methy1-2-pentene, supjecting the separated ethyl-2-pentene to pyrolysis to produce a reaction
orotuct sud R A R HENE SRR PTG (1E RUPEPETALD R GorEA BHGHRE sromm
using fractiGidiee. vacuum RetREPe ATB GIRTERT| §2 5 GRessseopRIBIRT TR ARNIAG BbMIREEE Chymetathesis
feed streamreamprising isdbuhdenecamdpiidatenadnitheipsesenee dimndirsheretathesis catalyst under
conditions gyfigigntyg preduge an dntepmediptenatadust SHSHY COMINISING ZHpatid2-Leptene and at
least one o{s%tpgrl‘ggg aabrg}g _propylene, fractionating the intermediate product stream to form a
2-methy1-2-pgntene stream and at least one of an ethylene stream and a propylene stream,
subjecting the sepalSidd 2 HsalHyr- Sepeiftenr Sirea RS SSYIB I pidB gt RFesctBRBIsduct stream
comprising reoprexee @nelefe stcatingetiveissprEnsigh foranercisoprdme Jredlictestye aimensing
fractionatioBan then bAJsthe poBIbOdEmeRt.is process comprising reacting a mixed C4 metathesis feed
stream comprising isobutylene and 2-pentene in the presence of a first metathesis catalyst under
. conditions sufficient to produce an intermediatesﬁrodgrct stream comprising propylene,
2-methyl2-pentene, ethylene, 2,3-dimethy1-2- d 2-butene, separating the intermediate
product stregnoit am@&ti-s{agesfwsa@a@qmmggﬁg&ﬁgﬁgﬂﬁ: a 2-methyl-2-pentene stream, a distillate
. stream containing ethylene and @rop lene, and a 2,3-dimethy1-2-butene stream, subjecting the

separated 2-methyB3HERRREE HE RGeS RRPB SRS S T Sl [srsuad StReaRROmMprising
isoprene, arid s@paratitathtss iseptenie thtoparsisaprehe produttBiseam=ising drakiionation. Yet
another emRafinl SacuseTROmRS A e ishmegasibdeaciot B SeCRRd eaelgr,a et
multistage fractionation system, a pyrolysis heater and a second multistage frgc iOhation system. The
first metathé%?§%‘§cf‘6?¥?%ﬁﬂétﬁ’l‘@8yf8r}%act isobutylene with at least one of 1-butene and 2-pentene
to produce 2-methgbzapginteihe. ZHinetsgepnanaaetor comprises at least one of an isomerization reactor
configured to isomgrize 2- - 16, and a metathesis reactor configured to react
2-butene with at Ieggt%%r;ﬁen %%%t%%r{é% %@g ﬁ%@%ep%%&%%l&%yﬁgﬁvlé%g H& fﬁsgfaﬁi%ﬁi%tage
fractionatiorPEJR¢enS 8D RRGINEIND! PBHICe 2 2-methyl2-pentene stream and a

- 2,3-dimethy1-2-butenea-stieame: Eogreyeahisismrateeie eocdiau kit ciaek the.dsragthyl-2-pentene to
produce isoprene and other hydrocarbons. The second multistage fractionation system is configured to
separate isopreriwifeneshechtierhiporsigedagrocess comprising:

reacting a mixed metathesis feed stream comprising isobutylene and 2-pentens
in the presence of a first metathesis catalyst under conditions sufficient to produce an
intermediate product stream comprising propyiene, 2-mesthyi-2-pentens, sthylene, 2,3-
dimethyl-2-butene and 2-butensg,
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Brief Description of the Drawings Fig 1 is a flow sheet according to a first process and system
described below. Fig 2 is a flow sheet according to a second process and system described below. Fig
3 is a flow sheet according to a third embodiment described below. Fig. 4 is a flow sheet according to
a fourth embodiment. Detailed Description Systems and processes are described herein for the
efficient production_gf isoprene using ispbutylene as a reactant. The processes enable production of
an iso hexene matg%% Sﬁi%g)ﬂ?g%%@\%@}l ré%% WO R Ny 2 2P L e prdiRntrretinRerRiae required
for dimerizatiBriorrhe 2matthA-pepiatte secean thésibetastddo podsios isethréane wilizing the thermal
cracking routgowiish ismtowencast-and ugherdnsyigld.than catalytic dehydrogenation involving
isoamylenes. In som%g.gfq]bo imﬁents,agta%r valéﬁlble product streams are produced, including ethylene
and propylene.  SREGNEY R PERT AR e BH - TaRSr iR RE AT R WRhisit faritedwieerted into
product. "Actéatigeloroductiseehecempaisthirisbatsies], eefers to the actual mass or weight of product
obtained (having sybiiasted the iRspret nssesdipdnaniige, S1san)s agd fractionation). divided by
the predicted mass or weight of product if no competing reactions took pps?ce. 121 can be expressed
as a percent, and ¥'p&§®gdsrean oY erafiaTateT eftadaneeinds useedher einatisaliectivitgtimd able 1
refers to thesnassrofisopaytioslarprosutbeesipaunthiarmaedsshidded bythednass ofallpreducts
formed, notiRGkdingL HIGONYSHEAHERCIAN, DRERSSBHAR A RERRAIT Selsgiivity is based on an overall

crlt;%q herein use isobutylene as a reactant N the

material balance, The processes [
metathesis ?a(r-:-oaé?(‘':j'?c{i)rs".t i %ﬁgmégr%%ngdﬁfn%eaﬁ?% Butdnd S TWomRTLRY bR AFlh R tRE P sent to the

metathesis f&stfBTWh &R TR EatteiatiFtl feebatirneats Brierathyterlctiene-methpb2epentene. In
“other casesseethigien#puateinatlienmethibebis tteastionaid sobetylene-anrdsl hulanais wsed in a

metathesis peaction 6i2taHteBeaNELEtRY IenoteRy ashire Rronylens asanadditional pradyct. In

another emEQ&@F@%&&P&F@% (95% %@Hggﬁ%nare reacted in one metathesis reactor to form propylene
and 2-pentene, and the 2-pentene is then reacted with isobutylene in another metathesis reactor to

form 2-methyl-2-pelRERE STAPRAER L8 e? £'9&T55H CHEILHIS FoRIEKS s et fo otigieie Hedired product
and recycles§a®BRIIPrisiNgTiFRD ¥R e diS-bairaly St tnaprbecarsy o aitak exenetashesisigatahst including
but not limiteehdticaxideBcahGoospd\AB andtereupY IFdametalean ssRpts. menlmtm@%@mples

include tun%@g,gégglypg@rymegggnm' %8@%&%@%@5%%&&%&“ be of éwiyggmand could

include alungig_a Eﬁ%hg%bn?&xturets there%f, %/drotalmtes, zirconia, and zeoﬁE%dslf n addition 1o the
metathesis cat_gJysﬁ & CAlAlySTIn the metathedl§ FeZBSI MG RUERIR 2P H SR BRMdSEEARerization
catalyst such A& HadireSurrBKidensittcraniehkitiesaThis misehttie diseredistion stptiicativotake place at a
temperaturetbsetiveenrBOQanth%56 @ preferably hetvsepnrB300 ana 40Q0scorene pfofiethadstar the double
bond isomerizatierehZiitene to form 1-butene is described in commonly assigned U.S. Patent No.
6,875,901, the contents of which are incorporated herein by reference in their entirety. Non-limiting
examples of catalysts used in the isomerization of 2- butene to 1-butene are basic metal oxide
catalysts. 2-methyl-2-pentene produced in the metathesis reactions is converted to isoprene in a
cracking process, followed by use of a solvent extraction or liquid adsorption system for the recovery
of isoprene. In a typical process of this type, a pyrolysis process yields a full spectrum of products from
methane gas, C2, C3, and C4 hydrocarbons, C5 hydrocarbons including isoprene, cyclopentadiene,
methyl-butenes, and piperylenes, unconverted 2-methyl-2-pentene and other C6 hydrocarbons, and
heavies. The mixture is then quenched with a caustic solution. After water separation, the mixture is
sent to a distillation/adsorption section where a C6+ liquid is used to adsorb the C5 material. Methane
and some of the 04 or lighter components are removed overhead. The bottoms (C6+) flows to a
fractionation step. The Cs's (mainly isoprene) are then stripped from the heavy C6+ liquid. Any
cyclopentadiene has been dimerized to dicyclopentadiene and flows out the bottom of this stripping
column. 2-methyl-2-pentene as the bottom stream from this second tower is then sent to a third tower
where it is distilled overhead and recycled to the cracking furnace. The bottoms heavy liquid is
recycled as the solvent. C5 paraffins and mono-olefins including methyl-butenes from the stripping
column overhead are separated in an extractive distillation column, with isoprene remaining in the
solvent. Isoprene is separated from the solvent in a stripping column and is water washed to remove
traces of the solvent. Crude isoprene is sent to a fractionation sequence in which alkynes are removed
as the distillate in a first distillation tower and a second distillation tower removes piperylenes as a
bottom stream and isoprene is collected as distillate. As would be evident to those skilled in the art,
there are variations possible in the separation of iggprene from a cracking effluent and the above
process is a non-limiting example. :



Advantages of the processes described herein include the following: 1. 2-methyl-2-pentene is
produced in high concentration from a C4 stream. As mentioned above, conventional methods for
production of 2-methyl-2-pentene from propylene result in a high cost feedstock since propylene is
much more expensive than butenes. propylene + propylene 4 2-methyl-2-pentene 4 isoprene +
methane In contrast, in certain embodiments described herein, 1-butene + isobutene 9
2-methyl-2-pentene + ethylene 2-methyl-2-pentene 4 isoprene + methane 2-pentene +

isobutene 4 2-methyk2sRealang; mm@y g2 snetiv 5&4%@{1#8@%4599%” el ftee%“?ﬁTh“S the

process deSCI‘Iberg[hel‘seIQulfl§e% mi ? §to Rroduce methyl| entenﬁé&eus either ethylene or
propylene, both valiable oletiis. instead of cofsUmiig afGatie’ pfshyie s'*i"hf?tf"‘é”i‘?uHié?‘i’r‘”’ir
substantial F@ﬂﬁ'&ﬁ%ﬁ?ﬁﬁ@f‘?&éﬂ"%@ﬁ@r‘@ﬁﬁ?‘?%@tﬁ%@%éﬁ?@ﬁ@ﬁ?@dﬂ%@r PYEhR Proedss described
herein utiliz@sanfated dedenectathesisibatalysensted ol &afo nmgeneg s catatystites prapylene
dimerizationsthaakis-us@difositae prosiastion ph etk PENiRASMAOHRRE RIRSASSES] B!é reduces

operating C%%Re%%ﬁn O@QH Q&u%%ﬁ%?olyﬁggegm? ng%rggnw{ 2~I§g Iﬁegeog rcclaatmessu%ﬁ% fixed methyl 2.

catalyst can be used In a of t e metathesis reactions presen d in this invention

pentene protReElydika BN ds R dimersaRolt, QHE?'W? SYnitiediscofisEprar ﬁ’@ﬁﬁ"iéo%ﬁﬁ%ﬂ‘ene and
formaldehyd&TRE RbriteRERR O8RS catalyaing 3hd Hecoweralhinetathesisselpctivity $oedive ssiny of -
2-methyl-2-pectiersand ethylene and/or propylene can be at least 90%, or at least 95%. 4. The

process ulizes miec. Ay eamsihahateAulahle:nn ARy BrAdHRIOm.aagking Unitg,Gonversion
of C4 oleflns to ethglglrS @S(t)é)?)éle%ne an |so%§ene could otentla Z increase the value o? the feed

stream. Competltlve rocEssas Tnvolve TRecd ey Snatione5r EGEnIShasSIF R P stEEm from

steam crackErE ‘?§al3'§@&Véée?éeahﬁnﬁrﬁﬁé‘%%’é?ﬁ?léﬁ?é?ft‘ﬁ|§°F@§Wﬁéé°éﬁ?éh§ﬁiéﬂ§@p%tmﬁbﬁ fsbst

cyclopentadienef Attgenataly Isvampyianesdare benptodaqedieththenetathesisof psepytenatand

butenes inveivngnbigh:-eosthsaRIteNR A% J8eduRISOMSHRIBOIMENSObIRe, Q{ggggsa%ilgze an

isomerizatiop feactar r@ﬂoﬁ‘%r%[x%ﬁr{o e é{t‘i%‘ﬁtéﬂtg\ﬂnt? (g D& maquge,&‘h Sohl Ad T efé('blf to a variety
olo

of 04 feed campositions. 6 rocess can be integrate with olefins converaion tec gy (OCT)

for the prodbctioR ¢t %%%ﬁeﬂge 53} g&ﬂ%&f%?&%%&égs% DECREGHEE P "f‘l"i’é‘??ré@é?,%”ﬁ?oduces
ethylene th&rReNEDhR HEed 2D are Srdmerhiibrenfesticrsyuifémentiysan@ET ipoobsseatdducing
propylene vigeskiraeditionalhmetathesis tegetiite isoprene and other hydrocarbons. The second

multistage fractionation system is configured to separate isoprene from the other hydrocarbons.

Brief Description of the Drawings

Fig. 1 is a flow sheet according to a first process and system described below.
Fig. 2 is a flow sheet according to a second process and system described beiow.
Fig. 3 is a flow sheet according to a third embodiment described below.

Fig. 4 is a flow sheet according to a fourth embodiment.

Detailed Description
Systems and processes are described herein for the efficient production of isoprene

using isobutylene as a reactant. The processes enable production of an isc hexene material in
high concentration without using expensive propylens as would be required for dimerization. The
2-methyl-2-pentene can then be used fo produce isoprene utilizing the thermai cracking route,
which is fower cost and higher in yield than catalytic dehydrogenation involving iscamylenes. in
some embodiments, other valuable product sireams are produced, including sthylene and
propylene.,

As used herein, "conversion” refers to the mol. % of reactant converted into product.
“Actual vield” as used herein and in Table 1 refers to the actual mass or weight of product

obtained (having subtracted the product losses due to purge streams and fractionation), divided



2-butene + ethylene 4 propylene + propylene The integrated process can send butene purges to the
OCT process for additional reaction hence result in higher butene utilization In OCT, isobutylene will
not react with ethylene via metathesis, and is therefore typically removed and sent to fuel as LPG. In
the integrated process described herein, the isobutylene sent to LPG can be upgraded to higher value
isoprene and ethylene or propylene Unwanted side reactions in OCT involve the reaction of 1-butene
with 2-butene to produce propylene and 2-pentene. The 2-pentene byproduct from OCT can be
utilized as fggehfog thepiodsationiAmetndae Rentens.ding Rueibsad iohtaases ethylgne and or
propylene) eI be Eecovered in he %CT fracalonatlon tralq Inteegrqtg)n aIIows the Lgmmon use of

S

e A Ree
regeneratlon an treatment acl |t|e or the process since he ca alys S are S|m|Iar eco\/ery of

2-methyl-2- FEIREHE fr‘%ﬁ‘?@?al:lﬁf?é%?fl*ﬂ%ﬁ?ﬁéﬁ;ﬁé’ﬂﬁ* S AR GENGHEE RIUBFOATRIIVAMERARSINE limit the
production ¢zgsacify #orisoprenierPedcesisisithiian arecimeende deecprod everdseicthyla2epeateéne result in
higher voluragscans eaaseniraiionsgsrall maithe greeass is particularly useful for mixed 04 feed streams

containing 5-50 Wi Bzrog&ség)d@{gc(%gdb\léFgﬂ%sg &%mgé%e% Jaore%QtM %’tge%%%sé 49yt % or 10-60

Wt%lsobut}/lene an%o(gl @/t2t utane based o 3 wt % of 1-butene, 2-butene, |sobutylene and
a

butane. Small‘Guantiies of e 0 S RE O AL YR oS SR e AY) BE RSIBRRS 1 one

embodimerEaHe fdeiestrsaRrrias ol G@%ﬁﬁ@é@ s gierien=0endokris by dediaigoUndieand 0-1
parts C5 cormpsurtisibasedan<tOd partsdnttieefeeatStnastnisobutylent aprosess=deseabaderein

provides forn%tmwaylr&aﬁﬂt@‘@b@@h@hy&eédﬁl&fﬂo'g@h@Mpﬁbr@r@tge@gg;ﬂ&wtp&d&)&taﬁrleast 50 wt
A3 based upon,the, Qﬂo%ﬁ,féﬂth%%é) H@%tﬁ&% gpes%gl:?esalﬁegﬁ e?(fhggsyreagtor 10, fi) M of at least

2-methyl- 2pentene Is 30-70 wt A 40-70 wt % or 50-70 wt %. Furthermore, actual yie

10 wt A), orPRH88% F6WE 96 g Ié’ﬁgt 98 \%/tpﬁr)t%;ﬁ/lg}?g T dﬂ?élﬁ@ﬂ“tﬂﬁﬁapy%l?f?eéf at least 5
wt A, or at |EkiNEineActasiatrEnst I WRReekife it ceah e wistaetid THetietHyleme ianeepropylene
can be usecbinbcemtaindestbodintectsrafrtegpracass.and/or can be removed as products. The
following EX&mp'%@ﬁ&Qﬁé@é’@J@lﬁ@%§ &Q@W@Metqgfﬁ@méﬁé%wéﬁﬁ&%g%{}wﬁﬂn&dependent
upon feed ctomggsmo ain mt@%ratl%né/vlu EBT se ctlv@/ to dprowler}e ?Ilows for erg:‘cov ery of
propylene as va\uab?e oduct. Examp ied'1- r6Rasses Tor the % g

our
2-methyl-2- b@ﬁ?@ﬁe%dﬁ?@%éﬁﬁﬁ@?g%%ﬂ%s %?tﬁﬁsgﬁéﬁﬁgrﬁléﬁé %ﬁilé‘ﬁédyﬁ‘ﬂ@ﬁﬁéﬁt%h HYSYS.
Each processivwassimtiatidaviticggpiezibsteamotraike rmaffivmtant femditds e rid afdB0saavhssobutylene,
25% wt. 1-huiéenessanda2a9é Wihe2-datdeneinT be 2raethyls2pentenesqbiaings is thamisssshio produce

isoprene. Reﬁm&%tﬂoascqgfvgeqLEﬁ asws#egéni%@gmxv@m 5&3@ Uﬁ@'%?am@w%%@t.o%mwed The

butadiene can be re{{%g ed either via selegtive h 5n F?f?é Qn orre%é solvent extraction. In order to be

processed if A et s {OrPERR BT A iER SEPES TRV’ RsHRYte |

S Ratt or, the butadiene’s
comprises &mixture of isobutane, isobutylene, 1-butene, c/t 2 butene and normal butane. The stream
compositions used imdiedivatng s Hed rasecmeperia pliecbolefntdcech (housobitansdaredarmal butane

paraffins). Thesee0mRRALI0S arPaHMNI® Ve HRYIINGAR e R0 dHIRHEaR Higsinventign. In actual
practice. thefgaigyah shapGlins g fisse UEAmA i3 AcegiRlished pr.addiignal iagfonation and

or purging from the reaction | oogs as the concentration of para fins bull up in recycf)es since the

paraffins do”HST PSR FEATASSIE R q)é{ﬂ?s‘fgtaﬁﬁémple 1 Production of Isoprene and Ethylene from
2-Methyl-2- Penter?en@ib’béﬁré%l@?e produced in ihe metathesis reactions is converted to iscprene in a
cracking process, followed by use of a solvent extraction or liquid adsorption system for the

recovery of isoprene. In a fypical process of this type, a pyrolysis process yields a full spectrum
of products from methane gas, C,, C,, and C, hydrocarbons, Cy hydrocarbons including isoprene,
cyclopentadiene, methyl-butenes, and piperylenes, unconverted 2-methyl-2-pentene and other Cg
hydrocarbons, and heavies. The mixture is then quenched with a caustic solution. After water
separation, the mixture is sent to a distillation/adsorption section where a Cg+ liquid is used fo
adsorb the C; material. Methane and some of the C, or lighter components are removed
overhead. The bottoms (Cgt+) fiows to a fractionation step. The Cg's (mainly isoprene) are then
stripped from the heavy Cgt+ liquid. Any cyclopentadiene has been dimerized to di-

cyclopentadiene and fiows out the bottom of this stripping column. 2-methyl-2-pentene as the



Catalytic Distillation-Deisobutylenization (CD-DIB) and Metathesis Reaction of Isobutylene and
1-Butene with Isomerization Loop Referring first to Fig. 1, the overall process for producing
isoprene from mixed 04 streams is designated as 100. The overall process includes a metathesis
process 101 to form 2-methyl-2- pentene, and a pyrolysis and separation process 103 to produce
isoprene. Fresh raffinate | in stream 102 containing 50% wt. isobutylene, 25% wt. 1-butene, and
25% wt. 2-butene was catalytically distilled in tower 104 to separate isobutylene in top stream 106

Lrogln the n-tu@t%e&ﬂéhgjm%sag&%m g&%ﬁ @%W%ﬂtié@'ﬁlﬁtmoli\lnewf&ét%wig%ﬁllgpea{&hea? L but
ydroisome Y n istillation sfructyres tq allow for the isomerization of 1- butene
to 2-butene£:all¥§a t%%g fea%ctioﬁ;ét\%% _blpécgjén sCe l?f?ﬁe% %ttos%sn%%a& ﬁfggls'arﬁaa%qiSﬁ%en%ﬂ\éﬂt‘p%ﬁions of the
1-butene arfd"2H5iERS PR IIET NOUTS RatwbRYITast ot e stirAkeCHANIRsvRAthes
isobutylene $sReERIRY. IT Riseidr e dstitrinmizénhie ith isteneniréhnaiove ihdieel sgebutydeprenprioduct that
will be directeghtatdhérametathesisireastionpby eamnhOB compiisasminky 2huenacstgam 108 was

then combingdawith adecysie stieam L as sl ' ' rization reactor
114 where an tﬁgtuilibriufrpstg;g @%Oe to 1-bLtetne %ﬁ@ﬁggﬁgﬁ%ﬁ%ﬂaﬁiﬁﬁ%ﬁmﬁgﬁ%%ﬁfé?at 350 C).

The reaction product stream 116 contamed 1-bItsRE did - BUtRHE, WRIFWVEPELERST&2d in a
distillation tEWEMISTIREDEUSARE Strekaforaifitriee-Histeredhestitertioybrseaidiemnin 1@, which was
recycled bagk tbateeeisonmatioeiors siscto it 1stpdhtotogf stveant H20: containtgoetikutane distilled from
distillation tawee dh3aa0is MxeIWiH thenisrbutylene-containing top stream 106 from tower 104 and a
recycle stream 122 SER 4, Sleal A24 s e B AIEIAlsais reactor 126 where the

en

following metat esis r?a(]:%ons groceeded to equilibrium: isobutylene + “butene t; ethylene +

2-methyl-2-penteria TSOBUAIEAE™E [ESITHIEhE KPR ARSAELD 5o8IA SrifEa b AfREN bt fene +
1-butene to. ethyléRevs RRERERRA methqsdoraredastieffleldnmneDa-eostdine faR promteumreatted 1-butene
and 43% wt. unreéactedgisaitifytenecinitin® btp wineidredhyi2-peniene e Maweihylene, 6% wt.
2,3-dimethy1-2-butene, and 2% wt. 3-hexene. The reactor effluent stream 128 was sent to a distillation
column 130 where ethylene was removed a rodugct in top stream 132. The bottoms liquid stream
134 containing 03+ was%sﬁgﬁ}y}% %%ﬁg%ﬁfaet?gngc%lﬁﬁ%ry P1% e\%ﬁ'gerz)d%,r?%é%e#}éa%%d unreacted
isobutylene and 1- butene were removed in distillate stream 138, and bottoms stream 140 was a

“mixture of 2- meth\pEPirsshiesertaine P Bdiimeithysb@ted teamein, This bottom stream 140 was sent to a
distillation column 142 whete:tae- desietpropihctmtnetiydnd-pemiang was collected as a distillate
stream 144. The bottoms stream 146 contair}i_lp(g}lpylg_gjg,lﬁg1 g%—?g’gg%ﬁbyl—,%é%%ne was combined with

distillate stream 138 fronimdisl;(iéliggiglns cbcl)}ltlénmen_>1§6 t? form r(?ck/fcle stream 122, which became part of
stream 124 that was fed 6 The Metathesis réactor 126 "FRE ,§-ﬂﬁﬁ%ﬁ9§1-2-butene and 3- hexene in
this recycle stream inhibited the byproduct fonfiYysiReHEeaRIBr&caIFIDT FABESE the selectivity to the

desired products. Overall performance data, i.e. overall feed conversion and product selectivity of the
entire process fromirlebspieasss v lptistioamikddqB Figoduds shrwp.ondablel.below. Itis
o <ber asar AN, e BN islets s petiRInRace.oLapatiauRg (eactor or untt. n

this case reactor 126. "Overall" an er pass'’ performance (conversion in particular) can differ
depending on the XA eNISSF ?8‘&%&8 Ubaignte!ivdiriomin prbiegdsost rer uph & MsiAder of the
process to obtain FEOfTETEAEESHot simulated but illustrates the production of isoprene from stream
144, which corftaiffsephigisconcendtationnofiBzmet iy Be pebtaneifsiingicateshabaye, the pyrolysis
and separation presesgdte@signaebasdRndstiiBiasiean 144 s campinedith secycle stream
148 to form strearp 480, Which) 13,3 8rgifyl2:pentene fich stieam, Stredm 150 s fed to a thermal
cracking furnace 152 where it is converted to a range o?%yaro arboris, malnfi/ iSoprene, methane, and
isobutylene. The fEFNSEE EARIBNY SeRTT A B eent o g iER<hn AN EsdRne t38XrIfeRmethane and
light gases includingpCa iy tbeartiahssiresaeinoverdsasiel stiliaserstraam 0568 Botopstream 160
containing isoprenerand eyclegentadiatg/istediovensebibhyhamlidisheaieddakp0C, causing the

cyclopentadiene tqdimprizete dirvrerpriadiensEusRt Stiram 162 from vessel 161 is sent to
distillation colugnn g% \ygrgﬁrrgze%aggdroc rbons E'lre takt? overhead as stream 164. Diczclopentadiene
r

and C6+ hydrocarbons are Temoved from the OIGmA A Bt §PERITT 87 Thress optionally can
be separated furtfE?AHEESIERR A ¢ RS Bfie & dicsrRIbIEMtadiene in stream 167 while recycling the
remaining C6+ hydrocarbons in stream 148 to the cracking furnace 152, or the entire stream 165 can
be recycled as stream 148. Stream 164 containing isoprene is fed to an extractive distillation
vessel 166 where it is contacted with solvent from stream 169. Paraffins and mono-olefins leave the
vessel overhead as stream 168, while the solvent gnd extract stream 170 are fed to the solvent
stripping column 172. From this column, solvent stream 176 is recycled to the extractive distillation
vessel 166 as part of stream 169 or is fed to a solvent regeneration system (not shown). Stream 174
containing isoprene and C6 hydrocarbons is fed to a water washing column 178. Water stream 180
contacts the hydrocarbons and removes trace amounts of solvent as bottom stream 182. This stream

is sent to distillation column 184 where solvent is separated as stream 186 and recycled to extractive
dictillatinn vacecal 1TAA ac nart nf ctream 1ARAQ \WAatar ctream 120 ic recveled to eoliimn 179 The



Using the above-described pyrolysis and separation process, using a purified 2-methy1-2- pentene
feed to the thermal cracking furnace containing 96.7 wt 2-methyl-2-pentene and 1.8 wt %
2,3-methyl-2-butene, at least 60 kg of isoprene can be obtained for every 100 kg of C4 olefin feed.
Based on the C4 olefin content of the initial feed stream, 60 wt % of the feed is converted to isoprene,
<1 wt A of the feed is converted to propylene, and 25 wt A, of the feed is converted to ethylene. It
is noted that a variety of other separation processes can be used in place of the illustrated separation
process to obtain the iseprenaipeacugidlo, gepsraliHherd ackipnrtion pracessinvalvesadltiple

distillation column ' lydnc | xtracti n /rg ngtractiveu istillatign. Example 2
Production of Isop?ﬁéﬁ%%grgé é{;ﬁg’l %@rﬁ%}ém%ﬁ;ég—%ﬁ?@neg o‘{)téf’r’{‘éfé? I§§/ g Rﬁé‘%ﬁ{%&sis Reaction of -
& th&‘éanﬁ%i%eth With SRRt e RERRS 5P MR HE and 2-Butene to Produce

Isobutylene and 1-B{t&He,
Propylene Exémoresatitiiescairoee sy e Whittlegdieylairais rotuesdisaddistiesdormal butene
isomerization stepfanickcatatylmnelistillattoniet Examplesdparstielininatesbthusnsa\ingzash and
processing steps fiasdhadmadisatian RldcaelniaanRarene RS oiig R ersRmohrample 2

produces a valuabggspép J eaggofdg&t. Referring to Fig. 2, a process for producing isoprene from
butenes is desi%nated as 200. Fresh raffinate 1 in feed stream 202 containing 50% wt. isobutylene,
25% wt. 1-butetie, AT 3588 WA TR ER B RS HINE AN ITATEESR R SRRATR DB ARG 81% wt.
isobutylene, 9.5% Wiene ijatehete a8 BaothetpRdsatdhtiin b ratiial 4f B Kgaofaeaysitder each kg of
fresh feed. Thescombineck@csitybama20ey agtdisiiteddnvarsonwrntiasg distiljagiaretower 208 to

separate isobuylege:anihl:PE0E D 5 UAIRSHSHIAILNOM,2:byisqe in bottoms stream 212. The

distillate stream 2%0, $ontainin 1% wit. isobut¥lene and 19% wt. 1-butene, was sent to a metathesis

SRS st SIS LURIBRART OGRS Exibutene -41;

reactor 213 where'the TOROWING TeAcTions Broteaed:
ethylene + 2-methyl-Z558F@AY 8D RYTERE P8 SETNABAE RO e taditignd| mewthdsie-butene
1-butene + 1-butene #4=@tiethylene + 3-hexene The operating parameters of tower 208 controlled

the concentration of 2-butgneds thenfred to themsiathgsissactor 213. The quantity of 2-butene in the
overhead stream 210.was p (riqo eI%/ limited, bu(g since the towe di&'—}m contain catalyst as in Example

1, some 2-butene was pass((l-glJr VBl The majority bIEse 9 GRS NS TRIRASET8 tower 208 as
bottoms stream 212. "®2CiOPRESFIERME BPRRLRIERR FitREPReed to reactor 213 led to the equilibrium
reactions of 2-butanelnRTL imt@rienand ischatyieng chietenie mdathatenert.iprapytene + 2-pentene
typically removed and sent to fuel as LPG. In the integrated process described
herein, the isobutylene sent to LPG can be upgraded to higher value isoprene and
ethylene or propylene
= Unwanted side reactions in OCT involve the reaction of 1-butene with 2-butene to
produce propylene and 2-pentene. The 2-pentene byproduct from OCT can be
utilized as feed for the production of 2-methyl-2 pentene
= The overhead light gases (ethylene and or propylene) can be recovered in the OCT
fractionation train
e Integration allows the common use of regeneration and treatment facilities for the
process since the catalysis are similar
7. Recovery of 2-methyi-2-pentene from cracking effluent results in small volumes of
product, which would limit the production capacity for isoprene. Processes that are intended
to produce 2-methyl-2-pentene result in higher volumes and concentrations.
The process is particularly useful for mixed C, feed streams containing 5-50 wt % or 10-
30 wt % 1-butene, 5-50 wt % or 10-30 wt % 2-butene, 5-70 wt % or 10-60 wt % isobutylene and
0-25 wt % butane, based on 100 wt % of 1-buiene, 2-butene, isobutylene and butane. Small
quantities of butadiene, C3 compounds and C5 compounds may be present. In one embodiment,
the feed stream has 0.1-0.3 parts of butadiene, 0-1 parts of C3 compounds, and 0-1 parts C5
compounds based on 100 parts in the feed stream.



2-pentene + isobutylene to propylene + 2-methyl-2-pentene 2-butene + isobutylene .1-7 propylene +
2-methyl-2-butene 2-methyl-2-butene + 1-butene Z 2-methyl-2-pentene + propylene 2-pentene +
isobutylene Ir. propylene + 2-methyl-2-pentene The reactor effluent in stream 214 contained 57%
wt. unreacted isobutylene and 7% wt. unreacted 1-butene, which corresponded to a total feed
conversion of approximately 37% mol. per pass. The metathesis reactor effluent stream 214 also
contained 17% wt. 2-methyl-2- pentene, 9% wt. ethylene, 10% wt. 2,3-dimethy1-2-butene, and 0.5%

vvftf.I 3-hexene. Themmb&ﬂfse@m&@m@#ﬂmﬁ&@&@wQéaétwaﬁmﬁénflcf{]wi&té:asﬁﬁ%@légsma%tﬁth%is
effluent str 2 e am,218 was sent to a distillation colJumn, 220 where
ethylene kaéﬁag%é%ﬂgfyi r? gi}Stl |§?§§§§eﬁ° 2&2&5‘?%“ r?no%%edé)i%ﬁ\é}fjen {g r}e%%eﬁa%ev%asl "Tollected as
product in etRYERE &R XIS e L8t 2REPELGRCST0atHh 08, RS Wb HINERY (Rith %-
2-butenecohtAiPFBCBO OIS Veenrh 2 1sidfhihip stredinesl®) BtféaneDiz8shiiswietd tooavseeond
metathesis ceabtost2BtkdSthenn 228 bast panidan compostion 0ib66%ethylengrand.IM@dutene, a
2:1 ethyleneo-huitgna-Eatio T the aeeond RIAIbESISFeBEtat230, thR-NrINAIYIRaRIoN proceeded to
equiIibrium:p%@g@gg{e}d 02-bnuégrrmee4-3é?d ggodoé(leng + propylene The effluent in stream 216 from
reactor 230 containe fgg/o‘wt. éﬁgutene_( %?o mol. conversion), 32% wt. ethylene, and 50% propylene
product. Stream 21BWELWEh GiXEBPRRHStHIE T 2R G F8Pn teie Bfte T etiri it oadvitRficared above,
was fed to térendistihatidapolenner22GeT lveripkitnns Siresg 284 Kitnd @ie distitlatyon pohyame220 was
sent to a distibatien eebver 2 3yhaetaplapyltns-araduct was removed as distillate stream 238. The
propylene stream 238 represents a valuable olefin product compared to prior known processes in
which propylene is used as feed to produce Zér)paeth}g;Z-Bentene via dimerization. The bottoms
stream 240 from distillation column 236 was illation column tower 242, where the
isobutylene-rich CACSfrerarRsRRESYeitoret ot tftaehytreamtonmronh thel seligiesistrezatie 24 was
divided intoGeoigties starsird0dtetvi ok peagchixt Witheteadositessnn20 2jnanstanvoptionaligurge stream
2462| The b@gymsc@{)m?afmgfnqgéa%ea aﬂmgkaigﬁgt@gﬂ{@ﬁ%w&,w@aﬁ&@qr%%@Wé.—%:penten;
product an : 2.3=(ime -2- roduct. These two components, were separate
from each g)té}g?\éllrtl (ﬁﬁllﬁ%ﬁ ?vﬁé%%gg : %ﬂs}%‘f&%ﬁ’%&#@eﬁgm Fsa?%grﬁc;?/?a f}letop% éjtfEr?‘-f‘at?ni 2%2 and
2,3-dimethy £ 5538 R WES Te et S8 BERMS YaRERR Db SRATS At TR BUESIRRS STBrPBT 99.89%,
the major proaRias §iofh tiSPreiEdy WrRIETRONLY SROBYIentEadBns Wrdemetwyi-cpeattne, 20%
2,3-dimethyds2ibetaneaGes ethyeneicandiddbdexened to ishhryamainwesof therprreess to obtain

isoprene wagnot simidaied-autdipstiates anigressfosthenrogiction.of ispmenedromdhe
2-methyl-2-pentene in stream, 252, It isnoted that the multi-stage distillation %r?cess shown in Fig. 2
can be substituted by the extractive distllation process described in conmectonwith FIg ™!
Furthermor8“8iieP $78085 s S5 SRR THRER GhatB M WRYo S0t e REPabtRsh te div Bieaigstbd in place of
the processeeestiwinindrigiseractigrd Pe remoBtrehns282s Sromniisse divwithsrécyclerstiisaen 268 to form
stream 260a&iiteam2G6ietenido & hegmatcrackinghiniasepete whemdbisan\rIiedtna range of

hydrocarbops;ginhei5ARLRE. e Hanmaad isRuLYISRe IR dunacs, gffluent stream 264 is sent to a

distillation column 266, from which a methane distillate stream 268 is removed. In many cases, this
stream becomes the fuel required for process heat. The bottoms stream 270 is sent to a distillation
column 272. Crude isoprene distillate is removE&2E8# the column 272 in stream 274. The bottoms
stream 258 is retuRfreduditiveofusnpce &3 &hyimofretncaMe 2§02 -Pastéise@Badndistillate stream 274 is

fed to a distiltnmdmei2eh-BersstpdnR A MEBQVROMEslinlla e stiRa B A5 ankizoprene is

removed in bottoms stream 290. The hottams Wﬁ%@&%«?r@zg%g%q_go a distillation column 292. High
purity isoprene is removed as distillate stream 294 and 2-methy1-2- butene is removed in bottoms

stream 296. G HEH o) <is el €B BFaRFSH BrErslSH Brgrere iR mFe feed 88 e thermal
cracking furhdeedreiepasifiet! Zhnerasal 2rpeasseneusise amatahtainimer 96, TOMt o M metky-2- pentene
and 1.8 wt peRiSxmethyl Frbysanedakleasir@rlkeeed snpsenaicandaeraeitained for every 100 kg of 04
;)Igfin feed. Base?mﬁ??ﬁ%@|eﬁ_ns@egm%mép(gsééhfaamgada%%s%@%mﬁé gﬁ%q,\;%f {%ﬁtgﬂggai%c?r:jv?rted
0 isoprene W e feed is,conver 0 pro , and 7 wt % of the feed js converted to
ethyione. Tho ik af Re ne RS BB B s R ettt o
stream 1447°™ PRI ER ARV EoHERTMG te SatRbiinctRyetomninethis fRstHaheHiERDM of
distillation tovdeyis25Grizdtior aatsirsionton shedistiRBdncsintereedyclbivifostreainy B&G46othef metathesis
reactor 213 to inhibit the reaction of isobutylene with itself. However, this requires a larger purge of
isobutylene as it builds up in the C4 recycle loop. Buildup of isobutylene occurs as the conversion of
1-butene in the metathesis reactor increases to 90% mol. per pass, while overall reactor 04 conversion
drops to 10% mol. per pass. Because there are negligible increases in the desired product yields, this
is essentially a trade off between 2,3-dimethy1-2-butene for isobutylene in the purge streams 244 or
254 at the cost of a much higher recycle ratio. As the ratio of isobutylene to 1-butene in the fresh feed
approaches 1:1 (rather than 2:1 in this example), recycling stream 254 to reactor 213 becomes more

beneficial. While it is unlikely that this alternative would be used with the feed composition exemplified
harain it mav 1icafiil with nther feed comnaocitinne crich ac a feed containina a 11 ratin nof icohiitviene



Example 3 Production of Isoprene and Propylene from 2-Methyl-2-Pentene Obtained By Metathesis of
2-Butene and Ethylene Followed by Metathesis of Isobutylene and 1-Butene Example 3 is a
variation of the configuration used in Example 2. While Example 2 utilized a metathesis reactor for the
synthesis of 2-methyl-2-pentene from isobutylene and 1- butene in "parallel" to a metathesis reactor
producing propylene from 2-butene and ethylene, Example 3 arranged these processes in "series."”
The overall process of Example 3 is shown in Fig. 3 and is designated as 300. Fresh raffinate 1 in

stream 302 :Haiging K% wtiHsabelyhans, 29%aM. InaHteNReMtL2BW WindBuieN @ Was mixed with
einylene SURAMA 46 49 1OKIRIRSA PUSAT 200l R ERNDATIERRAAIDIFRAD ) 3.9 seydle 02in

stream 304 was 2 Stream 306 was fed to a metatheS|s reactor 308 in whic € primary reaction

proceeded {0 é'?ﬁ?fjbsr?ﬁ}ﬁy“aélﬁﬂgﬂté‘:t iR ENE S dphEice tbep?b%tﬁgﬁg‘ FP%OH%ffée&%%i’tbeeﬁ?esence of
ethylene iniRiSHed thad vdlRaidregireithier rseBtistsTeastor-bteermniih sesepfisasdieinin@rbyienther
isobutyleneswerid-bitene wih reaciwithvigthylenele dreaeactoecttaent1steantBiltscantaingd 2% wt.

2-butene, 3%&%\!&&%4@9&02?% Whel2ORW y}RiGri kR %-Wieds Didtang @R 174,44 REQRYIRAE Product.
The reactor effluenti§t 3103%§Q?309ta|ned 4% wit. 2- m%tg%- -Ee tene 6% Wt.

2-methyl-2- i)uf)ene % vvt ente 865?801' " péoccjf %ﬁ%n%nd B”W Wi, d32 hexene from
the reactlor%"éf‘?s&ﬁ[ﬂyl’é%@ S&tﬁa" altﬁﬁu%é"rfé“”at‘on'f‘%eféé%tai“%ﬁﬂﬁéﬁﬁﬁf@%ﬁ?%@f\)@agﬁﬂi@é‘é with a
recycle stream Bt2acgritastazg priladtiyhetly|enec(@i 4¥enh )this sbutylestier Ydigont.) andelidputene (8%
wt.) to formsstseam 2l bostiealm Shdunasdende distllationtoweansd6 aadyuasfactionatedsto form a

top sirear RBALGANIEINNG SNSRI SN el uasreeycled o e maiesiqpactor 308

stream 304 for propylene production. T 10% was collected as ethylene p?oauct in stream 320.

The bottom&'&F&atd 33358 d?sﬁll%‘ﬁﬁﬁ’f‘%ﬂfufﬁ?lcf?ié%eoﬁ’fé‘?ﬁeﬁ‘ié‘w\?(}?gp%‘@r@ﬁ@ A vas
collected a@RGRIRMtRsAiIEHWHeam 324 from distillation column 326. The propylene is a valuable
olefin product. The bottomsprashact fromedistiltatiomeolonmpr326-fstieasn 328), containing 72% wt.

sobutylene, 15% . 1-Diia06iA0d 8t BuRnEDIVS O3 elefins,afed to a metathesis reactor

330 where the following reglqtlon§ pEogeed;tgtﬁgeum m |sobutylene + 1-butene 4.2-7 ethylene +

2-methyl-2-pentene |sobut lene + 2 en ene p Iene ¥ -methyl -2-pentene isobutylene +

|sobutyleneethyleﬂ@e#%a%t‘iﬂlﬁqu f B?ﬁ@ﬁl?@ Lftéﬁe”#‘iaﬁﬁ?eh@’@ﬂl’ﬁ/@ﬁéiyﬁvﬁe%ﬁ%cted The
reactor efflisntiireamvB32BontaihedB0%nettensrclictet idobetyléie wind 5% mathiaredeted 1-butene,
18% wt. 2-raethayl-2tpenieae. 109kt sBrain eyt 2sbulgnent b avis@tiglensuda wtwrsapylene, and

3% wt. 2-mefhyle- taageresoﬂa%g%aﬁ&r & M@E‘%&f&ﬁ%?3%&‘%%&%%&9&%%3%‘%%%

2-methyl-2- -pentene and 2 &% gll Ler -2- b%'% ﬁt Q{arate t in the bottoms stream 336 The
ethylene, prozby\/“f%%%e%zﬁf AR CLLHAE LBnetEs a%s SRS S HARRTS3E DN FO& IR d in stream
312 to towet“B 16 WRErESR{Pvisr SitiiRtfe Pleaarkid oras prEvisUSKEaTsdARSEts A SiaIPirde from
stream 335rstivindrast8870n EifdiBeibyhetessaryTtds resnovestsnmpit@iiias fsom the sigglemnfrom

building up ciber1aeindr tReateRes anchdsBzcinamty berbrdans fé&t@bt@@égogtemis@iéq,\fv@m34 in
stream 336M«?rerr%eﬁéﬁ%éuwé%sﬂ%%% QH Ha ‘t%)e’% &"&81 M?%%WE guilRtL-2 o %%ed" Jroduct was

removed as a distillate in stream 340 -dimethy1-2- butené was remove ottoms stream
342, distiliate stream 138 from dlstﬂiatson co’lumn 136 to form recycle stream 122, which became part

of stream 124 that was fed to the metathesis reactor 126. The 2,3-dimethyl-2-butene and 3-
hexene in this recycie stream inhibited the byproduct forming side reactions and promoted the
selectivity 1o the desired products. Qverall performance data, i.e. overall feed conversion and
product selectivity of the entire process from inlet stream 102 to outiét stream 144 on Fig. 1, is
shown on Table 1 below. It is noted that “per pass” selectivity or conversion refers the
performance of a particular reactor or unit, in this case reactor 126. “Overall” and “per pass’
performance (conversion in particular) can differ depending on the arrangement of recycle
streams inside the process.}

The remainder of the process to obtain isoprene was not simulated but illustrates the
production of isoprene from stream 144, which contains a high conceniration of 2-methyl-2-

pentene. As indicated above, the pyrolysis and separation process is designated as 103,



The remainder of the process to obtain isoprene was not simulated but illustrates the production of
isoprene from stream 340, which contains a high concentration of 2-methy1-2- pentene. The
2-methyl-2-pentene stream 340 undergoes pyrolysis at 344. The cracked stream 346 is subjected to a
separation process at 348 to isolate isoprene at a desired purity level. Typically the separation process
involves multistage distillation for the removal of lighter materials, for example methane and lights C4s,
in one or more separate streams, shown as 350 in Fig. 3, and heavier by-products in stream 352 in
order to progigifza mmemmmmr%ae@m AR éhsa%ew@féoﬂumystééma@%ﬁl?ep ganbe used,
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The isoprene and Cs hydrocarbon stream 181 leaves water washing column 178 as

distillate and is fed to distiflation column 188. Alkynes stream 190 is separated as distillate in
distillation column 188, and bottoms stream 192 containing isoprene is fed to distillation column
194. Isoprene product stream 196 is collected as distillate and bottom stream 198 containing
piperylenes is taken from the column bottom.

Using the above-described pyrolysis and separation process, using a purified 2-methyl-2-
pentene feed to the thermal cracking furnace containing 96.7 wt % 2-methyl-2-pentene and 1.8 wt
% 2,3-methyi-2-butene, at least 60 kg of isoprene can be obtained for every 100 kg of C, olefin
feed. Based on the C, olefin content of the initial feed stream, 60 wt % of the feed is converted 1o
isoprene, <1 wt % of the feed is converted to propylene, and 25 wt % of the feed is converied to
ethylene,

it is noted that a variety of other separation processes can be used in place of the
ilustrated separation process to obtain the isoprene product. In general, the fractionation
process involves multiple distillation columns and optionally include solvent extraction and/or

extractive distillation.



2-pentene + isobutylene4=-. propylene + 2-methyl-2-pentene 2-pentene + isobutylene4-70. 1-butene +
2-methy1-2-butene isobutylene + isobutylene4-7'. ethylene + 2,3-methyl-2-butene 2-pentene +
2-pentene 2-butene + 3-hexene 2-methyl-2-butene + isobutylene IT. propylene + 2,3-methyl-2-butene
2-methyl-2-butene + 2-pentene -174 2-methyl-2-pentene + 2-butene The effluent stream 424 from
the metathesis reactor 422 contained 42% wt. unreacted isobutylene, 9% wt. 2-methyl-2-pentene, 7%
wt. 2-methyl-2-butene, 37% wt. 2,3-dimethy1-2- butene, 2% wt. propylene, and 1% wt. ethylene. The
reactor effluent stream 416 and the reactor effluent stream 424 were combined to form stream 426,
which was fed to a distillation column 428. Propylene and ethylene were removed from the distillation
column 428 in a distillate stream 430, and the bottoms stream 432 contained the C4s, 065 and C6
olefins. The bottoms stream 432 was fed to a EXER¥A column 434 in which the unreacted 04'5 are
removed as a disfitkftectne ahisessananthBrads emilo@e dVietb wiehfentehinCibieibedt8is stream 438. The
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2-methyl-2-pentene contgpt ofisteambddfene = HRIESYIS @&&Qﬁflfg_%%i,ggulations are summarized in
Table 1 below in terms o{ gvterale lar feed %opversion, weight selectivity and yield to the desired
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shown. Table 1 é’ﬁamwgtinggam%&@ of tower 208 conirolied the concentration of 2-butene in the
- feed to the metathesis reactor 213. The guantity of 2-butene in the gverhead stream 210 was

purposely limited, but since the tower did not contain catalyst as in Example 1, some 2-butene
was passed overhead. The majority of the 2-butene was removed from tower 208 as botioms
stream 212.
The presence of 2-butene in the feed to reactor 213 led to the eguilibrium reactions of 2-
butene with 1-butene and isobutylene:
2-butene + 1-butene ¥ propylene + 2-pentene
2-pentene + isobutyiene %= propylene + 2-methyl-2-pentene
2-butene + isobutylene I propylene + 2-methyl-2-butene
2-methyl-2-butene + 1-butene = 2-methyl-2-pentene +
propylene
2-pentene + isobutylene 3 prapylens + 2-methyl-2-pentene
The reactor effluent in stream 214 contained 57% wt. unreacted isobutylene and 7% wt.
unreacted 1-butene, which corresponded to a total feed conversion of approximately 37% mol.

per pass. The metfathesis reactor effiuent stream 214 aiso contained 17% wt. 2-methyl-2-
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Example 3 Example 4 Fresh Feed Composition (wt. %) Isobutylene 50% 50% 50% 50% 1-butene
25% 25%

pentena, 9% wt. ethylene, 10% wt. 2.3-dimethyi-2-butene, and 0.5% wt 3-hexene. The
metathesis reactor effiuent stream 214 was combined with 2 second metathesis effluent stream
216 to form stream 218. Stream 218 was sent to a distillation column 220 where ethylene was
taken overhead in distillate stream 222, Part of the distillate stream 222 was collected as product
in ethylene stream 224 while the rest, in recycle stream 226, was combined with 2-butens-
containing bottoms stream 212, forming stream 228. Stream 228 was fed to a second metathesis
reactor 230. Stream 228 had a molar composition of 66% ethylene énd 33% 2-butene, a 2:1
ethylene-to-butene ratio. in the second metathesis reactor 230, the primary reaction proceeded to
equilibrium:

' ethylene + 2-butene 5 propylene + propylene

The effluent in stream 216 from reactor 230 contained 16% wt. 2-butene (87% mol.
conversion), 32% wt. ethylene, and 50% propylene product. Stream 216 was combined with
stream 214 to form stream 218, which, as indicated above, was fed to the distillation column 220.
The bottoms stream 234 from the distillation column 220 was sent to a distillation column 236
where propylene product was removed as distillate stream 238. The propylene stream 238
represents a valuable olefin product compared fo prior known processes in which propylene is
used as feed to produce 2-methyl-2-pentene via dimerization.

The bottoms stream 240 from distillation column 236 was sent to a distillation cotumn
tower 242, where the isobutylene-rich C, stream was removed as distifiate stream 244, The
distiltate stream 244 was divided into recycle stream 204, which was mixed with feed stream 202,
and an optionat purge stream 246. The bottoms siream 248 from tower 242 contained 62% wt. of
the desired 2-methyi-2-pentene product and 19 wt. % of 2,3-dimethyi-2-butene byproduct. These
two components were separated from each other in distillation tower 250. 2-methyl-2-pentene
was removed in top stream 252 and 2,3-dimethyl-2-butene was removed in botioms stream 254.
With a total feed conversion of 99.89%, the major products from the process were 37% wt.
propylene, 35% wt. 2-methyl-2-pentene, 20% 2,3-dimethyl-2-butene, 6% ethylene, and 1% 3-
haxene.

The remainder of the process to obtain isoprene was not simulated but Hlustrates a
process for the production of isoprene from the 2-methyi-2-pentene in stream 252. 1t is noted that
the multi-stage distillation process shown in Fig. 2 can be substituted by the extractive distillation

' process described in connection with Fig. 1. Furthermore, other processes involving fractionation
with or without extraction can be used in place of the processes shown in Figs. 1 and 2.

Stream 252 is combined with recycle stream 258 to form stream 260. Stream 260 is sent
to a thermal cracking furnace 262 where it is converted to a range of hydrocarbons, mainly
iscprene, methane and isobutylene. The furnace effluent siream 264 is sent to a distillation
column 266, from which a methane distillate stream 268 is removed. In many cases, this stream

becomes the fuel required for process heat. The bottoms stream 270 is sent to a distillation
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25% 25% 2-butene 25% 25% 25% 25%  Overall Feed Conversion (mol. %) 100.00% 99.89%

column 272. Crude isoprene distillate is removed from the column 272 in stream 274. The
bottoms stream 258 is retumed to the furnace 262 as part of stream 260. The isoprene distillate
stream 274 is fed to a distillation tower 286. 2-methyi-1-butene is removed in distiliate stream
288 and isoprene [s removed in bottoms siream 290. The bottoms stream 290 is fed to a
distillation column 292. High purity isoprene is removed as distillate stream 294 and 2-methyl-2-
butene is removed in bottoms stream 296.

Using the pyrolysis and separation process of Fig. 2, when the fead to the thermal
cracking furnace is a purified 2-methyl-2-pentene stream containing 96.7 wt % 2-methyi-2-
pertene and 1.8 wt % 2,3-methyl-2-butene, at least 28 kg of isoprene can be obtained for every
100 kg of C, olefin feed. Based on the C, clefin content of the initial feed stream, 28 wt % of the
feed is converted to isoprene, 37 wt % of the feed is converied to propylene, and 7 wt % of the
feed is converted to ethylene. The actual isoprene yield is 50-65 wt. % based on the 2-methyi-2-
pentene content of stream 144,

As an alternative to collecting the 2,3-dimethyl-2-butene from the bottom of distillation
tower 250, all or a portion of stream 254 can be recycled in stream 256 to the metathesis reactor
213 to inhibit the reaction of isobutylene with itself. However, this requires a larger purge of
isobutylene as it builds up in the C. recycle loop. Buildup of isobutylene occurs as the conversion
of 1-butene in the metathesis reactor increases to 90% mol. per pass, while overall reactor C,
conversion drops to 10% mol. per pass. Because there are negligible increases in the desired
product yields, this is essentially a trade off between 2,3-dimethyl-2-butene for isobutylene in the
purge streams 244 or 254 at the cost of a much higher recycle ratio. As the ratic of isobutyiene to
1-butene in the fresh feed approaches 1:1 (rather thar 2:1 in this example), recycling stream 254
to reactor 213 becomes more beneficial. While it is unlikely that this alternative would be used
with the feed composition exemplified herein, it may useful with other feed compositions, such as
a feed containing a 1:1 ratio of iscbutylene to 1-butene, because this recycle stream would

improve selectivity to 2-methyi-2-pentene.

Example 3
Production of Isoprene and Propylene from 2-Methyl-2-Pentene Obtained By Metathesis of

2-Butene and Ethylene Followed by Metathesis of Isobutylene and 1-Butene

Example 3 is a variation of the configuration used in Example 2. While Example 2
utilized a metathesis reactor for the synthesis of 2-methyl-2-pentene from isobutylene and 1-
butene in “parallel” to a metathesis reactor producing propyiene from 2-butene and ethylene,
Example 3 arranged these processes in “series.”

The overall process of Example 3 is shown in Fig. 3 and is designated as 300. Fresh
raffinate | in stream 302 containing 50% wi. isobutylene, 25% wi. 1-butene, and 25% wt. 2-butene
was mixed with ethylene stream 304 to form feed stream 306. The ratio of fresh C, in stream 302
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99.94% 63.01%  2M2P Selectivity (wt. %) 74.83% 34.97% 35.13% 58.04% 2M2P Yield (wt. A)
74.83% 34.93%

to recycie C; In stream 304 was 2.0. Stream 306 was fed to a metathesis reactor 308 in which
the primary reaction proceeded to equilibrium:
ethylene + 2-butene % propylene + propyiene

It is noted that the presence of ethylene inhibited the reaction of either isobutylene or 1-butene
with itself and further, neither isobutylene nor 1-butene will react with ethylene. The reactor
effluent stream 310 contained 2% wt. 2-butene, 32% wt. ethylene, 27% wt. isobutylene, 12% wt.
1-butene, and 19% wt. propylene product. The reactor effluent stream 310 also contained 4% wit.
2-methyl-2-pentene, 1.6% wt. 2-methyl-2-butens, 1.4% wi. 2-pentene, 0.6% wt. 2,3-dimethyl-2-
butene, and 0.5% wt. 3-hexene from the reactions of isobutylene and 1-butene.

The reactor effluent stream 310 was mixed with a recycle stream 312 containing primarily
ethylene (9.4% wt.}, isobutylene (71% wt.) and 1-butene (8% wt.) to form stream 314. Stream
314 was fed to distillation tower 316 and was fractionated to form a top stream 318 containing
ethylene, about 90% of which was recycled to the metathesis reactor 308 in stream 304 for
propylene production. The other 10% was coilected as ethylene product in stream 320. The
botioms stream 322 from distillation column 316 contained 16% wt. propylene, which was
collected as a distillate in top stream 324 from distillation column 326. The propylene is a valuable
olefin product. The bottoms product from distillation column 326 (stream 328), containing 72% wt.
isobutylene, 15% wit. 1-bu{ene, and 13% wt. 2-butene plus Cs+ olefins was fed to a metathesis
reactor 330 where the following reactions proceed to equilibrium:

isobutylene + 1-buiene I ethylene + 2-methyl-2-pentene
iscbutylene + 2-pentene 5 propylene + 2-methyi-2-pentene
isobutylene + isobutylene & ethylene + 2,3-dimethyl-2-butene
1-butene + 1-butene & sthylene + 3-hexene

The reactor effluent stream 332 contained 50% wt. unreacted isobutylene and 6% wt.
unreactec 1-butene, 18% wt. 2-methyi-2-pentene, 10% wt. 2,3-dimethyl-2-butene, 7% wt.
ethylene, 4% wt. propylene, and 3% wt. 2-methyl-2-butene. The reactor effluent stream 332 was
sent to tower 334 where 2-methyl-2-pentene and 2,3-dimethyl-2-butene were separated out in the
bottoms stream 336. The ethylene, propylene, C4's, and Cg's were collected as distillate in stream
335 and recycled in stream 312 to tower 316 where they were further separated as previously
discussed. A small purge from stream 335, shown as 337 on Fig. 3, is necessary to remove any
parafiin from the system from building up. The 2-methyl-2-pentene and 2,3-dimethyl-2-butene
from the bottom of tower 334 in stream 336 were sent for further separation in tower 338, where
the 2-methyl-2-pentene product was removed as a distiliate in stream 340 and 2,3-dimethyl-2-
butene was removed as bottoms stream 342.

The remainder of the process to obtain isoprene was not simulated but llustrates the
production of isoprene from stream 340, which confains 2 high concentration of 2-methyl-2-

pentene. The 2-methyl-2-pentene stream 340 undergoes pyrolysis at 344. The cracked stream
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35.11% 36.54% ,  C3 Selectivity (wt. %) 0.04% 37.15% 37.39% 32.63% C3 Yield (wt. A) 0.04%
37.11%

346 is subjected to a separation process at 348 to isoiate isoprene at a desired purity level.
Typically the separation process involves multistage distillation for the removal of lighter
materials, for example methane and lights Cys, in one or more separate streams, shown as 350
in Fig. 3, and heavier by-products in stream 352 in order o provide an isoprene product stream
354 of the desired purity. Extraction also can be used, either as part of an extractive distillation
process or as & separate step. The pyrolysis and separation processes described in Examples 1
and 2 are suitable, as well as other processes that will achieve the desired purity of the isoprene
product stream. The actual isoprene yield is 50-65 wt. % based on the 2-methyl-2-pentene
content of stream 144.

It is noted that although Examples 2 and 3 were similar in overall product composition,
Exampte 3 required one fewer distillation towers than Example 2 because there was no
separation of isobutylene from 2-butene and 1-butene before entering the first reactor. in both of
these cases, a small purge stream was required to balance compositions as well a remove any

small amounts of paraffins that entered with the fresh feeds.

Example 4
Production of Isoprene and Propylene from 2-Methyl-2-Pentene Obtained By

Metathesis of Isobutylene and 2-Pentene
The overall process of Example 4 is shown in Fig. 4 and is generally designated as 400.
Fresh raffinaie | in stream 402 containing 50% wt. isobutylene, 25% wt. 1-butene, and 25% wi, 2-
butene was mixed with a recycle stream 404 containing 68% isobutylene, 2% wt. 1-butene and
30% wt. 2-butene to form feed stream 406. The ratio of recycle feed in stream 404 to fresh feed
in stream 402 is 2.1. Stream 406 was fed to a distillation tower 408 where isobutylene was
removed as a distillate in stream 410. This tower differs from previous cases in that the overhead
product is relatively pure isobuiylene and the majority of the normal butenes are taken as bottoms
product. The n-butenes bottom stream 412 comprising butene-1 and butene-2 was sent to a
metathesis reacior 414 where the following metathesis reactions proceeded to equitibrium:
1-butene + 2-butene = propylene + Z-pentene
1-butene + 1-butene 5 ethylene + 3-hexene
ethylene + 2-butene = propylene + propylene
The reactor 414 effluent stream 416 contained 67% wt. unreacted 2-butene and 2% wi
unreacted t-butene, 18% wi. Z-penteng, 11% wt. propylene, and 1% wi, 3-hexene.
The isobutylene distillate in stream 410 from tower 408 was combined with a recycle
stream 418 containing 2-pentene and 2-methyl-2-butene to form a feed stream 420, which was
fed to a second metathesis reactor 422. The feed stream 420 also contained 37% wt 2.3-

dimethyl-2-butene recycled from the distiliation sequence {described below) as part of stream 418
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37.37% 20.54%  C2 Selectivity (wt. %) 24.97% 6.48% 6.33% 8.81% C2 Yield (wt. A) 24.97% 6.48%

in order to inhibit the reaction of isobutylene with itself. The following reactions proceeded to
equilibrium in the metathesis reactor 422;

2-pentene + isobutylene = propylene + 2-methyl-2-pentene

2-pentene + isobutylene = 1-buiene + 2-methyl-2-butene

isobutylene + isobutylene < ethylene + 2,3-methyl-2-butene

Z-pentene + 2-pentene 5 2-butene + 3-hexene

2-methyl-Z-butene + isobutylene 5 propylene + 2,3-methyi-2-buiene

2-methyl-2-butene + 2-pentene = 2-methyl-2-pentene + 2-butene

The effiuent stream 424 from the metathesis reactor 422 contained 42% wi. unreacted
isobutylene, 2% wt. 2-methyl-2-pentene, 7% wt. 2-methyl-2-butene, 37% wt. 2,3-dimethyl-2-
butene, 2% wt. propylene, and 1% wt. ethylene. The reactor effluent stream 416 and the reactor
effluent siream 424 were combined to form stream 426, which was fed to a distillation column
428. Propyiene and ethyiene were removed from the distillation column 428 in a distillate stream
430, and the bottoms stream 432 contained the C.s, Css and Cg olefins. The bottoms stream 432
was fed to a distillation column 434 in which the unreacted C,'s are removed as a distillate stream
436 and the Cs's and Cg's are removed in the bottoms stream 438. The distillate stream 436 was
separated into a purge stream 440 and a recycle stream 404, which is combined with fresh feed
in stream 402. The botioms stream 438 was fed to a distillation column 442 in which 2-pentene
and 2-methyl-2-butene were removed in a distillate stream 444 and the branched Cg's were
removed in a bottoms stream 446. The botioms stream 446 was fed to a distillation column 448
in which 2-methyl-2-pentene was removed in a distillaie stream 450 and 2,3-dimethyl-2-butene
was removed in a bottoms stream 452 and combined with stream 444 o form recycle stream
418. Recycle stream 418 containing 2,3-dimethyl-2-butene was combined with stream 410 and
fed o the second metathesis reactor 422 in order to inhibit the reaction of isobutylene with itself.
The remainder of the process fo obtain isoprene was not simulated but iHlustrates the

production of isoprene from stream 450, which contains a high conceniration of 2-methyl-2-
pentene. The Z-methyl-2-pentene siream 450 undergoes pyrolysis at 454. The cracked stream
456 is subjected to a separation process at 458 to isolate isoprene at a desired purity level.
Typically the separation process involves multistage distillation for the removal of lighter
materials, for example methane and lights C,s, in one or more separate streams shown as 460
Fig. 4, and heavier by-products in stream 462 in order to provide an isoprene product stream 464
of the desired purity. Extraction aiso can be used, either as part of an extractive distillation
process or as a separate step. The pyrotysis and separation processes described in Examples 1
and 2 are suitable, as well as other processes that will achieve the desired purity of the isoprene
product stream. The actual isoprene yield is 50-65 wt. % based on the 2-methyl-2-pentene
content of stream 144.
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6.32% 5.55%  Overall 2M2P+C3+C2 Product Selectivity 99.84% 78.6% 78.85% 99.48% The
process of Example 1 is particularly useful when no propylene product is desired and the quantity of
2-methyl-2-pentene (for isoprene) from a given quantity of C4 olefins is to be maximized. The process
of Example 2 is advantageous when the quantity of C olefins is in excess of the quantity required to
produce the desired 2-methyl-2-pentene (for isoprene). Thus valuable propylene is produced as a
co-product. The Example 3 process is a variation of case 2 with a different fractionation/reaction

sequence The ameyis.afash RIGGL aRIANRO IR cANAYAISD dbB [Splis ol Gyample 2 1L is

noted that ExamPIe 3 is useful for a wide variety of C4 feed comgosmons The process of Example 4

illustrates a'ProLESSiRY BT ORNRNRE RS IHtL ARG ARR Ao IPE SR ERsh d?%ahzf?ﬂwrﬁdﬂgntene and
propylene is eV IF IR S Eed OhBERRS TC CEPRYIANE rORIRtHSH elpéHiPetenarios. It will be
appreciated that various of the above-disclosed and other features and functions, or alternatives
thereof, may be desirably combined into many other different systems or applications. Also that
various presently unforeseen or unanticipated alternatives, modifications, variations or improvements
therein may be subsequently made by those skilled in the art which are also intended to be
encompassed by the following claims.
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What is claimed is: 1. A process comprising:

reacting a mixed metathesis feed stream comprising

isobutylene and 2-pentene in a first metathesis reactor in the presence of a first metathesis catalyst
under conditions sufficient to produce an intermediate product stream comprising 2-methy1-2-

pentene, ethylene and propylene, separating the 2-methyl-2-pentene,

subjecting the separated

2-methyl-2-pentene to pyrolysis to produce a reaction product stream comprising isoprene, and _
separating the isoprene into an isoprene product stream using fractionation. 2. The process of claim

1, wherein the isobutylene for the first metathesis fe.F%
late and a Soﬁ

stgeam is obtained by separating a mixed 04

feed stream_to_obtain.an_isobutylene disti oms stream comprising 1-butene and
2-butene. 3. The process of claim 2, wherein the actual yield of 2-methyl-2-pentene prior;to pyrolysis
is 30-70 wt % based upon the Cy olefin cobtemié freskxteade 2. TEeapiplecss| af:claipn:2, further
comprising [FerREHFIINE HPTRAME, SHES T a Second netathests Teactor to-form 2=pentene and
propylene. 5: Tlg'b%d?rpécgss ot-claim-4-furthercomprising SeRAFA ng-the 2 n(;rtene_andgr:ecycling the
2-pentene to.the mized metathesis feed stream. 6. The process| of claim @,\?vherein fiedctual yield of
2-methyl-2-pentdETE at least 40 wt % based upBtithe Cy ctéHn content 88Fresh feed5% | The process
of claim 1, whekdintehe first metathesis reactor casitains a fixgibed catalyst 8. The pmeeéss of claim
1, wherein separating the isoprene inciudes a combination of fractiomation-and-extraction

Overall Feed Conversion (mok. %) 100.00% 09.88% 99.94% 63.01%

2M2P Selectivity (wt. %) 74.83% 34.97% 35.13% 58.04%

2M2P Yield (wt. %) 74.83% 34.93% 35.11% 36.54%

C; Selectivity (wt. %) 0.04% 37.15% 37.39% 32.63%

C; Yield (wt. %) 0.04% 37.11% 37.37% 20.54%

C, Selectivity {wt. %) 24.97% 6.48% 6.33% 8.81%

C, Yield (wi. %) 24.97% 6.48% 6.32% 5.55%

Overall 2M2P+C4+C,

Product Selectivity 99.84% 78.6% 78.85% 99.48%

The process of Example 1 is particularly useful when no propylene product is desired and

the quantity of 2-methyl-2-pentene (for isoprene) from a given quantity of C. olefins is to be

maximized. The process of Example 2 is advantageous when the quantity of C olefins is in

excess of the quantity required to produce the desired 2-methyi-2-pentene (for isoprene). Thus

valuable propylene is produced as a co-product. The Example 3 process is a variation of case 2

with a different fractionation/reaction sequence.

The amounts of each product obtained are

comparable to the results of Example 2. [t is noted that Example 3 is useful for a wide variety of

C, feed compositions.

The process of Example 4 illustrates a processing sequence where

intermediate production of both 2-methyl-2-pentene and propylene is desired. The sequence

may fit certain production capacity scenarios.

It will be appreciated that various of the above-disclosed and other features and

functions, or alternatives thereof, may be desirably combined into many other different systems or

applications. Also that various presently unforeseen or unanticipated aiternatives, modfications,

variations or improvements therein may be subsequently made by those skilled in the art which

are also intended to be encompassed by the foliowing claims.
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9. The process of claim 1, wherein the isoprene is separated using extractive distillation. 10. A
process comprising: reacting a mixed metathesis feed stream comprising isobutylene and
2-pentene in the presence of a first metathesis catalyst under conditions sufficient to produce an
intermediate product stream comprising propylene, 2-methyl-2-pentene, ethylene, 2,3-
dimethyl-2-amgnefe<-hutene,  separating the intermediate product stream in a multi-stage
fractionation process to form a 2-methyl-2-pentene stream, a distillate stream containing ethylene and
propylene, and a 2,3-dimethy1-2-butene stream, subjecting the separated 2-methyl-2-pentene
stream to pyrdlysisctsprodipesiagreaction product stream comprising isoprene, and separating the

isoprene into an isQRreR Ising, fractionation.. 11. The process of claim 10, wherein the
isobutylene that is reactgdé)v@t%gg}ro%&gt@r%%g ) téﬁ%%@ofpﬁh%%ﬁﬁa ‘gy}ﬁ%ﬁ‘éiﬁﬁ%ﬁeam to

obtain an isBRITRAE GERS AP bR tREarh TorpTietat dsisutelaysindi@butene. 12. The

process of darniitbis kuffidsrcamposing eendeaiag amebing s deAtionRtheoupms,stream
comprising E!ép%ﬁ@eef?\q@fé ng&%é Eg%[em the 2-pentene for the mixed metathesis feéd stream. 13.
The process of claim 11, further'comprisihg reacting the bottoms stream in a second metathesis

reactor to form 2-FEREAGAMEFONlIaiE-reateDRe process of claim 11, wherein the actual yield of

2-methyl-2-pentengpiEeine Ry kysis s30Tt 96, based : fip.content of fresh feed.
15. The proges, 8fs%,lgérnq 101 wherei’p the actug:iVl yi(-eofd of 2&%@# -;:)Qe%%ﬁog?féc ea'? ﬁe%géﬁ 20 wt % based
PR SR e SR ET S e, 41

Sy : . .. .
upon the 0 n con res e process of claim 10, wherein isoprene is separated

using extractive dREARIGENT 19 Istmesproités srofsolaenal Srodherein sepaisd nadhshigearene includes a
combination of fractionation and extraction. 18. The process of claim 10, further comprising recycling

the 2,3-dim3tq¥]1-2-buten s}reaqw to the mixed metathesis feed stream.
- I'ne process of claim 1, wherein the isobutyiene for the first metathesis feed streamis

obtained by separating a mixed C, faed stream to obtain an isobutylene distillate and a
bottoms stream comprising 1-butene and 2-butene.

3. The process of claim 2, wherein the actual yield of 2-methyl-2-pentene prior to
pyrolysis-is 30-7C wt % based upon the C, oiefin content of fresh feed.

4. The process of claim 2, further comprising reacting the bottoms siream in 2 second

metathesis reactor to form 2-pentene and propylene.

5. The process of claim 4, further comprising separating the 2-pentene and recyciing the
2-pentene to the mixed meatathesis feed stream. '

€. The process of claim 2, wherein fhe actual yield of 2-methyl-2-pentene is at least 40
wt % based upon the C, olefin content of fresh feed.

7. The process of claim 1, where_in the first metathesis reactor contains 2 fixed bed
catalyst. '

8. The process of claim 1, wherein separaiing the isoprene includes a combination of
fractionation and exiraction.

8. The process of claim 1, wherein the isoprene is separated using extractive distillation.

18



10. A process comprising:

reacting a mixed metathesis feed stream comprising isobutyiene and 2-peniens
in the presence of a first metathesis calalyst under conditions sufficient to produce an
intermediate product stream comprising propylene, 2-methyl-2-pentene, ethyiene, 2,3-
dimethyi-2-butena and 2-butene,

sebarating the intermediate product stream in a multi-stage fractionation process
to form a 2-methyl-2-pentene stream, a distillate stream containing ethylene and
propylene, and a 2,3-dimethyl-2-butene stream,

subjecting the separated 2-mathyl-2-pentene stream fc pyrolysis to produce a
reaction product siream comprising isoprene, and

separating the isoprene into an isoprene product stream using fraciionation.

11.. The process of claim 10, wherein the isobutylene that is reacted with 2-pentene is
obtained by fractionating a mixed C, feed stream io obtain an isobutyiene distiliate and a

bottoms stream comprising 1-butene and 2-butene.

12. The process of claim 11, further comprising conducting a metathesis reaction of the
bottoms stream comprising 1-buiene and 2- buéene to form the 2-pentene for the mixed

metathesrs feed straam

13. The process of claim 11, further comprising reacting the bottoms stream in a second

metathesis reactor to form 2-peniene and propyiene,

14, The process of claim 11, wherein the actual yieid of 2-methyl-2-pentene prior to
pyrolysis is 30-70 wt % based upon the C, olefin content of fresh fead.

15. The process of claim 11, wherein the actual vield of 2-methyl-2-pentene is at least 40
wi % based upon the C, olefin contant of fresh feed,

18. The process of ciaim 10, wherein isoprene is separated using extractive disiiliation,

17. The process of claim 10, wherein separating the isoprene includes a combination of
fractionation and extraction.

18. The process of ciaim 10, further comprising recycling the 2,3-dimethyl-2-butene

siream to the mixed metathesis feed stream:.
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