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 C4 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 C6 olefin isomers, making
recovery at significant volumes difficult and expensive. It is known from U.S. Patent No.
6,538,168 to produce OpfeR PfiRNrevs Aehir R IE R BEVCRRP R s PR R al metathesis reaction
of the C4 olefins produces a mixture of 02-C6 olefins and butanes. In one embodiment described in
U.S. Patent No. 6,538,168, the C2-C6 olefins mixture is fractionated in a multi-stage distillation
process to give a low boiling fraction A contairBagkareund olefins and butanes, or 02-03 olefins, a
higher but still low Beilirgidcadttondicentaringdivienesard butanes; arintermedieiedoiiag fraction C

containing peptens Aadaiethatkuiang. and aigh beilinefractiend sonaining.hexsns.and

methylpentepe. In s g@sg%btm&g& g C6 olefins are separated from one another by fractionation.
In Example 3 escr%ggt herein, t yduct stréam contains 99.5 % wt. 3-hexene. The 1-butene

conversion rate is 9T Qﬁ?f%%'?%‘ﬂff’@ﬁg BRI SEATAETE R ShBUtyRIsE &8RS oved before
metathesis §dstHatitherressorsnefstreancieonemériinesis somtaingainlyseress ivekiutyteraeThe
concentratiepeficiimetbyle2 peaieaedialissease is low (< 1%). Other known processes produce
2-methyl-2-penteng;fram.prenyiens #ABrgess shat iavp e imerizing propylens oo,

methyl- pentﬂeraes aggnglmﬁth mP ten g'dergg{r:{g%d iny usS Patent No 3,686,352. Ho(\i/%yever when
2-methyl-2-pentene 18 formed USing propylens as & feactart s SRS B VR, = Co Isoprene
(2-methyl-1%Hiitafe Rgfes deE”Lﬁs%?tt%dinﬂ“bSSﬁg’”SﬁF’eﬁ‘eU\ﬁhﬁ%* é’%yﬁﬁf@tlﬁe@oﬁzﬁenatural
rubber. Isopreire wigorevieritiotralbjercooy endtd siagmn disdigbrfracten of dhe efflwantliof stasion eracking of

naphtha or beaxigrOisCl siean yaskey, Gs siiepmissantiipa soi\eniaxkasiorfneress typically
using acrylonifies sig et Lintode irsamlisalenBvilisdresente hovenasigdiene that is

also removed selectlvely dyt e solvent. e 1950's an the Goods year Tire and Rubber
Company dSSEIOBEE'S pIECEJLFLP 88’?&/3&%&"2%?8%?? Qgp'é‘ﬂ‘teéﬁeaﬂﬁj é"reéWéféerth'Fﬁ/dr'Bc%‘i‘B%ns mainly
isoprene, mEifan & adutyieline. aTheepamEah o penterrihenAvbiEasifrsteuemifxameked in a
pyrolysis redetcitia formaiis dipr enslandtate cpnathsces, 5% istdeseribed iTéFasiansAfieetinshMethyl

Pentene Pyralysis1Frachsd ale ALY BRNSIIIRh SRHES 5697 M)- Tétﬁlﬂt@qg%%&gmgtl%%f&@thane

ethylene, b%gp A %QPrFtn es andfC es. Th reaction ce at temperatures of
600 Deg. C or ?Itkﬁeﬁersand’i under h %?13 fition to %\aﬁﬁ Fs%cé]rglﬁtsaon fmgﬁlzsg 01% e Goodyear process

used HBr of %erﬁ?ﬁzﬁ?f‘ér R EVAS) 5\?&‘%?—1@%@% HoMb ERR&DIY Eafd'st to promote selectivity of isoprene
in a thermal crackiftjselytivh PEwOSsR arodisEs IviththBt-sérdeve dreinglepiess yidl dscot $415% mol.
isoprene framdi<sethygridnperiepecTihadso preng-thesrearhedsepryriedfson tismbtinedy using

extractive distilatian. Thiswerk isdiscussadindiad, M. Elidne Iforeng Sapfor Research Institute

Process Econog’n ??e@f O%t(tcoot528 60) 1967. An alternate isoprene production route is to

dehydrogena?e IsGamylenes (meth %utenes) The dehydrogenation step has been practiced

commercially by Aﬁ@%&d@tg‘ﬂgt’hé P ERIiR PPRWEST [SoafRAKRRELYPILAIR Ko &/BERIT recovered
by steam crexckirpOEpradutiestreaprmselis those tasésrhowevd dndiprocessios cotrptitated by the

presence obeyaiapeniatigne nhitne ramielnl e sieavitescralective ey eganatiogkrsemove the
dienes that WiauldPRIEYOLR AT XHPAB0RHAN.CAACLTDS ORI HIAESDRIARRIER 1 A0 very

costly, requiring vacyum operation and sighificant capital expense. Isoamy lenes can be formed by
the metathdéfs oq‘cﬁulz R R Y TS ﬁ%r%m(%%%%ﬁ%% ‘fﬁ‘iﬁ’éﬂ g Eaﬁvﬁnbhemlstry Prod. Res.
Develop., Vol. 10, 'N#&e1 9807 25 %65 W&@%ﬁﬁ%ﬁ%%&ﬁ%@ﬁ@é@dﬂd@géﬁ&t@@% isoprene
as above. for ctinweotilg henetsgfeipindevetop amprooesiithedrbessy lisdinia ibigheyseld<afane, and

2-methyl-2-peRigRadromepixRechf4- péﬁtérﬂ@&@%am&usgmmmm@iga PUHLRRRS CRIYGESIDR. The
2-methyl-2- ng}te%% gg%t‘t@?rﬂnggu%%e &tispégéjc%ﬁgdlslrﬁ) egors%\"tj‘mctm Fﬁt@/l Fg)an% i yYZ 'E'?se”t Is a

process comprising reacting a mixed metathesis feed stream com ing 156D € and at least
one of 1-bufdR& a‘?? eﬁmﬁoﬁﬂtﬁi’sﬁ‘ﬁ@tsatﬁgg@ réSRtaFIR PIBSET e 6 A TRrsEMdtathesis
catalyst und@t%ﬁéltim@afﬁéi@tﬂstcﬁm&m@enaﬁ ifenerstitatéaro dizct stréemparampsisingd@t least 30
wt. 94 2-methyl-2-penfenahaseduppriibmelelivgoniprimel feskieadinthegnieshGAonetathesis feed
stream, and at least one of 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 produlct stream using fractionation.



Another embodiment is a process comprising reacting a mixed C4 metathesis feed stream comprising
isobutylene and 1-butene in the presence of a first metathesis catalyst under conditions sufficient to
produce an intermediate product stream comprising 2-methyl-2-pentene and at least one of ethylene
and propylene, fractionating the intermediate product stream to form a 2-methyl-2-pentene stream and
at least one of an ethylene stream and a propylene stream, subjecting the separated
2-methyl-2-pentene stream to pyrolysis to produce a reaction product stream comprising isoprene, and

separating the isepreie tafan &ml%oaﬁsra@qpradg%%s@na&e@@gtér@s?tm%m&e selectidsiner

embodiment | |s§ gcess comprising reacting a mixed C4 metathesis feed stream comprisin
isobutylene S35 eRtdItd A (e Bradentl b B HreER deathalls rafvued vieiecermainGies Sifficient to

produce an ?ﬁt%ﬁﬁ‘é‘&1é%épbﬁi?ﬁiﬁ%@”s%r€2ﬁ*ﬁyc§rﬁﬂ?igﬂ$g Projprises thenemyie sepreied Benyleke,
2,3-dimethyhi:2uutenesap e 2rbtitendsiieparatitigstherintertivedsate pradhyet BtrEam, inispraski-stage

fractionatiosprasesstedermaidrinetiyi2=pantianre iRam distifaie siream containing ethylene and
bropylene, and a 2t inethy 1z ens slaam  SYRiecipo éhﬁyérogs‘rﬁg%g%%mqm' g%em?”e stream

to pyrolysis roduce a reaction product stream comprising isopréne, and se arating the’ Isoprene
into an |sopP8?$ o&ﬂ%ﬁ%ﬂ!@é‘%ﬁeﬂ@fﬁ@ SRR rac Ce‘?é‘frﬁ%ﬁﬂ@fyé’ﬁhﬁba [REABiEs S JEEem
comprising ﬁ’cﬁ‘?&‘ﬂ rAeRefedEoTERENSE, Hrietgnthyeaaer, redmetrer uttistiage fraetiormferreylstem, a
pyrolysis heatesmand arsenosd muslistagefeactipnationsystemotbrfitst rpetatbesisseastasris
configured @ﬂ%%tmtym%w%&ﬁ{%@égﬂn&gfrés LURHE G AHERIENE A9RRAHE Gicnes
2-methyl-2- %ep\tNeOr&% = sl SEC upnd Jea ctogn% rrg}pgge; atrLeagtho e of ar |sotmer|z?t|on reactor configured
to isomerize B-butene to form 1-buts 0 a etathesis Tosaor cantigtrBd B Seiet 5%itene with at
least one of’ %?H‘Vl@n‘?%‘r‘fﬂ‘ fpﬁﬁﬁ%bafﬁ E)’RS‘H&SE@ ﬁﬁ‘ﬁ}l@ﬁé”%e’%ﬂ‘?ﬂﬂ?ﬁ%é’%&&@ﬁﬁ%Plysystem is
configured tosprsthitesa 2f Indthgi2apentenyiestreans dnetib@d3rdimethizis? disteintystrean®ed he pyrolysis
heater is copéigused teicrackithe 21orethyl-2speniene itoprpshicedsomaneanshpihgeivdiogarbons. The
second mulgggg% fractignation system is configured to separate isoprene from the other
hydrocarbons. Brief DeFCkf_épt of the [I)rawm S FI? 1 is a flow sheet according to a first process and
system described BERW E§T L 8 B %?1%& ARG IES SR 8 L Gy 5 8BS Gescribed
below. Fig 3re&dfrsi %h@éﬁ‘hﬁ*ﬁ%ﬁ‘dﬁw@%b&‘?ﬁlmﬂéﬁﬁibwm@?ﬂ Hexeisised Padwmatiyl-2-reatdiew sheet
according toz foerrtte ensbodmente Betadted Description = Systems and processes are described
herein for the efficient production of isoprene using isobutylene as a reactant. The processes enable
production of an iso hexene material in high cogcentration without using expensive propylene as would
be required for dimerization. The 2- methyl -2-pé an then be used to produce isoprene utilizing
the thermal cracklr?é‘?cﬁﬂigoq}\?ﬁ%h 1S I8W8‘?Séo‘§’['%’a“ﬁgrﬁ@? 19 e thdrt SR EEUERT FH5GBNation
involving isGamijiEne somtgenteehibisaiioats! bivtaneaubbieneod ice Steeaistersispradyciad, including
ethylene andqpapytenar a first Artusedhenaipt ieaavessimhsaeiansido: b mnkdarohtaatiant converted

into produchAciatedr!domsisised: et wdm Falle.3 refarsto-tng asiHaldnass Qiwaight of product
obtained (hgalvmgr Slébtl’%cted tiéecpr o](u t Ios% eg ue rgjo QUJ%? streams an tﬁ fractlonatlon) divided by

‘the predlctecf3 mass or Welgh)i of product 11 no co?ﬁregtlh reac fions’t60 e PR eb? expressed
as a percerftsRtf 1Y L ey W@?E‘m rﬂﬁ’t’éﬁ’ ﬁPHB?a‘fﬁPé‘r%@ @@@Wé?eﬁ’ﬁ”%lé%ﬁ?\\ﬁﬂwsiﬁ Pable 1
refers to thebioriss of rggsbteti utaiupretierct cormpsingd sorered  adiviskedriinththenagsokaltpraducts
formed, notisastusingoungenyaradieasiankiexpressed as a percent. Selectivity is based on an overall
material balance. Anothghgnm&ﬁﬁ%e§ qle Ftﬂ:ggéj &%Sﬁ@n‘rbs‘?e?c‘? tgl%ﬂ%gsca ff‘ sls Iq‘ethde
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metathesis r?actor In one (t)qlment butene Is iIsomerized fo 1- utene W S then sent to the
metathesis T6actor W g?gqtilss rE Rt P With T4EBE &SSP f%s?ﬁfﬁloét?]))fétrw@eéﬁ%‘&e?srﬁ@wté‘r}f}@’htene In
other casesc®fiABhEYieieridedriivae #dtiamessistrorietnrt srsepbtryRisE AR EIt{Epeniengsed in a
metathesis sedetiGasbbRebrittndand-ethyiste dofprtchtegrepyleneasapanditiasahpsatict. In

another empodie@nte khienerRpd Zriuienssakp deaciediianesnelathesis JRAGKAIIQfm propylene
and 2- pent%ragjegtpg the geé’a‘?ﬁ%%”frh%tﬂ}?? 53%;'%%%% '§°QU9(|§,Q Olrgj a ch%rr[ene}athes gs r?actor to
form 2-meth entene. In each case, a set of distillation fowers is Used to obtain the desired product
and recyclezf rﬁprﬁ%mp”Smgfﬁ%“??{éeta?ﬁgﬁgpﬂgfé{@slpﬁwﬁ@pb%‘%%fgmfﬁlés?ﬁ%r%%?’é"éaﬁé‘fﬁgt including
but not limitedngoffesig@aatien-Group VIB and Group VIIB metals on supports. Non-limiting examples
include tungsten, molybdenum, and rhenium oxides. Catalyst supports can be of any type and could
include alumina, silica, mixtures thereof, hydrotalcites, zirconia, and zeolites. In addition to the
metathesis catalyst, the catalyst in the metathesis reactor can include a double bond isomerization
catalyst such as magnesium oxide or calcium oxide. The metathesis reactions typically take place at a
temperature between 50 and 450 C, preferably bel%veen 300 and 400 C.



A method for the double bond isomerization of 2-butene 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 meHIARG 6asfR. 3 AR Athygiarasbansy O mudiecaibonsiorludingisoprene,

cyclopentadrene meth Lbuteneashda dgn%e%/]len S, unconver met Fpentene and other C6

hydrocarbons gﬁsdn ﬁeaweg TRe Mixtire 1 gng uénched witha o%tu@ﬁ(%é tshc? |5ﬁtaﬁ(1$te‘r"\1/v5rter
separation, tRRAARE T eab it ?@%“ﬁs‘i‘ﬂléﬁ?ﬁﬁﬁ%%rﬁﬁewséﬁﬁm HRErs2s COMRIGIEE88¥d to adsorb
the C5 materizntvhethdindeand SortimafthelOtor Hghteboenpeesmisrariveantovediavernead. The
bottoms (Cétrpdlowsdoraifiraationatiommaian plbbesOestémainiyisapiensh&re thenstrippesiftom the

heavy 06+ liguligl, 4 Wa%&!ioé’cﬁﬂéﬂg'%edﬁ e ez gIElnENRCIne ARGIg s out the

bottom of this strﬂ%d[ 6c\;/gco umn. 2-methyl-2-pentene as the boftom stream from this second tower is
(0]

then sent to° 3 PIMERPRIE i SRR S0ePHBLGRAE rEEYHEd 30 TRERPARIGALCTUPHERR. The
bottoms he&9FHEiNE iSTREYRIcRNASSHIETABIZEE CIARIAMIG ANdITRIPIE: GlEtivstisERRTINGSINg
methyl-buteingsidretnrthe stripping column overhead are separated in an extractive distillation column,

with isoprene rema@ﬂoadméhe%&er&htlaom@eers SsRaralgdhipm e selenidnR sirigping column
and is Water T?glhed o remoye trapacs of he SO geent Crud |so rene is ent to afracj!o atlon

{s) a:on 3 acond
sequence in which alkynes are femoved as th stlllatg in Frstalstlﬁa ion ower an cond

distillation tor\ﬂ%‘r:”r‘@?ﬂwé%teo"pe%éﬁ%é@?@%&ﬁﬁ?t%‘ééﬁ‘i‘%‘ff??s@d?é‘ﬁ@ﬁ%%@f?é@té’ﬁha@ Yitillate. As
would be evitent tdtlosevkileenianthie predthe Permtevrarnations. ptssibleria dastseparaties of isoprene
from a crackiag efflugninanshidirabo veapin cesssisa RORJInHRMexample . iavapiages oHithe

processes dgsgriRed hereip aaﬁa%dt@r@é@wmée #ansthyl2-peniens gw%&q% in,bigh

concentration gom a C%eggreehm ﬁssmuﬁn |on5‘—%a ?O ove, coqventron I me ods CI;OI‘ productron of
2-methyl-2-PEntSne rom propylene TesuItTn s Righ costYeeds ok, n Hhee BrBISVIESE STUEH more

expensive tﬁﬁﬁmﬁggaﬁr@@@ﬁé i E%W%H@GZ‘WW 2-PEn RSB direte 4= st 119 contrast, in
certain embudindirts2destribegdehereiny 1pbutereisoisaiutene 2tme thydr@pbntene the thadene

2-methyl-2-pRIEAR: AaisORRNes s EeINaNRLBe eBshiSABLHERA ST IRIBIH:2raBtaRR & Propylene
2-methyl-2-pentene 4 isoprene + methane Thus, the process described herein uses mixed C4s to

produce 2-methyl-2-pentene plus elther eghélene or gfrog%lene both valuable olefins, instead of
consuming valuable propylenes. Thi& tion in net feed cost per unit
2-methyl-2 pentenBpro§acéd. Pestresrdice $3 @SB hete RYIRIN A8S R Ded metathesis catalyst

instead of a homo@genetusfioatalgst focqptiop yensdimignizaticrihaieusrdcfoetheiproduction of-2

methyl-2 pentene yig @tiaerﬂarps}esee@eon [educesRBSIMING &astshasaise continuous catalyst feed

is not required. It |s_ no&ed the sam Jé)ég%rb@?ﬁ catalyst Gan.be be utsed in all of the metathesis reactions

presented in this in &ntion. E)ther methyl-2- pentene processes like propylene dimerization, and the
synthesis of isoprene from isobutylene and formaldehyde use homogeneous catalysts. 3. The overall
metathesis selectivity to the sum of 2-metiBat2ipd Besseintiah ethylene and/or propylene can be at least

90%, or at least 95@iems and processes are described herein for the efficient production of isoprene
using isobutylene as a reactant. The processes enable production of an iso hexene material in
high concentration without using expensive propylene as would be required for dimerization. The
2-methyl-2-pentene can then be used to produce isoprene utilizing the thermal cracking route,
which is lower cost and higher in yield than catalytic dehydrogenation involving iscamylenes. In
some embodiments, other valuable product streams are produced, including ethylene and
propylene.

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

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



4. The process utilizes mixed C4 streams that are available as a by-product from cracking units.
Conversion of C4 olefins to ethylene or propylene and isoprene could potentially increase the value of
the feed stream. Competitive processes involve the dehydrogenation of isoamylenes. If the C5 stream
from steam crackers is used as feed for the isoamylenes, this requires extensive separation of
cyclopentadiene. Alternately isoamylenes can be produced by the metathesis of propylene and
butenes involving high cost propylene as a feed. 5. Some embodiments of the process utilize an

isomerizatiaf (RacIaLLIRY Falk % BUERS 1P dibblene. iainadlie pracess logbic to a varlety

of C4 feed comgosmons 6. The process can be Integrate Wlt olefins co erS|on techn ogy (OCT)

for the prod&RIoH &t FropyRs Ceerén(?'gd& AT e?ﬂcf’éh&’@éagarﬁaﬁ%'?eaﬁ?@ae THE b?&&e@%"ii’?oduces
ethylene thattefi\ih ils&#P'as! prifroletie eevylefrerritielips glifeshestiawd OOFpbtesPptdeiucing
propylene visasstraiditiopratimetdthesis reactnidgbutenesriethydenaprapylenad propylesent The
integrated pgg@gmpg%&e&aq,,bgﬁ%@rgmg%gpom(QCT process for additional reaction hence result in

higher butene utlllﬁgo dI % ytyl ene will not react with et ne via metathesis, and i is
e e e e G Bovein, the

therefore typlcally remove an

isobutylene 'BeiEt8TIE N B YUpYT a5 6 Righier bﬁﬂﬁ%‘%dﬁ}'%e" é?ﬁ!l‘ SHVIENEOMEIRPSHENe
Unwanted skRstpeadeond i €CEditerithiglreadttitrmokivkte medvith2hbiteretécepradeiber propylene
and 2-pentefneesl hevdepe nteae- &y pracuelibons© el tan asdtiligefasdeed ianthe preduction of

2-methyl-2 penieRgs Iéa.%tfaw#%ﬂéag%g%%%@%%&%%;Qﬁg%‘%n%&&%g%.f&%%}'erﬁd in the

OCT fractlonat{on traln Intergraltl Qeagow ?e common use &n regeneration and treatment facilities for

the process einca the CataR/sts ara cipmila SCovery ¢ LR &R FFBRPCIRRIAY effluent

RECovEry &%
results in sSTAERXHNENIES StA5BRRTet 20FhitR v?ﬂﬁ’ﬁlﬂerltStH%ebré%ﬁﬂﬁPoW'&p%’@W‘Rﬁ&e|s6|cﬁf@fﬁeefProcesses
that are inteneletidgispradiscé ZemehybiByp2nterreae sultaich kiglaes wel umissilanchconeeniratians.

The procesgisHaaktics Rey-dseddl fos et e dtapd streams containing 5-50 wt % or 10- 30 wt %

L-butene, 550 wt 4010190 2 0MIERS o3, L0124 01,4000, neRibct g .25 o

butane, based on 100 wt % of butene, isobutylene an Uiane. quantltles of

butadiene, &3 5gﬁ?p8uﬁé%%n\ﬁacg‘80%ﬁ%u}%% s/ %8%%@8%%6%%”@?%&5%8% {PfdfSed stream
has 0.1-0.3 2580 POMRERINE,; BDT Priteiof Bidesontisiinst SuerntOcapbetst @8yduprpodresibased on
100 parts inttliedfeadnstreaimca, mixtildetprecke sgdiaseibe dieneinapiadsies fom2-mathyle2neentene

actual yleldaqeﬁa%wea@w Ye o&e&;ga% AVt%Medls1eRstm0 Yeh%nPRseLuReRbibe,0d,0lefin
content of fresh fe es, the actual |e€d of 2- methgmg e%ene is 30- 70 wt %, or 40-70 wt

e SARCR
% or 50-70 vvt FSI"Z gprﬁgr% Sécsitﬁ% aleré% o) S<";1trTI1eas 618fw€‘¥9 or at'leas Sésr a cétl%‘?BO wt %

propylene c¥R B dBtamRSE %&ﬁﬁf%ﬁ@ﬂ?&f*@ﬁ%@? S0 P & aﬁe&%ﬂn@»«e%&?"m&&q 20 wt A)

ethylene caf-be obtained. The ethylene and propylene can be used in certain embodiments of the
process and/or can betretnoved asupkoshiet somerizatbe soflaning Bxemplesie wle-sexriahcases that

have dIfferlragn%%%gﬂygg@%e%ns@%\(&rﬁ@g Wdﬁq@tcunenté%%@ﬁ&ﬂ&?&ﬁ@b@&rﬁ?emwﬁwn with OCT,

eIeCtIVIty © Pe Rgzl, m%he&!’of\alv %re? ?\?o%vhe%r%c B)Egrge»/ile?sngf %gigi?flslflsae\!;gcp fr? th%czsomenzatxon of 2-
butene to 1-butene are basic metal oxide catalysts.

2-methyl-2-pentene produced in the metathesis reactions is converied io 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 vields a full spectrum

of products from methane gas, C;, Cs, and C4 hydrocarbons, C; hydrocarbons including isoprens,

cyclopentadiene, methyl-butenes, and piperylenes, unconverted 2-methyi-2-peniene and other Cq

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 Cq+ liguid is used to

adsorb the C; material. Methane and some of the C; or lighter components are removed

overhead. The bottoms (Cgt) flows to a fractionation step. The Cs's (mainly isoprene) are then

stripped from the heavy Cg+ liquid.  Any cyclopentadiene has been dimerized to di-

cyclopentadiene and flows out the bottom of this stripping column. 2-methyi-2-pentene as the



Examples 1-4 Four processes for the production of 2-methyl-2-pentene from the metathesis
reactions of 04 olefins were simulated in Aspentech HYSYS. Each process was simulated with a
typical steam cracker raffinate | feed blend of 50% wt. isobutylene, 25% wt. 1-butene, and 25% wt. 2-
butene. The 2-methyl-2-pentene obtained is then used to produce isoprene. Raffinate | is defined as a
mixed 04 feed from which the butadiene has been removed. The butadiene can be removed either via
selective hydrogenation or by solvent extraction. In order to be processed in a metathesis reactor, the
butadiene shauld Betemayer Lo low ey Rafinals 1 compisss 3, Mt of fobutane, robutylene,
1-butene, c/t 2-butene and normal butane. The stream compositions used In e exg\r’ﬁfﬂ%% are based
upon a pure e RSEH BRI S5t &8P ForthaIStiede parafimis s Frexeledor SBRitRYREta s in no way
limiting and RiFéiigedrtb MristeREthBdydativathwhattted fractite, stHepermovst oioparetihstfrom these
streams is aeporaptished byradditiostibitactiomationtandespuEgiagifinm tRessrastionjasRrssas the
concentratiagaffa #insRUbiLER IR Feisies SNGaRRPRRMHNS.Ae-A0trearLoVeLmERIheSIS
catalysts. E%’(%rg%lec; cFérig(gl%grtllo'ré (Sngnlﬁt%par?neﬁ%% I%tglé/lene froth-Mqéhr){l-Z-Pentene Obtained By
Catalytic Distillation-Deisobutylenization (G- ARa eSS RS B 61 FOsBEH A& and
1-Butene wﬂﬁ“‘?&‘?ﬁ@r?zﬁ%r‘?*ﬁ{ﬁ'ﬁbo” fowes St gefPEE tESHl LN tRwSvVEraY BT RRasETRRSpROdUICINg
isoprene frovatiamixesod aesnmsis dasigratess dstl00. Thevoudtak proeess ihcladeitca metathesis
process 10k ferinare ethishs2oReBE RenaREaRIEOMSIH BRASERRIAURRNO c8SS L Q3deproduce
isoprene. . fereshoatfingte.Lin; (5:%?:@2 containing 50% wt. isobutylene, 25% wt. 1-butene, and
25% wt. 2-butene Was ?atalyt}'%?llé istilleddin tower 104 to separate isobutylene in top stream 106
from the n-buteneS THDGROMS Streat o8 eSRIRRTRCHLNIEHER fif {R1S"ER%vice utilizes a
hydroisomerizatiod BN StRRARNT therefsefraticHostpartentatins AHove forsrrarisomerimiiordof 1- butene
to 2-butene as theafractiopatiotopaboetbdss ior thedatisente-okthisasemerizadiopripnetiorspertions of the
1-butene and 2-butenedh dhe derdwesitiraek,RveBeadANE-be.aaaued Wit thgoverhead
isobutylene product. This is done to minimize the 2-butene in the overhead isobutylene product that
will be directed to the metathesis reaction. Stream 108 comprises mainly 2-butene. Stream 108 was
then combined with a reQ &' Sifal 408 S ARSIV 1A VAR A AR et tBefii8omerization reactor
114 where an equilibrium 2-butene to 1-butene ratio was maintained (approximately 3.5:1 at 350 C).
The reaction produrctstreasnnkifaoatainadshtbutenpantdnbutene, which were separated in a
distillation tower 118. The_hotimssHaamm SONANG 2huiene the recycle stream 110, which was
recycled back to the isomerization reactor 1]24. 'I'tpc%oép strearg 120 congainin 1-butene distilled from
distillation tower 118 was mixed with the isoBUlyIene-containing top Strealtt 168%rom tower 104 and a
recycle stream 122 in strEARMEYT SHR4FREI2 2 WSS LAV AN TRDRHEIS reactor 126 where the
following metathesis reactions proceeded to egqeHibrimnisobutyenene -butene '.-7* ethylene +
2-methyl-2-pentene isobutylene + isobutylene to ethylene + 2,3-dimethy1-2-butene 1-butene +

Lbutene ethylenertigt, MXg0E.s ool RaRIRElRNLIEY GUPIAINES fioit M. URksRGIEG 1-Dutene

and 43% wit. unrea%ged it olbutylene, vzwth 25% wit. 2-methyl-2-pentene, 9% Wt. ethylene, 5% wt.
2,3-dimethy1-2-butehe “SNG 502 R TS 8RE FHRP AR lor drhlsaH PRSI DS WA ' ent to a distillation
column 130 wher@©ffABPe WS FSHIDFerisaBs PR dericlivndprstrisafrag 2eming botediliquid stream
134 containing C3entas sentuteda distillation column 136 where C3s, 3-hexene and unreacted

isobutyler]]e2 and 1—1*@1&@&%/@5@&%@@@;&&;’@tmlﬁh@lﬁzﬁegmeaméﬁﬁbflda@e&%@éﬁf&%" 140 was a
mixture of 2- methy1-2- ne -dimethyl-2-butene. This om stream 140 was sent to a
distillation columr?)illd’lzfnzg gv%ﬁ%rest aé% Pgts?i?fe%o |ycl)ecrl130dt} ?Fﬁgt[' nl%'-tﬁsélﬁ Sﬁg"ﬁ%pé%‘ﬁ‘é%‘{)é‘d’ Eagsl a distillate
stream 144. The UBHBWS %?Péegﬁ]\’fﬁh@bﬁr%ﬁ?ﬁﬁﬁs'b)fﬁ‘r‘%ffﬁyb‘f?ﬁpﬁfﬁ?@&%z?%ﬁ?éﬁ% was combined with
distillate stream 138ivieHelRatitisideeesmineagcto fsmoted el eastrcied DR catdiyshchebame part of
stream 124 that was:fed dbdtieemetatitesisceaatopd2éiddie RiSmlisnathydtatiuiengand 3- hexene in
this recycle streamdniiiise:-t-0RI QAGII NG SIFR reacAns AN DEPRIRALthE selectivity to the
desired products. Qo\ge{%l,! n%%rrggrfgnan&gh gtau, je.%.og\éerall feed cpntversion and product selectivity of the
entire process from inlet stréam f‘di o outlet strea%efﬁ))fso%aﬁﬁe’. 9, is shown on Table 1 below. It is
noted that "perpadt® SEEUTRD BITOIRRIVIGH T ETR AT ParEaReResr apatniers 2edetor or unit, in
this case reactor 1PP@Y@vcralPeaaithdpeiOfassapertodhiance (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 concentration of 2-methy1-2- pentene. As indicated above, the pyrolysis

and separation process is designated as 103.



Distillate stream 144 is combined with recycle stream 148 to form stream 150, which is a 2-
methy1-2-pentene rich stream. Stream 150 is fed to a thermal cracking furnace 152 where it is
converted to a range of hydrocarbons, mainly isoprene, methane, and isobutylene. The furnace
effluent stream 154 is sent to a distillation column 156 where methane and light gases including 04
hydrocarbons are removed as distillate stream 158. Bottom stream 160 containing isoprene and
cyclopentadiene is fed to vessel 161 where it is heated to 100C, causing the cyclopentadiene to

dimerize o dioycloneiaiens, EHIYAPLAL=AM,AQ% S SaElAOL s ssnk i flsflaton column 163

where Cs hydrocarbons are taken qgverhead as stream 164. Dicyclopentadiene and drocarbons

are removed from A& cofI¥R I Bbtton Lrda R EBS FHE gf@%ﬁﬁ’@dfﬁfﬁﬁfﬁ/‘?ﬁﬁ B@%‘@fﬂﬁrated further in .
column 159 to collBetegreyERiftatibntesn StraamTeEpeiivte reaspelinf thiserdmaining 06+ hydrocarbons
in stream 148 to thietorackengtifurnidesadbb2nar. theheoljrersiretom sehwanberacyeted:asaiream 148.

Stream 164 contaiginglsaprgads fad ;Qqarbmaew@sgw@sm esaRhAOR NSl R gontacted with

solvent from strea@ g.g% 'E%r s and m Iefln eave ev ssel o er ead as stregm 168, while
ene pro u eme t esns? ene §s volv;nﬁ1 Sq
the solvent and extract stream are e SO vent S rl?) g co umn rom column,

solvent stream 176%% Pé%‘ﬂ}'é?@%l%atliﬁf‘extractlve distillation vessel 166 as part of stream 169 or is fed to
a solvent regerferaiitme sydtedinants SHommycSe atiive BT Scontatimg ésoprdrme @anddsamadrocarbons is
fed to a water washing<atombuler8, Méaiey B pa kiR anatactisdhey/ydiosaikensaneeemoves trace

amounts of solyentas R SRR ?edm§oﬁa¢ﬁ§@zA§e$§aﬁ 10:AiRH tg PR ALY 184 where solvent
is separated as strerca)lrnc §6 end rec 89 n txtralc e distillation vesse 66 as part of stream 169.
Water stream 18015 recyded pé’cﬁurﬁan o IS 5B ARS8 ¢S hydrocarbon stream 181
leaves water wash‘lng%@ll?fﬁﬁ?%?@é@%?s‘%fﬂﬁ?é‘%ﬁéh@afé@ tesetiswikaibef belafme18BeAlkynes stream 190
is separated as distillatguirechstillatiorDCol pimre k88 @niddatipyrasite amred9ch sontaindyg isoprene is fed
to distillation column 194:ds0prene product stream 196 is collected as distillate and bottom stream 198
containing piperylenes is.taken fro pe%e lumn ottom Using the above-described pyrolysis and

+
separation process, using a purlfle 2 met ylmfysieerltepr?p%/eeg to the thermal cracking furnace

containing 96.7 wt*% D RIBERHSGRErRE Ao WA P Y Il b TR Reesa e addiBmag of isoprene
can be obtained for evagidOBkes of Q4 ipvlefinefeattnBatigdtion the 04 olefin content of the initial feed
stream, 60 wt VD of thedeeddscaverammie isepianeribmt i @&zﬁ?ﬁ&@ﬁ%&@%\/&&t@d to propylene,

and 25 wt % of the fee@i&ggﬁqﬁg\;g%da&g ‘ééh'w@ﬂ]%s as E_Pdt is pote ge ehte & variet dogcoghgr separation

processes can be used in place of the illustrated separation proc Ss to'obtain the iIsoprene product. In
general, the fractionaflgf Brﬁ?@é%sb ﬂ%%’f\?esg%tﬁIh%%café?‘ﬁé{ﬁ%rﬁd@glfﬁﬁﬁgeéﬁai‘lfdﬁ%ﬁ‘ﬁ/ﬁﬁ%lude solvent
extraction and/or extra@tiFesRsHRRIATe Example 2 Production of Isoprene and Propylene from

2-Methyl-2-Pentene Qbtained Sy achiatathesis Reastionokisabuty epetardvinBligsgs combined with
a Metathesis Reactiog of/ey a2 BuRaR TR SRAR RIGRYIRNS rom JEFAPIS 2 llustiates a

process in which propl}{leng is produ Qucnon 095mal Eene |somer|zat|on step and catalytic
distillation of Example i are ellmlna e s saving cost{1 processmg steps for the production of

2-methyl-2-pentent. ﬁﬂﬂﬁ@ﬁ%"%ﬁ%@@'@?%b@&y&mﬂeeeéea“%n?r{faﬂ@meﬂﬂéne product.
Referring to Fig. 2, a protessidotrgroducing isoprene from butenes is designated as 200. Fresh

raffinate | in feed streenmgz&%mmmmawmswwe%@ér@ Yk PRIEIReERHR5% Wi. 2-butene

was mixed with recycle stream 204 contal ainin 10/{’ wt. isobutylene, 9.5% wt. 1- butene, and 8.5% wit.

2-butene in a ratio of ?Lr%ciss Sl1@rec cle or eac T(m 01E fresh feed. The combined C4 stream 206 was

distilled in a coﬁve%?ﬁ?ﬁ%ﬂ’d’fs%ﬁﬁ% %&W%@%%@%\%ﬁ@?@@bﬁ@ﬂ@f@ ARl Yot in distillate
stream 210 froRte2uistiterieh indoisttiorih & s tpessinstipn Zafdvdvdis it st ane <286 theraainigBd % wt.
isobutylene anebhauvet2 rbriepeetvas sehiitn Rgnetathesisdepaintsdtaivhere the following reactions

proceeded to equiRLIYm:JSORYMIRIG A LsRIISNE eSS &eaMEIMIAREBIENG: % 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-butene, 2-butene, iscbutylene 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
compo_unds based on 100 parts in the feed stream.



isobutylene + isobutylene Ir. ethylene + 2,3-dimethy1-2-butene 1-butene + 1-butene -'.74 ethylene +
3-hexene The operating parameters of tower 208 controlled the concentration of 2-butene in the
feed to the metathesis reactor 213. The quantity of 2-butene in the overhead 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 bottoms stream 212,
The presence of 2-butene in the feed to reactor 213 led to the equilibrium reactions of 2- butene with

_l'bUtene and iSOb#M%F&é%‘gﬁmdﬁ&gwﬁ@ﬁd@é fSrPiQJ%YA?ﬁE% Er@égggéﬁﬁgyields of at least Sg_pentene +
isobutylene Ig/propg/% ne +02-m{%th>/l-t2|épent ne ; utene |sobu§yllene_4-4 rE)ro[;)ylene +
2-methy1-23ButeRe 2 FAatAY "S- Suitehe 25 BUtehe @QQ-HQSEWF- AR R BT TERE H pdhtene +
isobutylene Y'PPdpyREn & 20LAXIS-- pEtfienrentenhis ARG o &ffitietit-TY ¥tr&aph 12 vdiitained 57%
wt. unreactédrisefutyermeaniBsoid masedtiedal duteses; ahiaiticoree spanaedite: atoiatieed
conversion edrappseiineatel:34 Yeeaobs BeeRASSy Ehe raetaihasisreacten rifluent.steam k4 also
contained 1736 . £imeily -, RENISNe, 74 £Viene, J03, 2.5 dmethyla buteng, and 0.5%
wt. 3-hexene. The metathesis reactor efﬁuent dtfeam 214 was combined with a second metathesis

effluent stredRTPTEMEIorAT RErEiRs9 85 BREMH 218 was sent to a distillation column 220 where
ethylene was takehh§vEreeig idistlkstenstrdarnezoal Pratsofithie uictilkiferbwesancigiewantollected as
product in ethylenesirépemm@d4 whiléstiecsesbsnoe cycledsitaamai @ ovas<amiine rafthene

2-buteneconigiiing RRYAMSSIFEABR R A RIPYSLEeam 228. Stream 228 was fed to a second
metathesis reactor 230. Stream 228 had a molar composition of 66% ethylene and 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 -1-4 propyleﬁéﬁmﬂ%ne The effluent in stream 216 from
reactor 230 contaihed 189¢saas Rhtamed (8T aiibmebyiversitere B2%tvet methkaitaeanid B0 propylene
product. StreameBd5 weas somines wilhesteeamvahs e fermstaany2l §-which as indigated above,

was fed to the istilation solmnnazOud RePeiam? /it 2&%&%%%9@&%@!%}}%&%‘WPB-ZZO was

sent to a di tiIIationféJlu 6 where lene product was removed as distillate stream 238. The

n23 ropy !
o S0 oL VI ADIE S RS BPaee 6 BB bdbees in

propylene stream 2 _ , .
which propyie#EdLasetias fedectofiproalics Duhethyre pentase radirdefiativadiene chnésottoms
stream 240 rronvadistitietidn seEcivinh 36 omasicent tp saidistiatianoeo | inmniéowee 3d2swhenredthe
isobutylenerighuQdistraamrwas mmaves gedisilatasianm At ithe disliate steam244 was divided
into recycle stream 204, which was mixed with feed sttsam 202, and an optional purge stream 246.
The bottoms Istrea,r% D48 Trom tower'243 contaned 6206wt of ‘fﬁg orl‘grsTraédB t-ammtaijthﬁi/ ?Z%S%Tene product

and 19 wt. $5BPS500fHEHAY BeURMRSYIPIGRE S8R LR friTerts WHarL % parated from each
other in distitrenPBAEIS250 hesthetmAcsiseptasewas wem Budiddretdpastresen 250ustiate the
2,3-dimethyifiv@nburtemeantas reaataednie lrottommsisieesms2bdm Withsastatahiae deonymssian.gf 99.89%,

the major prRgidehs FRRUIARINTFESS WRERS T We RIS SYo Nt SrBRity-2cPERtaNe, 20%
2,3-d|methybllﬁ%-butene Q% ethé/ltgne and 1% 3- hexene

- ne.
ap iy retycies sincd the péragms o not react over metathesis catalysis.

Exampie 1
Production of Isoprene and Ethylene from 2-Methyl-2-Pentene Obtained By

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 C, streams
is designated as 100. The overall process inciudes 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 distilied in tower 104 to separate isobutylene in top stream 106
from the n-butenes in bottoms stream 108. Cataiytic - distillation in this service utilizes a

hydroisomerization catalyst within the distillation structures to aliow for the isomerization of 1-



The remainder of the process to obtain isoprene was not simulated but illustrates a process for the
production of isoprene from the 2-methyl-2-pentene in stream 252. It 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

s converted g A Ane,h DAL A0S AINLLSD G TSL0ANEA R BPURASRE g fLImace

effluent strear‘q 26411§ tto a dlstl lat on colﬂ1 n 2 6 f{ m W ich a methane distillate stream 268 is
rP ons of the q% tene and utene in et track 8verhea and be ad IX% ﬂﬁ?
removed. In"many cases hig '$tfeam becomes the Tue required for process h eat otfoms stream

270 is sent Pdeéiha?sctlﬁaﬁﬁﬁ'e’&%ﬁﬁ?ﬁhcéﬁ'sdﬁﬁ%e|§HBFéVﬁ@9d %Tl#aﬁe‘%erétﬁtf\/@{f'ﬁe?ﬁ #R8UEAHIENN 272 in
stream 274 pkdechttiomisbstrgastz@B8hs retiatimet tedtiefurSace? 638 asmaidesinstignmbaEte The

isoprene digtifaia stieam éd isdemnde wiristitajiondawer d8Gs2rasthyld-butanfdsstameyed in
distilate SURRMLAERGNLIARTNP ILRIMAVRAAANONS,AHEAR 2R INTBOUAD S IRAD,290 IS fod

to a distillation column 2 urity isoprene is removed as distillate stream methy1-2-
butene is reWMﬁi%ﬁ&rﬂfgﬁg%nqé%e reactiofipfg i ﬁ{ﬁ?fﬁél&ﬁa‘iﬁ’ﬂt@'@t‘ﬁ%ﬂaﬁﬁtﬁrﬁré%é of Fig. 2,
when the feedateimbitherriatanaeieny fudistibdids RywrirflédRerhethyls 2ipentermastimpihgentaining 96.7
wt % 2-methpi-Re pesytenarand 116 whith 2:3-ragtbyl-B-butene: ableashidsh kenebisprremne gan be

obtained for.gyery 400 koohG¢ leut@rteeeo%tﬁ@ds%ﬂndteﬁ;&énote @rcmewgefntn%anml fgd stream,
28 wt % of thebfeed IS converted to isoprene, 37 wt % fthe eed |s converte to %g)%lene and 7 wt

%% of the fectP R ERTEARA LR IIRE TS TRt TR ot IS B BE I 90 bASH A the
2-methy1- zsﬁ%ﬁ@c@?ﬁéﬁﬁbf%ﬁé&tﬁtmﬂe reactpis bq wt@rﬁaﬁ%é%@\wﬂe@ﬁwgtﬂﬁ@ reactions
2,3-dimethydra2<pdtenie duoiibritre: bottom of distillation tower 250, all or a portion of stream 254 can be

recycled in stream 256 togtheippetathesisreaciandd tozimgmi;gtftgé;e@gion of isobutylene with itself.
However, this requires atls.%rt%%ﬁé?ulér-g%o% @Bpgtgdee%i 't*%@ﬁ”% rbtg'&egd' recycle loop. Buildup of

isobutylene occurs as the conversion of 1-butene in the metathesis reactor increases to 90% mol. per
pass, while overall reactof EEEohVSHROR rBl¥ t8° 108 MBI per pass. because there are negligible
increases in the désketrprodifteicies conigingeistntaliyrassiad s ditenstwab B2 3ddivnstinet-2-butene
for isobutylesuityitive, putigesstreamsr2ddiarpdbdad, thie aoséofienmueh higherdraeysie mtiensAs the ratio

of iSObUty|eQ§dt9°/J-vQLﬁ%ﬁe%mﬁeﬂ%ﬁ%@?@{r@%h@% Jk Ceathen thena%ot U s exAmRle). recycling
stream 254 t% r(eactor 213 becomes m eficial. Wﬁt tﬁ\n |s nI|k i§1 tthls gAternatlve would be

g el
used with the feed (‘évoamrgggl\t?onase? rrrctJ ﬁled% rserl?ma may usefu ?eed co‘rzﬁnosf Bns, such as
a feed contétﬁlH’@Sasi“it?a?tlﬂsﬂﬁg%?ﬁg‘/l@ﬂé%@) WOBiGEre 36?63’&%@%%”@6}@@%%&%%8@ improve
selectivity tdRentettayk 2epenedne. dekitatspitr SR roeii ctionbofitsopseearantd Rrap plengdrow 2-
2-Methyl-2-Remienekiningd By-Metatihesisioh-Bitanaandikthylenedzollewead byMeiathesis of
Isobutylene g 4-BYtGRE. the SXABNIR RIS M@tﬂattogbﬁtena%w%@y% ysediltFxanmple 2. While

Example 2 ytjljz etath Sis regctor for the synt esis of entene from |sobutylene and
1- butene mqgf){a?zg?at’n“ oS A Aok Fl e L (Fm%l?ry ¥ riﬁbwlﬁ%ﬁg"g’r’ﬂf%tﬁ'ﬂene

S i etahests TR D PERIGEHSH Bray
Example 3 &if4ifctirtRBsEpiene Ssaiafiem salyas 136 to fae emeuplelSBreEe S oV ESRRpRIS #35hown in

Fig. 3 and isfdesigmated hst 366. Edeshtraffimatibebinretosam 280 2reontaimingh b mandsatutylene, 25%
wt. 1-buten@eid 2b8sWcdbuipnem WAk Rixed withoathy leharsteam-3edbie Bama‘&ﬁr&te%ttﬁ@m 306. The
ratio of fres@e%étwttefagnd%Q?edtgm%sax@e Eierk) SLEBMAA0S > ?eoo%tf@ MBS asfeg Ip @

metathesis reactor 308 in which rimary reaction proceeded to e UI rium: ethylene + 2-butene
propylene + OIS REREIY T §?tc§t§oeﬂ1i5°t ‘tﬁoéeﬁlseg%rﬁd%l%tsgﬁﬂﬂéﬁé ﬂt?“&l?éatt??é“ré%ﬁ&f '8t &ither
isobutylene $P¥thatehebigith Reler-antl furthise tathesisuisetysereinor ¢-ngnvasionllreéeaettosith ethylene.
The reactoreffurentsireampdtioutontaineda ¥nivtin2ihtere -32%r e tiylear, 2dpwipigebutylene,
12% wt. 1- b;sg,eaﬁtaase A9 WloPERRRRRRY Ak Clirbhedsamtag efflurhtsRam St Balse,centained 4%
wt. 2-methyl-2 é)enten 6% Wt -methyl-2-butene, 1.4% wt. 2-pentene, 0.6% wt. 2,3- dlmethyl -2-

butene, andS O wt. xene from the reactions of isobutylene and 1-butene.

The remamder of the process io obfain 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 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 collected as ethylene product in stream 320. The bottoms stream 322 from distillation
column 316 contained 16% wt. propylene, which was collected as a distillate in top stream 324 from
distillation cgluie34R-rhRRTRRYISHRLS Fikalkahle qlefin Rigdychhhe-bottams pradugt from
distillation colqg%pzSZG %tg% Sfe , C tntalnl 72% wt. isobut Iene 15% wt. 1-butene, and 13% wt.
2-butene plUs Sfins was 1od 1o & metathests reactor% AT SRS |ﬁggv¥8%8tibﬁs proceed
to equilibriufi"1&EBHI8 {8791 2hTHERERLRS NSIHYRINE ISP SRR AR Se ARSI RSGIR I e TirPepentene t;
propylene +efiuysritbiyéan pentie sensobutidtiagon whimtylehetbrg retinylenedighBedimethyitizsbutene
1-butene + t;hi@BaiborihylenrmdvathexenBate strthe teacmtaﬁleﬁa}ﬁﬂaﬁe&ﬁ&%@mﬂ@ﬁg 50% wit.

unreacted Ispfulylsge AQ9-68 W N TRAGIED. Bulen, A8% WL 2 methyl-Zopenterc, 0% 1

2,3- dlmethyl-i-bute e, 7% wt. ethylene, 4% wt. p ene, and wt. 2-me -Lﬁmtgene The
reactor effludiCRHEATS 539 A3 ”z&tﬁ ?6°¥8Weep§'§ff\‘ﬁhé e RiEsAY) ?%%%YF@SEKGM 's sent fo
2,3-dimethydsPigfisreneWere é@fpa‘f’a?é‘éi Gt iRVERecHBRTMSrStréskan 336:rTHee edlayleirrampropylene, C4's,
and C5's wéreycolectatkas glistiliateioretseans 385 randeecyote thincstiean 3bdcio tpawer 346 where they

were furtherrsepar@gad)a%%,vaustx @@@%@@%%&WMQ%@O@ &ﬁr@am&éépémm@ﬁ?ﬂ on Fig.
3,is necessgry, {m /s %rtagllrér}‘jra? %N 4_3%% eorgaitf rom sptu%f%'gnngtﬁ@ T e2 eth umaE)entene and
towe

2,3-dimethy1-2-butene rom he bottom o r In stream were se mﬂher separatlon in
tower 338, Wiers 'tﬁeeeﬁt’Fﬁétﬁﬁf“f {erte e Brodeteniss®mtved as a distillate in stream 340 and
2,3-dimethy1-2- biiterrnva4 sentedvedlisepisoadnieridtrearexBaive distTpronsaindes ohthe ipikocess to
obtain isoprenestieswintssivau atedl daubillustatesthe produstionniisoprans kem steean340, which
contains a high, cofeentiatiap et\%mgﬂﬁga eﬁggﬁnezow@fga%%t@xéo%e%?at%%ﬂo%m $40 undergoes

pyrolysis at,_344 The racke E % |s su ed fo a se aratlo rocess at 348 to isolate

isoprene at a desl'rse%lp purity tevel. caIP HEEED atr%t B Pprdee S HBIRe eRRst SEeraistitation for
the removaPbfifgnte? ﬁ’fa‘ﬁef’?élléo ﬁ)rsé ﬁ%ﬁéeﬁ‘?éﬁtiafhéyém‘l@ﬁtsg@&@ inYreerorfbrersepagate
streams, shewreas B Cinhidgpeditansihea\iies bytprodsitts inistreans. 3824nsorder teoprowida an

isoprene predueidrtieaiths 2A0ERE SlesHRlilY: EXIEACHOBsalseRAR RS LISES, Bitharas Rart of an
extractive distifaion afansssl-ae ArchARSaleR [heaviplyels and.sengralion processgs described

in Examples 1 an 2  are su itable, as well as other processes that wi achleve the geswed purity of the
isoprene protet iré hanfﬂé’eﬁé?ua??s%ﬁa%ﬁé’ \HERPTS B 656t I BasE 5raRe' S ifetiYInS-pentene
content of sf@am 144, It is noted that although Examples 2 and 3 were similar in overall product
composition, Exaniptei&pegeired dherfewesrdistilation tewaessthanakxamgle heeauseghere was no
separation efsiaRuiMeRerdtoR dshrdtene s Lrbsitene, hefr Sntasing g fiialreaciofa hoth of these

cases, asn]]ag[ Rr9e (%rrga%gv J%g (l)rrgrgl gegalagggoc osmons as nga dr T"’I |\é§ 901 smaII

amounts of arafflns that entered with the Tresh feeds. E?(%prenl?’roduc lon of 1sop rene and
Propylene f%ﬁt fﬁsmﬁrﬁd%rﬁéﬁg‘dB‘faﬁt@?J’Wﬂ/l@?a‘?ﬁ@@? G EpiRNetieam 98- %ﬁ?é‘ﬁ@ The
overall prociBe d¢Brantaen ¢ dhroveiyim Piiomr and is generally designated as 400. Fresh raffinate 1
in stream 402 contashingbe8bwicisabetyinngsi2 2k vepatabtHerRean ds2 Mitiidd buiemeowas mixed
with a feCY%@n%ﬁ%@éEo“tQ‘t‘h@%%Qi@%%é)f%’é%‘été’éﬁ{é%t "/@evwwt@bytﬁaﬁﬁﬂ%ewe@evxtd% fyjene to form

feed strea 4 o.of re ycIe f in stream 40 eed in stream 402 is 2.1. Stream 406
was fed tonz}t d9 %ﬂna%c})yrltr %ovlf/tg?%f(?% eér?((a? %o%u?yfg?t’ee v(\:/%‘sgr%f)r%a\'fée i Y RVEITRESS et 410, This
tower differ&fOnFHielfIuRe R heamiants Beart depp rogar: 9 i”élétRféW fRertissebyaRsrie and the
majority of theprrormal Butenebafedakemagbottopnspproduntd Thevtridufttndech ddtamvstrapin 412
comprising bueme-1 and butene-2 was sent to a metathesis reactor 414 where the following

metatheSIS reaCtIOQ%m%gqggdatgagg&l|bl?rb%r %GB&I&Bﬁ prgcgslslg%nf%% beonogglgtnglace Cp%ntene

1-butene +‘t'l -butene LI ethylene + 3-hexene
ustrated separation process to obtain the isoprene product. In general, the fractionation

process involves multiple distillation columns and optionally include solvent extraction andfor
extractive distillation,



ethylene + 2-butene4-2-: propylene + propylene The reactor 414 effluent stream 416 contained 67%
wt. unreacted 2-butene and 2% wt. unreacted 1-butene, 18% wt. 2-pentene, 11% wt. propylene, and
1% wt. 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-
dimethy1-2-butene recycled from the distillation sequence (described below) as part of stream 418 in
order to inhibit the reaction of isobutylene with itself. The following reactions proceeded to equilibrium
in the metathesis reactor 422: 2-pentene + isobutylenel-7. propylene + 2-methyl-2-pentene 2-pentene
+ isobutylenel-butene + 2-methyl-2-butene isobutylene + isobutylene 17J ethylene +
2,3-methyl-2-butene 2-pentene + 2-pentene 2-B%é8tde2 3-hexene 2-methyl-2-butene +
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2-butene + 1-butene 5 propylene + 2-pentene
' 2-pentene + isobutylene & propylene + 2-methy-2-pentene
2-butene + isobutylene S propylene + 2-methyl-2-butene
2-methyl-2-butene + 1-butene & Z-methyl-2-pentene +
propylene

2-pentene + iscbutylene 5 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 aiso contained 17% wt. 2-methyl-2-
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Table 1 Example 1 Example 2 Example 3 Example 4 Fresh Feed Composition (wt. %) Isobutylene
50% 50%

pentene, 9% wt ethytene, 10% wt 2 3-dimethyl-2-butene, and 0.5% wti 3-hexene. The
metathesis reactor effluent stream 214 was combined with a second metathesis effluent stream
216 to form stream 218. Stream 218 was sent o 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-butene-
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% ethyiene and 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 = propylene + propylene

The effluent in stream 216 from reactor 230 contained 16% wt. 2-butene (67% mol.
conversion), 32% wi. ethylene, and 50% propylene product. Stream 216 was combined with
stream 214 to form siream 218, which, as indicated above, was fed to the distiliation column 220.
The bottoms stream 234 from the distiliation 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 to prior known processes in which propyiene is
used as feed to produce 2-methyl-2-pentene via dimerization.

The bottoms stream 240 from distiltation column 236 was sent to a distillation column
tower 242, where the isocbutylene-rich C, stream was removed as distiliate stteam 244, The
distillate stream 244 was divided into recycie stream 204, which was mixed with feed stream 202,
and an optional purge stream 246. The bottoms stream 248 from tower 242 contained 62% wt. of
the desired 2-methyl-2-pentene product and 19 wt. % of 2,3-dimethyl-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% wi.
propylene, 35% wt. 2-methyl-2-pentene, 20% 2,3-dimethyl-2-butene, 6% ethylene, and 1% 3-
hexene. .

The remainder of the process to obtain isoprene was not simulated but illustrates a
process for the production of isoprene from the 2-methyl-2-pentene in stream 252. It 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 piace 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, mainky
isoprene, methane and isobutylene. The furmace effiuent stream 264 is sent to a distiliation
column 266, from which a methane distiltate 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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50% 50% 1-butene 25% 25% 25% 25% 2-butene 25% 25% 25% 25%

column 272, Crude isoprene distillate is removed from the column 272 in stream 274. The
bottoms stream 258 is returned to the furnace 262 as part of stream 260. The isoprene distillate
stream 274 is fed to a distillation tower 286. 2-methyl-1-butene is removed in distillate stream
288 and isoprene is removed in bottoms stream 290. The bottoms stream 290 is fad 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 feed to the thermat
cracking furnace is a purified 2-methyi-2-pentene stream containing 96.7 wt % 2-methyl-2-
pentene 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, olefin content of the initial feed stream, 28 wt % of the
feed is converted fo isoprene, 37 wt % of the feed is converted to propylene, and 7 wt % of the
feed is converted to ethylene, The actual isoprene yield is 50-65 wt. % based on the 2-methyl-2-
pentene content of stream 144.

As an alernative to coliecting the 2,3-dimethyl-2-butene from the bottom of distiliation
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, recycie 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,
canversion draps 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 ratio of isobutylene to
1-butene in the fresh feed approaches 1:1 (rather than 2:1 in this example), recycling stream 254
fo 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 isobutylene to 1-butene, because this recycle stream would

improve selectivity to 2-methyl-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
utiized 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 | in stream 302 containing 50% wit. isobutylene, 25% wt. 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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Overall Feed Conversion (mol. %) 100.00% 99.89% 99.94% 63.01%  2M2P Selectivity (wt. %)
74.83% 34.97%

to recycle C, in stream 304 was 2.0. Stream 306 was Ted to a metathesis reactor 308 in which
the primary reaction proceeded to equilibrium:
ethylene + 2-butene 5 propylene + propylene

It is noted that the presence of ethylene inhibited the reaction of either isobutylene or 1-butene
with itself and further, neithér isobutylene nor 1-butene wilt 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% wt.
2-methyl-2-pentene, 1.6% wt. 2-methyl-2-butene, 1.4% wt. 2-pentene, 0.6% wt. 2,3-dimethyi-2-
butene, and 0.5% wt. 3-hexene from the reactions of iscbutylene and 1-butene.

The reactor effluent stream 310 was mixed with a recycle stream 312 containing primarily
ethylene (8.4% 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 2 top stream 318 containing
sthylene, about 80% of which was recycled to the metathesis reactor 308 in stream 304 for
propylene production. The other 10% was collected as ethylene product in stream 320. The
bottoms 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% wi. 1-butene, and 13% wi. 2-butene plus Cs+ olefins was fed to a metathesis
reactor 330 where the following reactions proceed to equilibrium;

isobutylene + 1-butene 5 ethylene + 2-methyl-2-pentene
isobutylene + 2-pentene & propylene + 2-methyl-2-pentene
isobutytene + isobutylene = ethylene + 2.3-dimethyl-2-butene
1-butene + 1-butene S ethylene + 3-hexene

The reactor effluent stream 332 contained 50% wt. unreacted isabutylene and 6% wi.
unreacted 1-butene, 18% wt. 2-methyl-Z-pentene, 10% wt. 2 3-dimethyl-2-butene, 7% wt.
sthylene, 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, C.'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
paraffin from the system from buillding up. The Z‘methy§-2-pentene and 2,3-dimethyl-2-butene
from the bottom of fower 334 in stream 336 were sent for further separation in tower 338, where
the 2-methy!l-2-pentene product was removed as a distillate 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 iHlustrates the
production of isoprene from stream 340, which contains a high concentration of 2-methyi-2-

pentene. The 2-methyl-2-pentene stream 340 undergoes pyrolysis at 344, The cracked stream

13



35.13% 58.04% 2M2P Yield (wt. /0) 74.83% 34.93% 35.11% 36.54%  C3 Selectivity (wt. %) 0.04%
37.15%

348 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 Cs, in one or more separate streams, shown as 350
in Fig. 3, and heavier by-products in stream 352 in order to provide an isoprene product stream
354 of the desired putity. Extraction aiso can be used, either as part of an extractive distillation
process or as a 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 siream. The aciual isoprene yield is 50-85 wt. % based on the 2-methyi-2-pentene
content of stream 144,

It is noted that although Examples 2 and 3 were similar in overall product compaosition,
Example 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.

Exampie 4
Production of isoprene and Propylene from 2-Methyl-2-Pentene Obtained By

Metathesis of Isobutyiene and 2-Pentene

The overail process of Example 4 is shown in Fig. 4 and is generally designated as 400.
Fresh raffinate [ in stream 402 containing 50% wi. 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 siream 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 distiliate in stream 410. This tower differs from previous cases in that the overhead
product is relatively pure isobutylene 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 reactor 414 where the following metathesis reactions proceeded to equilibrium:

1-butene + 2-butene 5 propylene + 2-pentene

1-butene + 1-butene = ethyiene + 3-hexene

ethylene + 2-butene 5 propylene + propyiene
The reactor 414 effluent stream 416 contained 67% wt unreacted 2-butene and 2% wt.
unreacted 1-butene, 18% wt. 2-pentene, 11% wt. propylene, and 1% wt. 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 alsc contained 37% wt. 2.3-
dimethyi-2-butene recycled from the distiliation sequence (described below) as part of stream 418
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37.39% 32.63% C3 Yield (wt. %) 0.04% 37.11% 37.37% 20.54% 02 Selectivity (wt. %) 24.97%
6.48%

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

2-pentene + isobutylene 5 propylene + 2-methyl-2-pentene

Z2-pentene + isobutylene =5 1-butene + 2-methyl-2-butene

isobutylene + isobutylene 5 ethylene + 2,3-methyi-2-butene

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

2-methyi-2-butene + isobutylene & propyiene + 2,3-methyi-2-butene

2-methyl-2-butene + 2-pentene & 2-methyl-2-pentene + 2-butene

The effluent siream 424 from the metathesis reactor 422 contained 42% wt. unreacted
isobutylens, 8% 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 stream 424 were combined fo form stream 428, which was fed to a distillation column
428. Propylene and ethylene were removed from the distiliation column 428 in a distillate stream
430, and the botioms stream 432 contained the Cys, Css and C; 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 Cy'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 bottoms stream 438 was fed to a distillation column 442 in which 2-pentene
and 2-methyl-2-buiene were removed ih a distillate stream 444 and the branched Cs's were
removed in a bottoms stream 446. The botioms stream 446 was fed o a distillation column 448
in which 2-methyl-2-pentene was removed in a distillate stream 450 and 2,3-dimethyl-2-butene
was removed in a bottoms stream 452 and combined with stream 444 to form recycle stream
418. Recycle stream 418 containing 2,3-dimethyl-2-butene was combined with stream 410 and
fed to the second metathesis reactor 422 in order to inhibit the reaction of isobutylene with itself.
The remainder of the process to obiain isoprene was not simulated but illustrates the

production of isoprene from stream 450, which contains a high concentration of 2-methyl-2-
pent@ne; The 2-methyl-2-pentene sfream 450 undergoes pyrolysis at 454, The cracked stream
456 is subjected to a separation process at 458 fo 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 480
Fig. 4, and heavier by-products in stream 462 in order to provide an isoprene product stream 464
of the desired purity. Exfraction also can be used, either as part of an extractive distillation
process or as a 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,
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6.33% 8.81% C2 Yield (wt. %) 24.97% 6.48% 6.32% 5.55%  Overall 2M2P+C3+C2 Product
Selectivity 99.84% 78.6%

The resuits of the four simulations are summarized in Table 1 below in terms of overall
molar feed conversion, weight setectivity and yield to the desired 2-methyl-2-pentene product.
The selectivity and yieid of ethylene and propylene byproducts also is shown.
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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 04 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 amounts of each product obtained are comparable to the results
of Example 2. Itis noted that Example 3 is useful fox.g.\yide variety of 04 feed compositions. The
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The process of Example 1 is particularly useful when no propyiene 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

with a different fractionation/reaction sequence.

comparable to the results of Example 2.

C, feed compositions.

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
The amounts of each product obtained are
it is noted that Example 3 is useful for a wide variety of

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 wili 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 thersin 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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5. The process of claim 2, wherein 2-butene removed from the isomerization reactor is separated from
the 1-butene and recycled to the isomerization reactor. 6. The process of claim 1, wherein the mixed
04 metathesis feed stream is formed by obtaining a mixed 04 stream containing isobutylene, 1-butene
and 2-butene and separating the mixed 04 stream to form a 2-butene stream and the mixed 04
metathesis feed stream. 7. The process of claim 6, further comprising reacting the 2-butene stream
and ethylene in a second metathesis reactor to produce propylene. 8. The process of claim 7, wherein
the ethyleng\thatdsteagied with the 2-butene is obtained from the intermediate product stream. 9. The
process of cIaiR187, wherein unreacted ethylene is recovered and recycled. 10. The process of claim 1,

wherein the1r'n|x TEX HeBiREsis feed stream is formed by reacting a mixed 04 stream and ethylene

in a second metatfESE BBt GOBtiRet rietdiess proaivrsirebiyeonmrsiiepethyterid; propylene,
isobutylene taitrhd abd & pentensdreeivingg tie asha porticnpodshre ethy e serenchpsspylans to form the

mixed 04 metadhesigiferdsstieannto dbalhapiaseasurtciaim.d hsreihriRehutylese for the first
metathesis fesdhaiieanmnepianad by seRaighng. 2 ixeg 04 fesd sheam-bobial an sobutylene

distillate and a bottoms stream comprlsm? utene an utene. e Process of claim 11,
further comHSiRG PEh ARG B hutTheMFraa AT PP RE¥SNd metathesis reactor to form 2-pentene and
propylene. 13. Theeprirtiegsnefiarin/iZ2pdotttr comprising separating the 2-pentene and recycling the

2- pentene to the mikedtifnetathasisieetairermentdo FheyRrOREssRESRIBAdNWheseln the first
metathesis g@@ﬁp&m@,@%gpwgp@d catalyst. 15. The process of claim 1, wherein separating the

isoprene includes a cog%pln%tlon of frac}ionation and extr?ction. 16. Thetigrocess of claim 1, wherein
C

the intermediate product CONTAINS at Teast 40 Wt Ta 2 Hethyi B Ntald BASAH Bon the olefin content of

fresh feed. % 7 "PHECHFETRSINT aThsrEiniitdrérthemetitietie fredairamte P iRad e Retaictige distillation.

18. A processedymtisang containing isobutylene, 1-butene and 2-butene and removing at least a portion
of the 2-butene, isomerizing the removed portion in an isomerization reactor to obtain additional
i-butene, and combining the additional 1-butene with the mixed C, siream o form the mixed C,
metathesis feed stream.

3. The process of claim 1, wherein the actual yield of 2-methyl-2-pentene prior to pyrolysis is 30-
70 wt % based upon the C, olefin content of fresh feed.

4. The process of claim 3, wherein at least 50 wt % of the t-butene in the mixed C, metathesis
feed stream is obtained by isomerizing 2-butene in the isomerization reactor.

3. The process of ciaim 2, wherein 2-butene removed from the isomerization reactor is separated
from the 1-butene and recycled to the isomerization reactor.

8. The process of claim 1, wherein the mixed C, metathesis feed stream is formed by obtaining a
mixed C, stream containing isobutylene, 1-butene and 2-butene and separating the mixed C,
stream to form a 2-butene stream and the mixed C,; metathesis feed stream.

7. The process of claim 6, further comprising reacting the 2-butene stream and ethyiene in a
second metathesis reactor to produce propylene.

8. The process of claim 7, wherein the ethylene that is reacted with the 2-butene is obtained from
the intermediate product stream.

9. The process of claim 7, wherein unreacted ethylene is recovered and recycled.

10. The process of claim 1, wherein the mixed C, metathesis feed stream is formed by reacting a
mixed C, stream and ethylene in a second metathesis reactor to obtain a metathesis product
stream comprising ethylene, propylene, isobutylene and 1-butene, and removing at least a
portion of the ethylene and propylene to form the mixed C., metathesis feed stream.

11. The process of claim 1, wherein the isobutylene for the first metathesis feed stream is
obtained by separating a mixed C, feed stream to obtain an isobutylene distillate and a bottoms

stream comprising 1-butene and 2-butene.
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reacting a mixed C4 metathesis feed stream comprising isobutylene and 1-butene in the presence of a
first metathesis catalyst under conditions sufficient to produce an intermediate product stream
comprising 2-methyl-2-pentene and at least one of ethylene and propylene, fractionating the
intermediate product stream to form a 2-methyl-2-pentene stream and at least one of an ethylene
stream and a propylene stream, subjecting the separated 2-methyl-2-pentene stream to pyrolysis
to produce a reaction product stream comprising isoprene, and separating the isoprene to form an

isoprene progluet SlSAM.UsingfrRigRAlIABm H and NERRRES AL ARINLLA, wheseindhe mixed C4

metathesis feed stream is form%d2b obtainlng%a ixed C4 stream containing isobutylene, 1-butene

and 2-butenmeegﬁht?sr'5rrr?8?}fﬁd°a eds %1%8%?6'% PIHE Z-butene, isomerizing the removed portion in an

isomerizatidl-ré 88 R5PIESBBtaIFAddifisar 1epatsine saPrIatB By tre aeitieyaline-h6téne with the
mixed C4 stregemete tbemitled MixethGebinfetathtesis feed stream. 20. The process of claim 18, wherein

the actual yieldhat 2reesbykd-nfAtane-BH e r-RyFelNeis IS 3B IhdaRRM UnPR:HAeC4 olefin
content of igsh /gl 21 A DIACEIR SAMPIANG, e SAEHND AMXEA Mplalpesis feed stream

comprising isobutylene and 2-pentene In the presence of a first metathesis catalyst under conditions
sufficient to FOBAIELIN f#EFATEate product stream comprising propylene, 2-methyl-2-pentene,

ethylene, 2, Bidirhethycese-piteinelanbereb e ittemediatoprasstingg thén srabpard diawe ‘protiettystream in a
multi-stage frpaitenabipripeess t=formndea-onetlylkpentene stream, a distillate stream containing

ethylene ang; proRYIRREs A and SuALRGHNEL2TUHERE SILRAM using SHRIRRINGTRG S eparated

2-methyl-2- gn&ene stream to p rolysis to produce a reaction product stream comprising isoprene, and
- . . rocess Co MSing. . . . .
separating the |58prene into an Soprene product stream using fractionation. 22. The process of claim

21, wherein the isSTHVRAS MRSt Ts PERE{FES S5RRENRPRS BB ISFREY T ARALIGHEARY & hixed 04 feed
stream to obtespnan dbahigtytetrthdititiatty stnddeiyotiditiesssirdaiencompdsimgriibertestiegnd 2-butene.

23. The progegscobitdaimsrpitiffeheamRrising aoadus e doreetalingsie Bagienehdhe bottoms
stream comprising,;iang AR AIIEIE JRJpEribs-Aeniene aiihs Bliek Qfdardaltgam. 24
The process of claim 21, wherein isoprene is separated using extractive distillation.
ieast one of an ethylene stream and a propyiene stream,
subjeciing the separated 2-methyl-2-pentene siream fo pyrolysis to produce a reaction
product stream comprising isoprene, and
separating the isoprene to form an isoprene product stream using fractionation,
19. The process of claim 18, wherein the mixed C, metathesis feed stream is formed by
obtaining a mixed C, stream containing isobutylene, 1-butene and 2-butene and removing at
least a portion of the 2-butene, isomerizing the removed portion in an isomérization reactor to
obtain additional 1-butene, and combining the additional 1-butene with the mixed C; siream to
form the mixed C, metathesis feed stream.
20. The process of claim 18, wherein the actual yield of 2-methyl-2-pentene prior to pyrolysis is
30-70 wt % based upon the C, olefin content of fresh feed.
21. A process cemprising:
reacting a mixed C, 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-methyi-2-pentene, ethylene, 2 3-dimethyl-2-butene and
2-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~
dimethyl-2-butene stream,
subjecting the separated 2-methyl-2-pentene siream {o pyrolysis to produce a reaction
product stream comprising isoprene, and

separating the isoprene into an isoprene product stream using fractionation.
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- 25. A system comprising: a first metathesis reactor configured to react isobutylene with at least
one of 1-butene and 2-pentene to produce 2-methyl-2-pentene, a second reactor comprising at
least one of an isomerization reactor configured to isomerize 2-butene to form 1-butene, and a
metathesis reactor configured to react 2-butene with at least one of ethylene and 1-butene to produce
propylene, a first multistage fractionation system configured to produce a 2-methyl-2-pentene
stream and a 2,3-dimethy1-2-butene stream, a pyrolysis heater configured to crack the

2-methyl 2 BEnteRBALRGNERISPIFRR AR Mk NI RGRIDENR: UM, o.oc R TR NISIE0

fractionation system configured to separate isoprene from the other hydrocarbons. 26. The apparatus
of claim 25,3 rg??é?ﬂa?ﬁ]g %%néﬁer‘? fefg%(%’}f?sa %ﬁoistdtﬁ’l”eﬁ%*asﬁgﬁt%%%fjésrﬁg?‘é LR FEPned therein is
fed to the it AEtAthEEILeRERADFEPYIP S he apparatus of claim 25, wherein the second reactor is a
metathesis E8adtur wortig ufetito 22duttiinsrepraing ttoethstien e apdtpsaducetpropyhenetcad. The
apparatus oftelainiwhereinhe secopddeasterisia mptathasis irasiosLenfigyred o react 1-butene

with itself ang 2rpulene 0Jig eS3¥ISRe. PIOBYIEIE Nd Z:BENIEDe, ANML0fegel 8 portion of the
e _

ethylene produced therein with 2-butene to produce propylene. e apparatus of claim 25,

wherein themuliEEGR FPRRTSISton section includes at least one extractive distillation column.
a first metathesis reactor configured to react isobutylene with at least one of 1-butene

and 2-pentene to produce 2-methyl-2-pentene,

a second reactor comprising at least one of an isomerization reactor configured to
isomerize 2-butene to form 1-butene, and a metathesis reactor configured to react 2-buiene with
at least one of ethylene and 1-butene to produce propylene,

a first muitistage fractionation system configured to produce a 2-methyl-2-pentene stream
and a 2,3-dimethyl-2-butene stream,

a pyrolysis heater configured to crack the 2-methyl-2-pentene to produce isoprene and
other hydrocarbons, and

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

28. The apparatLrs of claim 25, wherein the second reactor is an isomerization reactor and the 1-
butene formed therein is fed to the first metathesis reactor.

27. The apparatus of claim 25, wherein the second reactor is a metathesis reactor configured to
react 2-butene with ethylene and produce propylene.

28. The apparatus of claim 25, wherein the second reactor is a metathesis reactor configured to
react 1-butene with itself and 2-butene to form ethylene, propylene and 2-pentene, and to react a
portion of the ethyiene produced therein with 2-butene to produce propylene.

29. The apparatus of claim 25, wherein the muitistage fractionation section includes at least one

extractive distillation column.
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