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OLEFI N METATHESI S BACKGROUND OF THE | NVENTI ON Fi el d of

the I nvention The present invention relates to a
wEe@oos®7f or the nmetathesis of ol efins. More PCT/US2005/028943

particularly the invention relates to a process

including the preparation of purified netathesis feed.

More particularly the invention relates to a process

wherein the catalyst is part of a distillation

structure and the products are sinmultaneously

separated fromthe r@AEFANIMEIAdHERI® ot her by
f ' | distd ' i Hn. Rel d
ractional di St@ﬁ%@mg?%ﬁwﬁgmm‘lw el at e

Art Broadly ne een defined as a chem cal

. Fietceatthiedlmvientiomni ch an el enent or radical in one

co nd changes,.pl aces wi th anot her ele ar .
¢ et BEPreseTLINEREPN (IS na Pragsssie N ekgaes gholefins. More
i Stihs (D ; , -
pa%é?r@ 628 él%eg"gi'oﬁr]@fa)(es t aﬁﬁc@@@"c%@ﬁ@nﬁ?é{paﬂaﬂén of purified

) . More specificall at hesi s
metathebis feefli Mdareagartinelarlg dhstinvenionomelaies & layprodess wherein the
leties to.giv i xtyre of olefjns. | ffect,. this
catpBisf i drpt tes Grdlelot; 4o, 258 b predlsierds sigiipleously
sepRBted GOREH r¥adthsts’ &8¢ lda@Asothbr Bl etadtiohaBitifitli®$ dufing the
the presence of netal -containing catalysts to produce
reagtinr ol efinic nol ecul es are known in the art as
rdisprpportionation", "dismutation"” or "mnetathesis"
Relrag%é%rgns_ The netathesis reactions generally are of
conBrelgtlabhetatidsis eob lrradetned ashe chensed!irebtior®in which an
the reaction and the nunerous ol efinic hydrocarbons )
eleﬁﬁitl%lﬁ@@cﬁr'ﬂﬁﬂﬁépm‘ﬁ RNges s Wil anptherelement or radical

_ . | e g . . .
n SHBIRP, SoBoyfoe S0 ol 08F {0 A O firBhonay. . vn
NoétrehdtGwapsnygfingr (1)953,6[1_58&33/%631. Mareldpeciicallpdladid metathesis can
o BT B SR o sk i gt S s
In SFQHUGRs ReelPBER iked- SR8 cleddage-of R olehif -doﬁbyé)lg@ﬁd.lfléfenerally

(sinmul taneous di sproportionation of butene wth itse
thet reagtions of oketfinid motecotespindp gl seserredohmetaleontaining catalysts to
ntenes and.f.ractjonal distillation): apd U, .S . Pat. "
oo e 085 58 b BRI R Erenbn gt it $h¢ E BsoigishtgpBitionation”,
"diSepetRIn" @7 "Metdthasitt psttiodsstil lation to

The metathesis reactions generally are of considerable interest because of

the versatility of the reaction and the numerous olefinic hydrocarbons available from
petrochemical sources which are suitable for use in the reaction to yield useful
products. See, for example, U. S. Pat. No. 4,046,832 (metathesis of propylene with
itself to produce n-butene and ethylene); U. S. Pat. No. 3,702,827 (the metathesis
of 2-methyl-1-propene and 2-butene to produce 2-methyl-2-butene); U. S. Pat. No.
4,709,115 (simultaneous disproportionation of butene with itseif to produce ethylene
or propylene and hexene or pentenes and fractional distillation); and U. S. Pat. No.
6,583,329 (concurrent metathesis reaction and separation by fractional distillation to
produce: (A) propylene from butene; (B) detergent range olefins from the metathesis
of Cy5 and heavier olefins with Cq and lighter olefins; (C) 2-methyl-2-butene and

propylene from the metathesis of 2-butene and isobutylene; and (D)
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produce: (A) propylene from butene; (B) detergent

range olefins fromthe netathesis of Cl5 and heavier
wob@biosms7ivi th C9 and |ighter olefins; (C PCT/US2005/028943

2-met hy! - 2- but ene and propyl ene fromthe netathesis of

2-butene and isobutylene; and (D)tetranethyl et hyl ene

fromthe netathesis of isobutylene with itself and/or
tetrfalmeeth?led’iyl@me fronmthe smdtathelsesef lwtmyleney\ﬁtdariksetf anpdfartheraction

2/\/ T ?the s of e Ieevvith n- but ene
of @ 5O DTS WInGITVIERE 1 BT dee (REHOTEI: & Pt Ko
5, 02Re PtatdSYLEthyIhS At hibugsid @pt?fdu%é%&ﬁyﬂ@n@“é ?l"sclosed

to the metathesis reactlon can be quite diffi
in PYurse Ratbien® 026,936t tlomeves thedpumfmaj@nocbf B@H@@l@@@r to the

mefifebBragCtcEAthe b fie ol Y pMEL2blEnelts 3} fagt 'a Wit range
of %hﬁbuuétstsﬁ-e%ﬁhé@ah@@r&m NpeensRificyi oaalst RUsHorihed. The
i enes, water, sulfur, etc. These contam nants

metathpeisreauires thabinedaed plefins be pietreateddaremyye contamigants such

oo BB RO . TR SO OB P B R o

catahystt ene eﬂlﬂddVéTﬂa?me&hélm@sém neeatieshst plovities an integrated
et hyl ene to propyl ene is a further advantage that

Proggsy et Wﬁanecgt/@r;y ofhighgurity ZBrianesapd Hraesanyarsipndysmetathesis

L 3oR e, 1Y SRR BRaR AL pRENEE o i e
integreteshprocess powidesgreifitation efgult ecb mpocedssarddpolydiefins from the

5. tathesis of 2-butene and ethylene to produce
bﬁ Pl ene are feeding a C4 stream contai ni ng

| sobut ene, i sobusyMMARYEIFETEEAR Y PUsigne to (1) a
process for the isonerization of 1-butene to 2-butene

andTbe puingipad elernents of 2he pragent un’cegtaéeqb peaassdontheametathesis

of SRLtfd a0 BNIERE I SPErEceyS bred Tl 8 Crstboapp cgtaining

isoBfifetet ﬁeﬁbme’inﬂbﬂﬂen@farﬁvﬂbgm toqNY atdrecesy o & Momerization
distillation of the isonerization product to recover

of 4-ifeeadoad-tbene mndaperaredan ref thee eré‘ét@O@rlédth@ pirsenee of a

panIt QHﬂaﬁenepﬁ{)H%ﬁ%d 85taw§? ppé?ﬁéar%g %ftlllgt &#@8@8 ¥V' [.Injéferably in

e prese ES S Ca

thevmesebae pf apffestuatingfamomet.of Gye rcsgém@m&hé cohcmrhent dns‘ullatlon
present invention relates to essentially a three-st

of H?%d%%@emﬁ%tm Predyst Xedraspyen capuisner as dotiames apd geedlng the
rec'o‘vEFEéj b 'b‘t'J‘t@hé rt%gf BpRRREL i th & Ak BIHAS RS A B GG with ethylene in

but adi ene
the presence of a metathe3|s catalyst whereby propylene is formed.

One embodiment of the present invention relates to essentially a three-step
process wherein a mixed hydrocarbon feed, such as a light fluid cracked naphtha,
containing butenes, butadiene and Cy's, is first fed to a C,/Cs splitter (debutanizer)
which removes the dienes and mercaptans by first reacting the mercaptans and
dienes to form higher boiling sulfides. The remaining dienes are saturated to mono
olefins. In the second step the C, stream is fed to a 2-butene enrichment column
wherein the 1-butene is converted to 2-butene and the 2-butene separated from any
isobutene by fractionation. In the final step the 2-butene is fed to a metathesis

reactor along with ethylene wherein propylene is formed via the metathesis reaction.
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1S, is first fed to a C4/C5 splitter (debutanizer)
whi ch renoves the di enes and nercaptans by first
WO e@echiggl t he nercaptans and di enes to form hi BPEEDS2005/028943
boiling sulfides. The remaining dienes are saturated
to nono olefins. In the second step the C4 streamis
fed to a 2-butene enrichnent colum wherein the

1- bPrefeealls afl of they wations%fémameel qutdh bhitstPation eoleumn reactor,
separated from any i t ene ac ionation. In th

i SO
that jsn aq?acé'p@@rt%@aéﬂ @'#Fé'ﬂ?‘%oﬂ e t eReopTedHEls AT roar ied
out%loﬂegrrléhﬂ m%@ydlﬁﬂl%tl%%Bgr@? (Fgag)gﬁl \ﬁﬂﬁe'n'g He%ééfﬁ@lsf’ i3y be in the

nmet at’hesi s reaction
formetacact ess distllatpnrstedtuetoripartofd distillatinn siruaoieuomalternatively

rea t hat n and fractional 'siI ation.
00§ XYt HEh Res ogREth b Ao PBRES, BBl localet Wiin the
d|sfHFH’ﬂ|6Hrdo%%theb6to‘ifhe distillation colum reactor

wherein the catalyst may be in the formto act as a

di stillati onBRIEGIPGEE PT@NtOBfT"isE BRAWING i on

fggﬁlﬁéﬁ ?H%ﬁelg ngﬂ%glﬁi@b\ycp er ané?‘rIl ?lg%b;o:dlrﬁaﬁ ttﬁ%t |llu§thates the

uselbBtathlyat idwstilledbn oy alB@fCth@rstepﬁ?inEtﬁema‘E@Fﬁlo%Tl ON OF THE
DRAW The FIGURE i s schemati ramof an

embodi nent DEVAILED DE%IEJIQN@EST&%WM T'@tN c

SR AR PP SHRTRTB S PS8 aton o

ethytaaenepmddﬁddutene cp)frefpra{mybemnbgs trhrestwsr:m‘hem S reaction

of h ne with 2-butene er.abl rJ se

2t oy TopaMeaydried ARdRy I BEdn SreP GBS -bulEg?-butene
an&oﬁbﬁwﬁrﬂa@ tb- *%Ptf?r%fv‘ didtildicRN & oRitn| $@§’é{bﬁn80cﬁt9|rﬁhd Il §Sbed of

di stil'lation colum reactor containing a
hydrgooiesmation zatalpst; cat al yst (b) concurrently in the

por B ofPriad i g Bt T80, Bhatr ey | < "0 °
separ at i fjg iddHerziRY EREHiON oRthe PIHLEAR: RNDIMIEEE shieam

fromthe |sobutene by fractional distillation; (c)
r emovi ng(ii) Iseparajincetie 2huiaiieetd 8 t-bulenereniches stréasn from the

sof R e PERaRER L o, o5 L3t Pt L
col @Wyreheadh@the2-suténe ghriched stream from the first distillation column
reactor as a first bottoms;
(d) removing the isobutene from the first distillation column reactor as a first
overheads;
(e) feeding said first bottoms and ethylene to a second distillation column
reactor containing a bed of metathesis catalyst;
(f) concurrently in said second distillation column reactor,
(i) reacting a portion the 2-butene and a portion of the ethylene in the
presence of the metathesis catalyst to produce propylene, and
(i) separating unreacted ethylene and propylene from unreacted 2-
butene and heavier material by fractional distillation;
(g) removing the unreacted ethylene and propylene from the second

distillation column reactor as overheads; and
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over heads; (e) feeding said first bottons and et hyl ene

to a second distillation colunm reactor containing a
whedonidemet at hesi s catal yst; (f) concurrently PCT/BE81005/028943

second distillation colum reactor, (i) reacting a

portion the 2-butene and a portion of the ethylene in

the presence of the netathesis catal yst to produce

pr o) esmeoviag thd unjeattedRaiutane and éeaiied neateyibeinemahd second
propyl ene from unreacted 2- butene and heavier

dlsﬁﬂﬁ‘t@ﬁ eRlumyp repgtariasaFeernd POt on; (g) renovi ng the
unr ¢gct g %Hé"?r'ée re%l PYABB8 Bu g@? Ws of catalytic

di st %I ation co react r as over

distiamn. ngnt aecaialyélacdleﬂllemdmuti@n,eﬂmnctﬁh@as'h eervest 8si aldistillation
fromthe second distillation colunn reactor as a

CORRBRRAL bot t ons. The reactions are preferably carried

out TH@@taWB%bté&’W i®forértadlytd %oﬁHp‘Hn'ehk i PRYistliBLidn system
catalytic distillation, i.e.,"the catalyst serves as a

fungtisninglasthash aceaiplyatand cnst;llai@tna»qahrtg ivat, & pagkingfor a distillation

o558 P LSRR Bl P R PG 5 ol o

sa@@iel] iels, irre@ularasinestk] e prlralsjpétkéd Rt b2y (@ @'d@ﬁmbed inU.S.
having both a distillati on function and a catal yti

Pat.uNet fa#2,94), OxiARI @ oFillsgs scer. dslicyalads polymer foams (the
colEe Gl §F ERL oA iy BT RmiBTaETsg 25" iAo Buse i
pr@slulfé lsircms groegnshe rostdr?]mlo%ato’slaldembskejmel’gnged?fsuéh lae in chunks or
ce ular structure o t oans . nust e Su | en .
congaNIEAten tbehdp I Naee” P EnonrBss R Ry BROIRS addle reaction
syétEFh 69h W RS pW r%&eﬁf %ﬁBG@%’ln&#ﬂ}fb @éta}ly"stCrEHiﬁﬁ% Qr distinct

concentration tubes to al ow vapor ow) honeyconb
entitynol i t hs. The reaction system can be descrl bed as

h h |
ont 178 e Bldton Pafis? drEbiols T dabBt Sipb(Req us. Pat
No%353130584§y@39213(5%e%nﬁ £215a1) Mafch Proldd@eS46t both reac’uon and
2,356; and 4, 215 1) mhlch provi des for both

dlsm&aian emmcyrrently mthelsamaf@aﬁtﬂﬁcaiﬂea;aﬁm part withinghe gatalyst system.
T R RO OaR T r e Al b B Bl b B Rbion and
distiaean o&dulr in eaaibimaticnebaction-distillation structures which are described
in several U.S. Patents, namely U.S. Pat. Nos. 4,242,530; 4,250,052; 4,232,177,
4,302,356; 4,307,254; and 4,336,407. Additionally U.S. Pat. Nos. 4,302,356 and
4,443,559 disclose catalyst structures which are useful as distillation structures.

In addition to the catalytic systems described above, reactive distillation
systems such as those disclosed in U. S. Pat. Nos. 4,536,373, 4,774,364, 4,847,430
and 5,510,089, which are incorporated herein, may be used to carry out the present
process.

The particulate catalyst material may be a powder, small irregular chunks or
fragments, small beads and the like. The particular form of the catalytic material in
the cloth pockets is not critical, so long as sufficient surface area is provided to allow

a reasonable reaction rate. The sizing of catalyst particles can be best determined
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distillation occur in combination
reaction-distillation structures which are descri bed
wo poosewesral U.S. Patents, nanely U S. Pat. NosSPCT/US2005/028943
4,242,530; 4,250, 052; 4,232,177; 4,302,356; 4,307, 254;
and 4, 336,407. Additionally U S. Pat. Nos. 4, 302, 356
and 4, 443,559 discl ose catal yst structures which are

for Ha&H Hlata%ﬂlc@héiérial Qém&f‘tlfé POk Y ©8 avhiladditbiren sugfatberea will
catal ytic systens descri bed above, reactive

varyifandifferent siatejaianesoicriisaafferbibe antyily othe patalyticgnaterial).
Pat‘glé\&\%}llléltﬁ@c%l%ﬁ reéctu%gﬁg)dehappr%é%'té@% g@ﬁaﬁi %%ﬁgor phase

are | ncorpora

and: 3bMme tigtidt prages esein apyo«tnet;lhatlo"ﬁhe Tibeer Buca;é%st ef the concurrent
at al yst mater.i al

distiipiiaRy a6e feRLlAR n?%p'%éﬁﬁl fe ggﬁgﬁ : Wlﬁéﬁdﬁfrﬁ%ﬂﬁ@ principles
assB@faﬁé&Mtﬁ"dlsfhﬂémrpfF lFéTe?é@atL%bXﬁé Feé@ibﬁﬁé éécd rﬂn{; '&@néu &My with

ockets 1s not critica on as sufficient surface
dnstaiaean; memmahrdamqmpradum agie r@aem&om the seadtiom zoneas quickly

as g&?e%sll zI g%f %tgﬁlu gqs%:ltclg%iqs i QPP?e Qpﬁlgé thg demperature of

rea@@ér?%' édht@'neawluhélbbmng rpbﬁ{twthesmm@@%tah@@ywem pi&gMre. The
for different naterial and of course affect the

headof reaatipnaimplyecreatealmperedboiet iviny . inarasaistamperaiwg. Third,

AP Pl GG bR v
remd\@dSaret essndtfconiith LRe e rreestsedicatiin ﬂlé@tﬁetah&'s Pnnmple)

reaction Pproach lies in an understandi ng o
pri A ppesdl, agsest deal @f gpokolhver the e oh reaf,tlpgitand distribution of

progﬁsgufﬁapg%cﬁ?&%ﬁ' t3Pr tq'?ﬁ’tﬁflﬁ;fhre é%t&ﬂ:ﬁ}gééﬁ‘ét 'KISW‘ B8justing the

ron, the ini act’on prioducts” ar
thrm@m&dre‘mdrrndehtaneequd drourlynspaas wrlocikl ™y gﬂ\seqoﬁfrmenlcemtrol of

d b t bai | t.h
ProB AR bUEn GndrEare 6f CPOVRGIT 9 MBI BGS B LA | ng
p?' Tihe Pémb@f%ttﬁ?e"iﬁLér&sﬁﬁatfotheco?l)(&hqgéé‘tb?%sé'ét%rmﬂ& B¢ #He boiling

reaction sinply creates nore boil up, but
poinhof treskguic mistue Pacserd . at Eniyrglyen peessemet i1he teasperature in the

d b t
lowgR e e buL H R BIRRO 0 EoR MERT BF s aspLElBt partof
thel @AGthhowh(chefh dediyiesr thafthé@ el dihehds thati, @8 bbiistadt pressure a
gr eat deal of conttrol over the rate of reaction and

chafigstin theiteneperefurg obthesgystar indieatas Rickapae Bythescgmpasitiap in the

r
col P HEHEN FEIR Berdlidmeiealieddoidindd | PipRBre contro
in thericaetios eoheas teds prfedteet b;dlaStmartgﬂ Imprmdr@telgy #eredsing the
conversion to netathesis product nperature in a

pregeyia, thetsropeedyret th@ﬁ&%*@m |Sslna@aé?§1 a@a Vigp \tanga.
boi hirBglx is preferably included in the system. The reflux ratio could vary over

the rate 0.25:1 to 33:1. In practice, the higher ratio may be used to compensate for

a short catalyst bed such as required for experimental work. In commercial size units

the catalyst bed would be provided so that lower reflux and hence higher unit
productivity could be obtained at lower operating cost.
Removal of Contaminants

The preferred process for the removal of mercaptans and polyolefins (such

as dienes) is by selective hydrogenation combined with thioetherification. The light
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point of the liquid mxture present at any given

pressure. The tenperature in the | ower portions of the
w@odoan¥veni | | reflect the constitution of the nMeCEURENS/028943

in that part of the columm, which will be higher than

the overheads; that is, at constant pressure a change

in the tenperature of the systemindicates a change in
craiched craphdisa streami whichéds ceedras. thécfeedjzmgminhé)4 to Cg components

t t r re ch Te r at
T B SelBSteDn IR BIE S MeSPRTHIAG (UEHBST 8hdbgolyunsaturated
d|81@ﬁﬁ9ﬁalbﬂ %ﬁﬁ%m’o‘? anuritd 6f SRShBe:H §n§r?ﬁ§ Hgﬁtcrééﬂ?ﬁha is fed to

nperatu e In the systenlls I NCre sed
a d@btﬁamzﬁrr\elﬁmbxla 8 fpa@fmmlgtlllamohud@dmm tm trenxyet &t portion

corgnif et s Rt hido&r by fiad Rieleiaie e Dy fanes 434dd G, and tower
boifiegneaass {© assch/émeacﬁci aloret eb\%@bdﬁﬁéﬁt @ﬁtHeeﬁkés"efh@ invention
f or experi nen a wor k In comrercial size units the

Utl[@ﬁamﬁstuw@d aitipe oe the slahwéanizer tpaeacbwebstestialix all of the
d
RS B PO SuPerES) Yoy Ry i B naphine
Wlthreebeﬁroﬁdofﬁhéa:&tsléﬂfﬁ@to fore sefidealvhidh awmghbabémagdhan the Cg
yol ef i ns &S”Ch as dlva]nes i s by selectjve
fraﬁw eeRirLING he-yRiened Wiighatefieddp fas ﬁthezf@fsaw angyer alkylation
unit ?Héc‘sfuﬁﬁﬁdatrgﬁ‘g@wéd SETRA mﬁ&ﬁhﬂh% dé%@@'arﬂﬁ F&ﬁu:fngﬁa‘i'ong with

cont ai ns conponent s 6 SAturat e
Cst doktanes) , unsat ur at ed (ol efins) and poI yunsaturat ed

di of ef i th
er SetcaiYsSndef $ok teTbAbta e tRlSa fonietkaigkeln Pdgr mixture
préﬁ@#aﬁﬂ‘y 5%o 80 W%t hiekal s@'d:HSbé InicKell BR FPAIUMINA %aé@‘%ﬂﬂ&w has been

hat ‘portion containing t C5 and hi gher boiling
comxfsgtéedasga c@@lﬁtucagstﬁl@tloamﬁuamwt he c4 and Iovver
b0| eria as oye he odi pent ,. ...
2! HBRdBLE Bl Rk A8 RedReRirbIER T (kTsREASH ! TER qptiation
colbhﬁh gl ioperated at Q@és@#@%@ﬁt’thé‘ﬂ thé rahéticdf m'bh@re s bomng in
mer capt ans and/ or hydro ﬁen sul fide F‘ cont ai ned
they bied P gﬁtawaekéwthi@m awihe ma TFaneHaN Qo the catalyst bed

o ROl e R LR SN RES S AL R R gpve o
efféetienest luf tied betalyfst d@érebyl d@nrﬂayingi‘[Heylh@ghD@f ¢Emaltyst ﬁé@jed

sul fjdes are re ved as bottons fromthe debut ani
col uhﬁ RIP6RES WK rftE‘iM Apsraiessat ayRy @a@awgwe@fewﬁ dlSt'“aflon

colﬁﬂir{ térégztérﬁggtélreg n%@ébwpé’eégo &%@W@gg Sucrﬁeégfurl;es within said
distilataom laﬂaa:nonazobasretwmrar‘rgemfs1 (ieen300°F, preferably 130 to 270 F.

The feed and the hydrogen are preferably fed to the distillation column reactor
separately or they may be mixed prior to feeding. A mixed feed is fed below the
catalyst bed or at the lower end of the bed. Hydrogen alone is fed below the catalyst
bed and the hydrocarbon stream is fed below the bed to about the mid one-third of
the bed. The pressure selected is that which maintains catalyst bed temperature
between 100°F and 300°F.

Concentration of 2-butene
The process for concentrating 2-butene concurrently isomerizes 1-butene to

2-butene and separates the isobutene as overheads by fractional distillation in the
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configured as a catalytic distillation structure.
Hydrogen is provi ded as necessary to support the
wo e@ediwm The distillation colum reactor i s POEUS108%028943
at a pressure such that the reaction mxture is
boiling in the bed of catalyst. A "froth |evel" nmay be
mai nt ai ned t hroughout the catal yst bed by control of

pre&é‘ﬁceb@lt & ?ﬁﬂlc@ﬂ&é@u &Sﬂéﬁ'%dRHMRtm N pRhixE@ CataV3t phearEd as a

nprove the effectiveness of the catalyst thereby

dtstd@@peaaphlggt preferaiohtn thﬁpr@aemq/@&an@‘mmwwmegd rogen.
n I 78 VofBSIR o BB BN BAT R R eRLon Tt Fouiape hos

a baﬂiﬂgnﬁﬁ@t agdufkemdﬁtenemsframtnbo!nuleaectochllew fdrfﬁelparatlon Most
ion zone in the range of 100 to,300 0

>9§?/@fc§rtaswbmlet i§ isarpetzed tthé-Rulere Mitc ﬁeWHWe&@b%ﬁ bottoms.
Thxé‘fsead&'bﬁepﬁfsﬂBb)byagt‘alﬁlrﬁ’g/ﬂwleel gbl%h Widdinh e & Igﬂfg)éoe\ﬁﬁﬂé’rremovmg
separ a eding. A

y or be mxe prior to
therd-ket@nkeed is fed bel ow the catal yst bed or at the

he, b | f
cat g B Haatmaneh e mARET B R SPELHTeapR P ipoapntaining
thel ﬁ\%(elée@ tsolsa%ﬂ“io fhe d’%tma%ﬁ* ddﬂJr'hﬁ I‘efactd‘rec@rﬁgrmﬁrd"'% supported

pressur selected is that which nmaintains catal yst
palagipe Datderfe/dbelsm&@mzaﬂmm%taiyat @00g vith sgifinientthydtagsm t@DfOVlde

but ene Th rpcess r concentra
for B ieiPaRnAgoR S8 s Py dlen SEERe b fp B RiRqton catalyst in
theSRRRIGR! &atd. hm treoBigtipatRD rocolONer Rerds thy 5Ut§@“éh@ﬂ§|converted to
di'stillation in thepresence of a particul ate supported

butpges RNd Robuteneois isprdizedt gl ggqutgm%p/gm@a igscqqcentrated in the
botgc#rﬁ%.clltsggp{e% é’rﬂﬁ%bﬁ&ape 68 SAAGE e)(/vﬁ ﬁo@ﬁﬁe?lsgﬂﬁf;cﬁﬁ;ccﬂﬁnﬁ%actor

Mg anoun hydro
as gnepewest ed but adi ene i s saturated to butenes. The

2-but ene has a boiling t_sig flcat di fferen
£ r ORS8O 2 toge 45 ITameNEH GapaRi reviamepng A bpitgms, the

isowﬁ%?lﬁéf O seﬁ‘ﬁv%rga\{\%g,s%ﬁél glllﬁﬁ’ur% i e#—%ﬁ%ge% produced than

rawn as I's acconplishe
is wtﬁamedl ingan leguilibbiutre rexcidrt ﬁlXﬂdtbﬁEd tlawathystgijedisabiitane is also

t h t The, f de
corceaneted hy Sxflahes i SThesE Blonsafi e Baltens ' v
i XRHY GfssbRddBwhRe wilPbé Remeiad frbhamemstqmn@momﬁﬁ t@4ctor with

contal ning a supported pal |l adi um oxi de
thetigapufes orasr dveheads.cteatopsitanl Siytana illihirsibei dit
hydrogen to provide Metathesis
Suitable catalysts for the metathesis are the supported oxides of cobalt,
molybdenum, rhenium or mixtures of cobalt and molybdenum oxides. Either silica
or alumina-based supports for the oxides may be used. The distillation column
reactor is generally operated at an overhead pressure to result in a catalyst bed
temperature of 100-200°C for CoOMoQ, catalyst and about room temperature for
the Re,O, catalyst bearing in mind the effect of pressure on temperature as
discussed above.
The reaction of 2-butene with ethylene to produce propylene is of interest

because of the availability of the 2-butene and the value of propylene. The reaction
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for the hydrogenation of the butadi ene and keep the
hydr oi sonmeri zation catalyst in the hydride state. In

WO h@odisti | | ati on col unm reactor the butadi enePCBUS2005/028943
converted to butenes and 1-butene is isonerized to
2-butene which is concentrated in the bottons.
| sobut ene and i sobutane are withdrawn fromthe

is reisiisiblé & fixed bed weactbesfor argiven matddredime Sindceay he written as
2-butene is renmoved fromthe reaction zone as bottons, :
fo”PWé i somerization is driven away from equilibrium and

d th
e ul r@brl &?nqlfe%?ﬁ—q%??%dnbzg ?I ov\ﬁtﬂ?oﬁ I?1I e

| sohma alidillafonlcehuncomeacior, dbe e¢qbifibdust is| ¢czarts|tarrtl)4' distuinleed, thus
over

ARty s s tiaite obah iR Shelom Bne Toa B dgiaveture s fow,
ther r%ﬂfdv%'l oF\tHefberglehé%Lér?@\%rﬁéa@}b%dm%ns@hﬂ?frd?@éé thfeaction

2-but ene wil dry. Metathesis Suitab
to ipatesisgqredeetion a‘éprm@wmes%u%tm thedhsaghnut givesxudeer control

of Bies D bR 957 B G LPE R Beston & TP ERnR; Ry Blekiyotion of

unésgIRMId sidegsrotinetspké Jeise E@Yheb&atlSﬁde 2Thetede 36 Hibutbhefollowed
colum reactor is generally operated at an overhead

by freisRetathesisiteqantenes and AEXENAY, IHRIEEBEEPRMINIAIZR.

100

SRR S YR st iR ety LB ne e il be
drlecﬂ fo@cazeotroproeslsultemooraltowmrcmtgupalcais afi cmialsyne actlnbweithout the

eactlon eth ene t oduce
SPorg A BRts Biativaul Serwise stetropre oBnBasssfyr dry feed
is Aidded % vt nleataI'Pg? t84y %bg%ﬁére%@pdﬂlé‘ﬂqF‘eedTi%espemfled for the

reactioni s revers e in fixed bed reactors for a
exgnpkas. r esi dence tine and may be witten as foll ows:

CH2= + CH3 s= 2 CH3CH2=CH?_ . | _
| SRS eI T TRIRE o SRlECH M tigoParfhqf one embodiment
of #RNPrEdHIsYMEY Pelsdretin WiHE del sMeuHhd pelyerfinkidei 'ré'rﬁﬁbved in an

concentration of propylene at a given ténperatur

opliewe! fwﬁeete@rvenimm@kllqméuwr@gyk@w@aabtf@ﬁe@de$ f@chwa flow line 101

anglpgﬁtbgrﬁc?cgﬁﬂ ¢ aget | }é éthea(?ﬁ’ abgﬁg{i ‘ﬁ%étf r%ﬁdl%@ ti{c}éh pi\?r%n reactor 10

be@wlesbefdlfllzftﬁfrthmmhé@ﬂlcaﬁ‘bnmatdwgtt wileed Blhost ain ofitite mercaptans
Cor?tggr{e%ethgfrelr?%rrle\s/ %e?étgg V\}It?] (JO nes tloefg?m h-lrgslheerpbro?lgn%cédIfcl)é]eSOfHydrogen
is fed as required below the bed 12 via flow line 118. In addition unreacted dienes
are selectively hydrogenated to mono olefins. Concurrently with the reactions the
light fluid cracked naphtha is split into a C, and lighter fraction which is taken as
overheads via flow line 103 and a Cz and heavier fraction, which contains the
sulfides, which is removed as bottoms via flow line 104. The catalyst bed 12 is
preferably in the rectification section of the distillation column reactor 10 because
that is where the C,4's will be concentrated. Standard distillation structures, such as
sieve trays, bubble cap trays or packing is placed below the bed of catalyst as a
stripping section where the hydrogen helps to strip the C,'s back up the column into
the bed 12.
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undesirabl e side products, i.e., the isonerization of

2-butene to 1-butene, followed by their netathesis to
w@emwbemes3l and hexenes, is prevented or m ni m zRCI/US2005/028943

Anot her advantage of the catalytic distillation

reactor is that the feeds will be dried by azeotropic

distillation allow ng |ong periods of catalytic

act Thé 0y, amdtIihitdr frétiorpiechen fetf yo mSeﬁdrﬁpélstllrmtonl\mmmn reactor
ot herw se be necessary. The neceSS|t£ for dry is

20 whdgheeardainsia ed 82 qﬁdgomﬁgzatg)rgg@agﬁ WRRES &- tt’ﬂ%“%lﬁ |§gmer ized

to 2RAph e RRahL OGSy PNt ieCT AP LA of Ty HEobilnd Odhd degbutane

ovarhebte viar ftove ise nﬁ)@ éydregen umfadl*bedhwdbe bedl 22 viadtady line 119 to
f [ t st

oty e ARG e VA0S S agNIdolor 2py vatadkyiion of dienes.

Arw Wé!téﬁ .ﬂethéOreédanm £95 N RkeW 41Bng WIBEHE BvEIHERAE) ANk water,
first distillation columh reactor 10 bel ow a

usobetamaz aoﬂ tSmbuéerh%rareu candemnsechtial gandanser e24| andt callected in

nt dth
o R ARG BEleT g R e Sehgfaf Blin tndt shown).
Théedl '@%naelcgwtéreéréaebﬁw& tia el Ihé V1@ [kbbutdniengnd 1&bbuténe are
addi tion unreacted dienes are sel ectlvelﬁ%hydro genat ed

rem@veﬁ)fﬁr@r@ltbmrﬁgelvedﬁ@galfaécm Ry Vip tflpw tiger HRCtwithg poréion being
b L A
el S A PO B 0, A U g 00 e

thd rien@aidder ey reridvehds besiuctviaffloactieot(8. v@atzﬂyst betl al2ri§ placed
the sulfides, which is renoved as bottons w?
in ‘lhlerfécﬁfdwt'o*f'rﬁ@cngﬁf‘ é(Y']PJ? thad-hyteng '?)P%‘F%‘?Qi[ﬁt? %4 @qﬂyersmn to 2-
ti t ol
but:ez\gc %fra%?%kgg{:sglﬁétgdr? treéﬁugcgbems‘glrcg %iE%&QFbgfs bﬁggle cap trays or
paciing éstplatetl beBharitiar bedicft catblyst as ststuppingesectiucivhere the

t k d
nydogn s bt ene JrtolE hack ThnBioshitfy i aet R aner o
t heThydhagsey QQJL@éné SrSArhiiPrniey HrdmiRe Kesbhd Histillation column

colum into the bed 12. The C4 and lighter fraction is
reacher?d gia ftay Bne d06rainddieshvia flawitora dhadudistilleéiaptagturno reactor 30

ab%e'eg geéggtﬁi aﬁ]se %%.g ygg e%ﬁ\?/ﬂ%?' %ﬁqdeﬁnchgﬁ ?}J difillation column

30 Pl i ped Iownktath8€is fc@fmy@v@flowmhe' sthuTesethyiene reacts
i sobut ane overheads via w |l ine 105. Hydrogen is fed

withehew-buiensea the agtalyst I@wi |32rt@ Pregueg propylene via the metathesis
reaction and the product propylene is immediately removed as overheads via flow

line 111 along with unreacted ethylene. Any unreacted 2-butene and heavier
material is removed as bottoms via flow line 112 and recycled to the first distillation
column reactor 10 where the heavies can be removed with the bottoms therefrom in
flow line 104. The overheads in flow line 113 are fed to C,/C, splitter 40 where the
product propylene is separated from the unreacted ethylene and removed as
bottoms via flow line 114. The unreacted ethylene is removed from the splitter 40
as overheads via flow line 112 and may be recycled (not shown). A portion of the
propylene product may be returned to the third distillation column reactor as reflux

via flow line 115 while the product propylene is removed via flow line 116.
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keep the catalyst in the hydride state and provide for
any hydrogenation of dienes. Any water in the feed
wowiob/0#de3p be taken along with the over heads. A¢EUS2005/028943
wat er, isobutane and isobutene are condensed in
condenser 24 and collected in receiver/separator 26
where the water is renoved as a separate phase (not
shopig embtRlirdntléhavinglid fow bR fl@idecraekd e daphthaf ||f)wH|gI’(t& diene
110. Isobutane and isobutene are renoved fromth
conteaicstieam e psedtssichas o a sam PF%?ka‘/fhﬁMKPﬁfaC%ﬁﬂt Wﬁuld be
o DAY 8L AR | RSN St 3 6 oo i o frs
d is’ﬁlmmhrtdﬂirmbeeamgorrcwmlbéd@)opeadmght\ueq)réfamblleito ¢rebOBe stream
Cat al st bed 22 is placed in.the rectification cti
I S F R BB M RGO S1AMIaH SR RSP ow fixed
bed thl%%ﬂfé}ﬁlcat%r?rﬂgﬁtgr dbald bk Iéé’éU %EF el et l'?cHﬁrbp‘"ﬁﬁer and a
sieve trays e cap trays or pac Ing is placed
sta bébmmamraa‘ldyeﬂxeﬁ b@hd@lnyﬁatwtlan seadtppwitiy rezca'cta torcontrel e heat
t he hydrogen helps to strip the 1-butene back up the
Of%@PHW%ﬂxﬁ%3y88an%efﬁé enri ched 2-butene streamis
renoved fromthe second distillation colum reactor 20
via flow line 106 and fed via flowto a third
distillation colum reactor 30 above a bed 32 of
net at hesis catalyst. Ethylene is fed to the third
distillation colum 30 bel ow the bed 32 of netathesis
catalyst via flow line 117. The ethylene reacts with
the 2-butene in the catal yst bed 32 to produce
propyl ene via the netathesis reaction and the product
propyl ene is'imredi ately renoved as overheads via flow
line 111 along with unreacted ethylene. Any unreacted
2-butene and heavier material is renoved as bottons
via flow line 112 and recycled to the first
distillation colum reactor 10 where the heavi es can
be renoved with the bottons therefromin flow line
104. The overheads in flowline 113 are fed to C2/C3
splitter 40 where the product propylene is separated
fromthe unreacted ethyl ene and renoved as bottons via
flow line 114. The unreacted ethylene is renoved from
the splitter 40 as overheads via flow line 112 and may
be recycled (not shown). A portion of the propyl ene
product may be returned to the third distillation
colum reactor as reflux via flow line 115 while the
product propylene is renoved via flow line 116. The
enbodi ment shown is for light fluid cracked napht ha.
If a higher diene
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content streamis used, such as froma steam cracker,

the di ene content woul d be extrenely high. Al though it
worwbd4sri | | be possible to treat the di enes iPCT/082005/028943

first distillation colum reactor described above, it

m ght be preferable to treat the streamin a separate

reactor. In such a configuration a standard single

Theasendewe dilw igi xed bed thioetherification reactor
coul d be placed before the naphtha splitter and

st ahdahid infearatedwreesasdiosdae dnelahasis of e?r%ﬁenlee@rgd gthylene to
orol 8 L FRH o B FRDLIRIhG S Gfingt ORBRHGROL GRS gputane,

1-bptanesand Debutehe toet prideess $orathedsbumeenatiendf étbutteaéo Rebutene
roduce, p

. propyl ene conprising feeding.a C4, stream
ancgéﬁparaﬂq«?gOf) ﬁ&%ﬁéﬁ%ﬂ@il%%%&%@n% 8t Earitiowate Syapaied PO
I+ I+ t i — .
ety PR b st BREIRY' o) 166 cOmeUirBREcislation o the
isopregizatice podduect paredovel Aibeitsng pe bodnradd edingsthe recovered 2-
prepared as a_ distillafion i and the concurrent
oGNSt 4 BERGRS 6T DR BRI S HiPhs Bt eG4 Bfesence of
a tame@i@oﬁélﬁptwmbg@%éﬁ&% ROfdrMedr ecovered 2-
butene to aprocess for the netathesis of 2-butene

wth ethylene in the presence of a netathesis catalyst

o BB ARR Aok S Mefrho IDRIPL S0 B Rghuating
ambyielt eBRYdrogenpigseséntiin sail chet@thatikesis. 3 . The

i ntegrated process according to claim2 wherein a
m xed hydrocarbon feed contai ni ng butenes, dienes,

mer ?aﬁhémegﬁﬁﬁr&c@ss L8chifhd cfl‘aiﬁf“é mﬁg?gﬁb i%ﬂhﬁ{ed hydrocarbon

contai nirng ogenation catalys I enes "an
feenecodtpirdms batenease aidres, toerfcaptarsubhd diss, dadediterse €80 esplitter

coRauiyd envimpinaiofearra e bUGIERES SDH BeRpPEnS FierRected o
for@;}%l&lfi@&eaﬁg@gje%‘é\% dhEratdgps of i (a) feeding hydrogen

a m xed stream contai ni ng 1-butene, 2-butene
and i sobutene to a first distillation colum reactor

Co B LRSS REBHAR Sy 585 BafEbieskpaction of
ethylene with 2-butene comprising the steps of:

(a) feeding hydrogen and a mixed C, stream containing 1-butene, 2-butene
and isobutene to a first distillation column reactor containing a bed of
hydroisomerization catalyst;

(b) concurrently in the first distillation column reactor,

(i) isomerizing a portion of the 1-butene to 2-butene and
(i) separating the 2-butene in a 2-butene enriched stream from the
isobutene by fractional distillation;

(c) removing the 2-butene enriched stream from the first distillation column
reactor as a first bottoms;

(d) removing the isobutene from the first distillation column reactor as a first

overheads;
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(i) isonerizing a portion of the 1-butene to 2-butene

and (H) separating the 2-butene in a 2-butene enriched
wa@eweamefr om t he i sobut ene by fractional distiPCHUSING/028943

(c) renoving the 2-butene enriched streamfromthe

first distillation colum reactor as a first bottons;

(d) renoving the isobutene fromthe first distillation

colg @?mfeléﬁmgt odid@Bstebdtioras apdesthelaae; tbe) séewnl diptilaiich column
first bottons and ethylene to a second distillation
reagler @ﬁﬁta*@ﬁ@taoki?ed:Gﬁﬁ'ﬁt@fhﬁﬁ'sacaé%’ds“@f net at hesi s

cat, xahcu&@tpaﬂg%w £&08 Ad/dasﬂuamndca@mw%aetatl I'lation

col'Unm r eac portion the 2-butene
and a pafi remtlng atnmrtlm me %{batema arhréapnoet«wnefethef ethiykene in the

tath d d
preecs 8t MeyarBess salabvdhys oHaTudRPRPyfee ABS: r om
unr eact ?%e pAtiR e rRBEcIRaaMh GlenBBd RS Paidp e ynd fraat uRRRcted 2-

distilla renmovi ng the unreac hyl ene and
butgmepa}nkidlwvtercmatewel by raationmlstistiliedionon col um react or

= [y heR i 108 Do B S SRS 1 B socond

dlsm@tl@mdmﬁtr@éctaﬁago&@ﬂm‘aﬂjsbghtioms 5. The process
according to claim4 further conprising the steps

(i )(h) semmeving He deartedordUirnRINg Hegviep mederial from %hé second
dls@%\ltlo tg%dﬁg[{ga&% ga% S ydiRiifs ] s removed as a third

vVer propyl’ene 1s renmoved as a third bottons;
ands (T herp&msw@cddnemgea\ulam 4 fonh eyadaainsrésion méaetapemf
and recycling the unreact 8 ene idfirs
di st feestnaghe é@PQﬂ?ﬁ’wOY%"Q@?g? tog Grﬁ@“h%\el ge %eaF@rir?@hylene

is r%&o%a'fe[@u' Hﬁ'\#gfav‘akrﬁeé&ea ?&bﬁénétsrr%ﬁmvea ésagaﬁircj b8fbiRs; and

i ght nap a stream . e process
acc@y dresrgotnugciml heéviek efr@inn salldesmoa’eu b@ﬂtomsr @an fegcycling the

RN Tl
Irzgf’mﬁgggﬁfgé%rﬂgwd © 6hh D h¥kes i nRaidIC, stream is taken
from a light fluid cracked naphtha stream.

7. The process according to claim 6 wherein the mixed C, stream is treated
to remove mercaptans and dienes prior to feeding to said first distillation column
reactor.

8. The process according to claim 7 wherein said treatment occurs
concurrently with the separation of the mixed C, stream from the light fluid cracked
naphtha stream.

9. A process for the production of propylene by the metathesis reaction of
ethylene with 2-butene comprising the steps of:

(a) feeding hydrogen and a light fluid cracked naphtha containing 1-butene,
2-butene, isobutene, mercaptans, dienes and C5 and heavier components to a first
distillation column reactor containing a thioetherification catalyst;

(b) concurrently in said first distillation column reactor,

(i) reacting the dienes with the mercaptans in the presence of the
thioetherification catalyst to form sulfides,

12



concurrently with the separation of the mxed 4
streamfromthe light fluid cracked naphtha stream 9

WO 206posweess for the production of propyl ene bRCT/H82005/028943
net at hesi s reacti on of ethylene with 2-butene
conprising the steps of: (a) feeding hydrogen and a
light fluid cracked napht ha contai ni ng 1-butene,

2- but enegjj) réecmmgetn@nesrrwrtﬁ aytessen @ fendsmend o@ﬁn@ndnd
heavi er conponents to a first distillation ¢olu

react or @Bntsﬁpﬁ" atiggdheHiahéfivid crackedi naphihe éf't?sfl' Cy@d lighter
fractftiiiaid & %nHrhescl?ziéil f%ﬁt{%h distillation colum

Feact or € dienes with the nercaptans
in (cd)eremm@smglm o}, arideth'aenofBad:t&m fadonédiniog tbetlabytenet 8-butene

and GoRuiic r%ﬁithéa»g%t dslftentuBpsratiorgo At RRineas:
fl ,%?z?&lﬁ?j fRfds
angog an eav‘? P?g\tgfeffg%%( ; rtélﬁom\%tﬁfga Jtuqhe 'f%]ntheflrst
dis’_[iheglurmoltﬁmadeaohoraeraMShbngonnlse 1- but ene, 2- butene and
B RG5O il el i 3 S SR Mlpobutens

to Br 8&ddrfen d%ﬂmétﬁjd" cBRINhheredbior | @taihlymat bed fdfr Bydroisomerization
distillation colum reactor as a first bottons; (e)

Catfaé/@t{l ng said first overheads containing 1- butene

oottt SRR e Rl A G hO P AEE Aol eadhl” oo v
cat al yst (j) Gédm@@m argatiby of the m&)men@ttdzmmmé laatjl on
col um react or, i someri zi ng Bortl on of

1- but ene(”t)@eﬁalfﬁﬂn@n’f@ea%’u teng ”bép?a 'éfleinﬁgerir!%‘eﬁi %[ﬁ%ﬂefrom the
: .stream from the isobutene by
'SOP e@wtezbaﬁ %&Eﬁ]at%%ﬂ iorn; (g) renoving the 2-butene

enr {®hednsivirepithd Revutehe seicded dirsail fram tre secand distillation

reactor as a sec récﬂ ?ttorrs (h) feeding said second
colypin GASIARS 2ERGPEHROYRMS: t hird distillation col umn

EoRiPIscy 300 Ak sl SRk gse oat sy column
reactor containing a bed of metathesis catalyst;
(i) concurrently in the third distillation column reactor,
(i) reacting a portion the 2-butene and a portion of the ethylene in the
presence of the metathesis catalyst to produce propylene, and
(i) separating unreacted ethylene and propylene from unreacted 2-
butene and heavier material by fractional distillation;
() removing the unreacted ethylene and propylene from the second
distillation column reactor as a third overheads;
(k) removing the unreacted 2-butene and heavier material from the second
distillation column reactor as a third bottoms;
(I) feeding the third overheads to a C,/C4 splitter where unreacted ethylene
is removed as a third overheads and propylene is removed as a third bottoms; and
(m) recycling the third bottoms containing unreacted 2-butene and heavies

to said first distillation column reactor.
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(i) reacting a portion the 2-butene and a portion of
the ethylene in the presence of the netathesis
W@ a00al0y®r1 t 0 produce propylene, and (ii) separPCT/N§2005/028943
unreacted et hyl ene and propyl ene from unreacted 2-
but ene and heavier material by fractiona
distillation; (j) renoving the unreacted ethyl ene and
propgl anea bfdufestsff@r sies onetathesld bf athiytene ahdbutemet @ produce
as a third overheads; (k) renoving the unreacted
prapyiriteewbersin the &betenges eontined dmat MixegeCgrsgream containing 1-

distillation colum reactor as a third botto
butesigd TRy @M APRISOP UK HE%HEPEOH‘*H‘%EF@%‘%EIWQ‘J%P '\gﬁﬁg?émxed Cq
strégﬁqesftaee.s%n&tyd@%m nﬂ%‘é‘é’t’cﬁdc%ﬁaﬁnﬁd"aﬁd (s%\fﬁémzeaa; PR aadilyst to

ene 1s renoved as a th bottons and
sim@tansiously istreetite d ebubene tmB-hedenabnd sgparate ne from the 2-

ut e nd, heavi ald first distillation colum
é&&&%ﬂuiﬁoy?ﬂ%‘) 8'3:%@? ¢yt the netathesis of
et hyl ene and 2-butene to produce propylene wherein the
2-butene is contained in a mxed C4 stream contai ning
1- butene, 2-butene and isobutene, the inprovenent
conprising feeding the mxed C4 streamto a
distillation colum reactor containing an
i sonerization catalyst to sinultaneously isonerize
1-butene to 2-butene and separate isobutene fromthe
2- butene product by fractional distillation.
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