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20  of these highly unsaturated Cs compounds end up as propylene thereby
increasing the vyield.

The Ca cut consisting of Cs acetylenes, butadiene, iso- and

normal butenes, and iso- and normal butane can be processed in many

ways. A typical steam cracker Cs cut contains the following components

25  in weight%:

C4 acetylenes trace
butadiene 33%
1-butene 15%
2-butene 9%
30 ' isobutylene 30%

iso- & normal butane 13%
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reactlon of normal butenes (both 1-butene and 2-butene) with ethylene,
These reactions occuf in the presence of a catalyst which consists of a
group VIA or VIl A metal oxide either supported or unsupported. Typical
catalysts for metathesis are tungsten oxide supported on silica or
25  rhenium oxide supported on alumina. Isobutylene lisobutene) is typically
removed from the feedstock prior to the metathesis reaction step. The
reaction of isobutylene with ethylene is non-productive and reaction
with itself and/or other C4's is limited in the presence of excess
ethylene. Non-productive reactions essentially occupy catalyst sites but

30 produce no product. [f allowed to remain in the feed to the metathesis
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in other prior art, in U.,S. Patent 6,580,009, Schwab et al teach a
process for the production of propylene and hexene from a limited
ethylene fraction. For molar ratios of ethylene to butenes (expressed as
25  n-butenes) from 0.05 to 0.60, the inventors utilize a raffinate Il stream
as the Ca« feedstock. A raffinate Il stream is by definition a stream
following isobutylene removal. Further, in claim 6 of the published
application, they teach the steps of: (1) removal of butadiene: (2)
removal of isobutylene by various means; {3) removal of the oxygenate

30 impurities; (4) metathesis of the resultant raffinate Il stream with 0,05
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Arganbright, 2-butene is hydroisonerized to 1
but ene aslttindnbwachpbisabiytenegemoyal frdrinsthalGzcateam can also
greater than
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catalytic distillation tower. In separating a

st r eagsteantal botigrensoteuthel isotaityléne bod eesyveameb@eber enkigh
LB S BR0aL R rabtiBa i blonbss SRBEL i, known
are Y&¥erta088 caBysts and thus increase the volatility difference. This
technology combines conventional fractionation for isobutylene removal
with hydroisomerization within a catalytic distillation tower. In U.S.
Patent 5,087,780 to Arganbright, 2-butene is hydroisomerized to 1-
25 butene as the fractionation occurs. This allows greater than equilibrium
amounts of T1-butene to be formed as the mixture is separated.
Similarly, 1-butene can be hydroisomerized to 2-butene in a catalytic
distillation tower. In separating a Cs stream containing isobutylene, 1-
butene, and 2-butene (plus paraffins), it is difficult to separate

30 isobutylene from 1-butene since their boiling points are very close. By
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| ocation of the olefin double bond and the
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A pair of olefins adsorb on the surface and exchange double bond
positions with the carbon groups on either sides of the double bonds.
Metathesis reactions can be classified as productive, half productive or
25 non-productive. As described above, non-productive feactions result in
essentially no reaction taking place. When the double bonds shift with
metathesis reaction, the new molecules are the same as the originally
adsorbed molecules thus no productive reaction occurs. This is typical

for reactions between symmetric olefins or reactions between ethylene

30 and alpha olefins. I fully productive reactions occur, new products are
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reacti.on of jisobutylene with, 2-hutene (reaction 6 .
b oatAgSofr Jis e’ sffifert, b b ESUsEREE e thedeactions
t hi spERAEIH Y biABnBs Bdth&ddged. S produced at 37.5

wei ght % sel ectivity fromtotal C4's (simlar to

reacti on Phe peactimnsdistsd vieprgheo Bl bata vaacyionr with ethylene

normal C4's 2-b ne). .For the r poses. of .
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However, the C4 stream can also react w thout the

pr esesleetivdfy bt hppglepedorn taGl Ceotidinediclutling isobutyiéreh and

is called auto or self mnmetathesis. | hi s,.case, .

FeachibraeaRsto atpve KoM B o S Eie Fisbierdnshe
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conposi tion. WD 2005/009929 PCT/ US2004/ 022118 "? ¢ E
produces propylene and a branched Cs molecule. For this reaction,

D=

20 propylene is produced at 37.5 weight% selectivity from total Ca's
{similar to reaction 2) but at a 75 weight% selectivity from normal C4's
(2-butene). For the purposes of definitions, conventional metathesis is
defined as the reaction of the Ca olefin stream with ethylene. However,
the C4 stream can also react without the presence of ethylene as a

25 feedstock. This reaction is called auto or self metathesis. in this case,
reactions 2,3 6, and 7 are the only possible reactions and will occur at

rates dependent upon the feedstock composition.
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conventional metathesis to maxim ze reaction 1 to

produce propylene. This will maxim ze the selectivity

to propylene. As such, excessS et hyl ene is used to
reduce the extent of the reactions of butenes Wit h
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to n-bu nes conmon 1 n conven

met atAesich, lexcesgobibyletiedsubbd antddice FtB@beentroﬁtthé)Sr,eactions
typically, 1.3 or larger nolar ratio to mnimz
r eactdf dndenes withghemsglves lgagdenscdndi B and 7df T&@d@ggretlcal
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10 4 caatnbn , int ¥enntioass nkesihesice® anmbleyRligiiicantly greater
First, the |sobut¥Iene is renoved prior to

met atrhées Sypicelly s hisuer laears melan eatior eneiitnize teagtipns 2, 3, 6
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i ncl udithgsobueiAerd endorsliteneS@RbE ZRkt QNtCathlens tisseiRBctions
as nmagnesi um oxi de adm xed with the 15 netathesis

dat a|4ysmd 50\lo1t\lé0 pm«aSﬁ ﬁeguemealaystenmlwem ofirgfatfyeisobutylene
skel et al ‘8 sob to .no

put yIEAEBP VP Bh s BRI The ISR ORGSR SmaRe: & wil

POSi tHu@B UpQad e RbRRPEs bR recTHIES t®¥cKiBES Aldhngei tdecond, 1-
excess ethylene, elimnating isobutylene fromthe

met athésnes lsee@larperlmd tpo F-eidieneohy amludingl @yld@glblrf- bond
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15 metathesis catalyst. Note that this catalyst will not cause skeletal
isomerization (isobutylene to normal butylenes} but only shift the double
bond from the 1 positidn to the 2 position. Thus by operating with
excess ethylene, eliminating isobutylene from the metathesis feed prior
to reaction, and employing & double bond isomerization catalyst, reaction
20 1 is maximized.

When there is limited or no fresh ethylen\e {or excess butylenes for
the ethylene available), there are currently two opftions available for
propylene production. In these cases, the current technology will first
remove the isobutylene and then process the normal butenes with

25 whatever ethylene is available. The entire n-butenes only mixture is
subjected to metathesis with the available ethylene. Uitimately, if there
is no fresh ethylene available, the C4’s react with themselves (auto
metathesis). Under low ethylene conditions, reactions 2, 3, 6 and 7 will
occur, all leading to a lower propylene selectivity (37.5% or lower

30 versus 100% for reaction 1). The lower selectivity results in lower
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Summary of the Invention
An object of the present invention is to maximize the preduction
25  of propylene when processing a Cs4 cut from a hydrocarbon cracking
process when the supply of ethylene is limited and when the Ca cut
contains high isobutylene and isobutane levels. The Ca4 stream has had
butadiene removed to a level where the inlet concentration is < 10,000
ppm. This stream is commonly called a Raffinate . The invention

30 involves a first step {1) of subjecting the entire Ca cut to autometathesis



they do not represent |osses of potential propylene
production. Sunmary of the Invention An object of the
present invention is to maxim ze the production 25 of
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limted and when the C4 cut contains high isobutyl ene
and i sobutane levels. The ¢4 &Pream has had butadi ene
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2-butene and isobutylene) and both iso- nor mal
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20 as in reaction 1). By allowing reaction of normal buienes with
isobutylene (in addition to other normal butenes) in the first
autometathesis step, the conversion of n-butenes to propylene proceeds
at higher selectivity {from n-butenes) and iscbutylene is removed by
reaction not fractionation. In the second conventional metathesis step,

25  the remaining n-butenes only are reacted at maximum selectivity with
ethylene. Since some of the normal butenes have been removed via the
autometathesis reaction (step 1), the reaction proceeds using higher
ethylene/butenes ratios than would be possible if the entire feed were
processed with that same limited amount of ethylene as in the pridr art,

30 In step (4} above, the Cs and heavier components {pentenes and



aut onet at hesi s step, the conversion of n-butenes to
propyl ene proceeds at higher selectivity (from
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step, 25 the remaining n-butenes only are reacted at
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Description of the Preferred Embodiment
Before describing the present invention in detail, a typical prior art
system for the production of propylene from a Cs hydrocarbon stream
from a cracking process will be described with reference to Figure 1. In
25 this way, it can be better seen how the present invention differs and
increases the production of propylene.
As shown in Figure 1, the Ca cut feed stream 12 is fed to the
isobutylene removal step 14. This Cs4 stream has had butadiene
removed to a level consistent with the catalyst system employed. If a

30 double bond isomerization catalyst is utilized, then the butadiene is



system for the production of propylene froma C4
hydr ocarbon stream from a cracking process will be
described with reference to Figure 1. In 25 this way,

e ?@,gm@)gmbetter seen how the present inventi QPT/Uszoo 022118
? ers and increases the production of propylene. %s

shovvn in Figure 1, the C4 cut feed stream 12 is fed to
the isobutylene renoval stepl124. This C4 stream has

had butadiene renoved to a |evel consistent with the
cat al y8P0s3T en lagrfls i ds tvplcall\e@s dsevpusiyofrscribed and the
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current options for the renmoval of the isobutylene are

as follows: 1.tegtbrychutybether §dEBEL.sobut yl ene with

t hanol t,o form neth her,
55, Sel ot 1 vergeraiaY reach fapbbishe Wi ireF 88 Fort opgiene=
i SOOCt eneg., 3rractisfbiinNahi an db%&buﬁﬁeh@@&m‘cﬁ' PERbYE! both
to renove both isobutylene and isobutane. 4.

Treat nent in aisebwiylensdand wobiteoger i zat i on de-

I sobut yl enei ze talyti.c distillation system (CD DB
10 syst et or TFRLCENbndti oh- EbmpHiAs e EEIFoMeZatch  de-

i sobutyl ene angobgaHcinte ecatHhieddivifldtion system {CD DIB
hydr oi someri zati on of 1-butene to 2-butene 't

8xi m ze the 2symiesmdortracdenationstoetrave lzmh lsmm:ylahe and
t he n-but enes ma SO be re d. al,on wth t

i sobutyl ene at' fé”?aﬁ? %Wﬁ?ﬁo"wﬁ‘ E:ﬁd@ﬁ%é‘&?ﬂzfé'oﬂlcgnb jbutene
with the 15 recyoliRefdtS SR8 Ié 2-BHBhE CoRfhrtO

conventional netathesis at 22. Fresh ethylene 19 al ong
wi t h unr etsstetharet and somee ah thes oietgnes doat a!setbleyrbmwed along

froms, ragi 4. as, stream 25.is co

pener B i saBra B 10 THE MDA G LI o T e Path the

Bep r@é’% cld 1Cal strea@RNisilbje 164 1:6 QAHUERb e rhdtatiids @t 22
ond isonerization catalyst adm xed 20 with t

met atHne:m sﬂo,d@mzi y &t albog cwith entredstbditedindet® aI}dbsmraaanoduct

In the t hesi s r 0Cess reacti , and 7
occuret'l‘\é'%'? ﬁ@"% BeRgr Tﬂﬂ‘bWPéﬁéa%éﬁ’%ﬂf?l F;F%‘?b'@&)d.ﬁ Kygeperate

| ess.1hB§8&H D90 lthW dohvahfidhaP ffdththbBisRtep 22. It is common but
not required to include a double bond isomerization catalyst admixed
20 with the metathesis catalyst to convert 1-butene to 2-butene. In the
metathesis process 22, reactions 2, 3, 6 and 7 occur leading to a
propylene selectivity of 37.5% or less. Reaction 1 will also occur to a
greater or lesser extent dependent upon the concentration of ethylene.
The metathesis effluent 23 in the prior art process then continues with
25 ethylene recycle 25 removal at 24, propylene product 26 removal at 28
and C: fractionation at 30 to remove most of the Cs+ constituents 32,
The remaining stream 34 contains primarily n-butenes and n-butanes
with some Cs and heavier components. In order to prevent the build up
of unreactive butanes and the residual Cs and heavier components in the

30 recycle stream, a portion of the stream 34 is purged at 36. The



greater or |esser extent dependent upon the
concentration of ethylene. The netathesis effluent 23
in the prior art process then continues with 25

tdYloshRefecycl e 25 renmoval at 24, propylene prpddfbini1s
26 renpval at 28 and C4 fractionation at 30 to renove

nost of the Cs+ constituents 32. The renmaining stream
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U0 | seeand rcodwabiioRali o1etelihenisaraagtionc sretespnarshta ofitferent

t athesi ti t d i ff .
(r actGneR s LBBRSI E MRS o Mric i bR drapYEe
pr opytietioRfestHahe Gtitd Biehbe sBBhin; € but enes stream
Under those cases where the nolar ratio of ethylene to

the ¢4 sbtndenthosezases grheregbe trhelar cat® péisghidlenate ghe Ca

1.0 nol ti h 15 st ' d
mor o SUPRTIOP &5t 5 kit B BTt iauf Uk B Rl 1o C-
$& CaRBARAGK Prosséd Midte waémy EncEARCIERA fr8pPEhé& Aflde from
that contains isobutylene and isobutane can be
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metathesis reaction as is conmmon Yy practl ced I n
pri oischutyleMheemosalsecdant downemearonall theenadthtimisis reaction

? ﬁ'irisﬁ%adr%%%%gabioﬁﬁggg%ﬁ{e%iserteggtlloennaes fsscorrrﬁlrgglt'llg/dpracticed
in the prior art. Then, a second conventional metathesis reaction
system is used where ethylene is reacted with the recycle Cas stream
following the isobutylene rémoval. I is preferred that the pentenes be
removed prior to the Cs recycle to the second metathesis reaction

25 system.

Referrng to Figure 2, mixed Cs feedstock 12 containing both
normal butenes and iso-butylenes along with paraffins is fed to an
autometathesis reaction step 38. This allows only reactions 2, 3, 6 and
7 to occur. Reactions 2 and 6 will predominate since they are faster

30 reactions. This will produce propylene and both n-pentenes and iso-



followi ng the isobutylene renoval. It is preferred

that the pentenes be renoved prior to the C4 recycle
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reaction O renove I ene tO

al soapoomoirethyoidedisomerizatain ofh1dutdndud enlmttene, the above-
2-butene, the above- nmentioned ratio of 2-butene to .
the Sntiened ratig ek dcbuifae te giiBynae! -byteneandeisobytylene is

P! 2Bt LA ThhbOls HEHE WP o BHE AL FAHRYE from

from rogenation

bEit adh@ﬁ@drbgdﬁét%raﬁt%p?éﬁﬂbwmnd botddiwreigvélBare >500 ppm.
autonet at hesis reaction at 38, a recycle stream62 1is

added (t oF®loveRgItae ABWMeiedeyis Aprrtiontall 3he weycle stream 62

" amoULal R G YeRiPEMEL oD, A SRFIRE 2 PBliSng 3py prqpoct

| at ebr unrdab&dom@m :sTBmoeédwt a0¢ TEERRYlené 440isifvailable
foll owed by 20 separation of the propyl ene product 44

at 4&or Gsedates intle Reweber Thefethiens rearoval gtrﬂphe followed by
B DA 0835 A S, oA BBL2TEHE) oot
debutaieatd 74%m the propylene separation step 46 is then separated into
a Ca stream 50 and a Cs+ stream 48. This occurs in a debutanizer 48.
if high concentrations of the Cs and heavier components were allowed
to remain, the isopentenes formed by reaction with isobutylene in the
25 autometathesis step could be subsequently reacted with ethylene.
lsobutylene would be re-formed by reaction with feed ethylene and/or
product propylene by the reverse of reactions 6 and 7. Note, however,
that to the extent that the normal pentenes are allowed to pass to the
conventional metathesis, they react to form propylene an'd normal

30 butenes which is a desirable reaction. At this point, there is a mixture



I f high concentrations of the C5 and heavi er
conponents were allowed to renmain, the isopentenes
formed by reaction with isobutylene in the 25
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desi rabl'e reaction.” At this point, there is a mxture
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t he i sobutyl ene renoval operation 51. Inportantly, the
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propylene or CE s and renoved fromthe feed prior to
t he bsdbatsyiglapasenonedrsion, hag bFbusonyéréed o eithempnepylene

cons PG oA eeea TR th St S 6 R By Rhe rfbSval 1.
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I sobutylene is renoved prior to netathesis. The
i sobatey bemsderahyvmduaediad sommared be torecessetgatheessitie iso Cs

reaction 20 wiith ethylene, in the follpw ng process ,

St opotas SRt e ectarowba hegapbytyBiiet 5 Bmeved prior to
r enoydiaficeresses previously identified. Wth respect

to the process involving the reaction with nmethanol to
produce MIBE&jsobutylene removal avoids unproductive metathesis reaction

20  with ethylene in the following process step. The options include the
four isobutylene removal processes previously identified. With respect
to the process involving the reaction with methanol to produce MTBE,
only isobutylene is removed. Since isobutane is not removed, it must
be purged downstream along with the purge of n-butanes at 54. This

25 is also true of the removal technique where isobutylene is reacted with
itself to form isooctenes. In these case, the purge will contain normal
butenes as well thus limiting the propylene production as a result of the
loss of normal butene feed. Using a de-isobutyleneizer to remove the
isobutylene by fractionation also removes the isobutane. This reduces

30  the volume of the recycle and purge thereby increasing the Ca utilization,
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the jsobutyl ene, the reactign roceed r .
ef 11 bi@neoyronppekaptaticyis- Ut Hhelimiied Findensuyemaying
maxi T t

o | RS cRETRHCRN dhe HOES BT ofRlor®] Rarther, for the
pr opsdsenehseel 2butaret g maxsintized oy zegbloyicg adaclroieomerization
The effl Hent fromthe conventional netathesis

62 B
FbactFB5rPYY eIt caiRplin dFUhAICH FDNEs 4BF PRPReR, gelectivity

ef f 1 \d&Rhximized via reaction 1. The effluent 62 from the conventional
metathesis reaction at 58 is combined and processed with the effluent

from the first autometathesis reaction at 38,
Listed below are various examples for processing a Cs stream
25  consisting of 18,625 kg/hr of a Ca stream of the following composition

in mol percent:

i~butane 28.38%
n-butane 16.42%
trans 2-butene 14.09%
cis 2-butene 8.89%




fromthe first autonetathesis reaction at 38. Listed

bel ow are vari ous exanples for processing a C4 stream

25 consisting of 18,625 kg/hr of a C4 stream of the
goCONMposition in nmol percent: i-buta

fV‘Q%)%J()t‘aanog 6 42% trans 2-butene 14.09% cis Zﬁfﬂtagzr?gﬁoﬁm

8. 89% WD 2005/ 009929 PCTf US2004/ 022118 17 1-butene

12.53% Butadi ene 0.81% isob&?yl ene 18. 64% ot her

0.24% i sobul_gl_ene_as_le-gi—Lm-al—bul_en%;s&%
2-but ene/ (1-bAHERE + i so-butylene) = 22 adiR%$3%Fz0. 73

5 In these |dk#apiens, several different |evé).8186
et hyl ene ar|dsemngiedered as fol | ows: | n tHS.BULST
case, 2750 |kghbhr ethylene 1s available as fgeak,{eed.

Thi s represents a nigh ethylene/noral but enes i ght
ratio of 0.41. In the second case, 1375 kg/hr of

fresh et h;elobnﬂjlérse ay 8 bahbtal buttbed bt s 3% 98& r educed,

noder at e vveig[ ratio of 0.21. In the third case onlé/
590 kg/ hr 2gtutene/élrbuteng anigoibytyeng) abl €2-98{i < 4 50/

| ow wei ght ratio of 0.09. Production material bal ances
will be defined for each of these cases conparing

bbt h I h}ws@mamm saterpr dicfensit hgyechictmylsheraee cdbsidered as
i sobutyl ene is renoved prior to netathesis and the
proc glquﬁﬁ schenme of the present invention. Figure 1

o . ; A
Et hy | one TSHT (STREE0 2 25 o I GATEROR dldildpld Hlsresh feed.
avai ITa epr@dents B-Higtt efifylene/normal butenes weight ratio of 0.41.

In the second case, 1375 kg/hr of fresh ethylene is available.

10  This is a reduced, moderate weight ratio of 0.21,
In the third case, only 590 kg/hr of fresh ethylene is available.
This is a low weight ratio of 0.09,
Production material balances will be defined for each of these
cases comparing both the conventional processing scheme where
15 isobutylene is removed prior to metathesis and the processing scheme

of the present invention.

Figure 1 - - Example 1
Conventional Processing With High Ethylene

20
In this case 2750 kg/hr fresh ethylene is available for a n-butene
flow of 6651 kg/hr. This is a 0.41 weight ratio or a 0.85 fresh feed
molar ratio. The material balance is summarized in Table B.
25 Step 1. The Ca4 feed is first sent to a Catalytic Distillation DIB

tower 14 where 9054 kg/hr of isobutylene and isobutane is removed as
overheads 16. The bottom product 18 (8570 kg/hr) is essentially a pure

2-butene stream mixed with paraffins.



flow of 6651 kg/hr. This is a 0.41 weight ratio or a
0.85 fresh feed nolar ratio. The nmaterial balance is
summari zed in Table B. 25 Step 1. The C4 feed is first

$RMoodhodeCat al ytic Distillation DIB tower lgcW&h&ior2iis
9054 kg/ hr of isobutylene and isobutane is renoved as

overheads 16. The bottom product 18 (9570 kg/hr) is
essentially a pure 2-butene 48ream nixed with
paraffins. WO 2005/ 009929 PCTI US2004/ 022118 18 Step

2. The bottom stream 18 is mxed with a conbination of
fresh et h§tegnd. 1Fhamgtiose preemetdhid @ieds wigha pembination of

Fr act eonaEr e S a6V 08 ER¥ Fod i StV EneEy 24 and
the s Alcesiu Hohi 120, FAGidRYIBA BeSkm U0i(kFE0PIaE BH) and

both a netathesis qnd a doubl e bond i someri zation
cat afgdto thhanetatkesis onde22.t Nitwugist@Hesiacmibcopiainmbeoth a

conversign and t he r selectivity to ropyl ene is
ooos mstpeRiihd & s URlsrforRbisgRier Hefioh, ot P HfislF . once
pr Odhﬂﬁr%ﬁgﬁ%Q%DhémQél iitBid RBARYARBNNaMYERE 980olaPREBEIty 1o
Note that the 10 conversion of the small anount of

i sobptevere iss IPGv dBelectivibk desisfined fagl thee madt ey Bopylene
The et hyl i ted in the deethyl i 4
and PR BT PERTDIANS Sk TOHIT oBopnSuORs: Rits Krejthe

POOAUEHyELRN 8Nthe staliih&lht §F RYBGRSEALIS RAP WRie! fiCexcess
smal I anmount of ethane contained in'the fresh ethyl ene

st reathylérse.t hen conbined with the 2750 kg/ hr of fresh
ethylene 19 for feed to the netathesis reactor 22.
Step 4. A total of 8163 kg/ hr propyl ene product

(contai ni ggy, 20 %é%thﬂl’ehé iPCOPALRREh e HESRYRNBAsIZS 24
the overhead 26 fromthe depropyleneizer 28. Step 5.

Bef ored rexygtddefor tigh @ilizstiore 88980 8881 kadtriodmmodutt athydéne,
remgve. some of the Cs's and, all of ihe heavier )
18: LRSS TTGpQ to o e wBaL AmpuBhof Sihs0s Sanfanegin the

Ce's e '
Gos o TEPthEnE bRk GEmbIIEY WG the 278DV KR oftresh
r emaiethiyigneCA9 Sor & theasemtiesigmadbortd2.el i m nate C4

paraffins from the netathesis |oop. The C4's are
recycled to achieve a high utilization

Step 4. A total of 8163 kg/hr propylene product (containing
20 8145 kg/hr propylene) is recovered as the overhead 26 from the
depropyleneizer 28.

Step 5. Before recycle, the Cs stream 29 is fractionated at 30

to remove some of the Cs’s and all of the heavier materials. it is not

25  necessary to remove all the Cs's from the Cs stream since they can be
recycled as described above. Following fractionation at 30, the
remaining Cs stream 34 has a purge 36 to eliminate Ca paraffins from

the metathesis loop. The Cs's are recycled to achieve a high utilization
{88%) and this dilutes the feed considerably with paraffins. Paraffins

30 are 49% by weight of the metathesis unit feed and 60% of the C4’s to



(88% and this dilutes the feed considerably with
paraffins. Paraffins 30 are 49% by wei ght of the
netathesis unit feed and 60% of the C4'8 to WD
%89565%99%9;9 PCT/ US2004/ 022118 19 that unit .pcd¥ds2004/022118
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CamoO) .fl c3c'DdwoCA UUtoCUmr. Uc V
U 0 WD 2005/ 009929 PCT/ 1JS2004/ 022118 21 Figure 1 - -
Exanple 2 Conventional Mderate Ethylene In the
Socendhogsanpl e, half the ethylene is avail abligq{ds3diina2iis
kg/hr 5 fresh ethylene). This represents an ethyl ene
to n-butenes ratio of 0.21 wt fraction or 0.43 nol
fraction. The material balancglis summarized in Table
C. Step 1. This is identical to exanple 1 and 9570
kg/ hr (18,624 10 ni nlﬂ‘g@r@S‘h%gf‘aW!?d is created for
the conventional nEpavéndinngl Wederate Stedene Wt h

reduced et hylene, the selectivity to propylene is
reduced. hh@emseband sedraple} half yhaledwiereds 8aigié {r3a RGhr
% The ethylene conversion is higher (66 vs 40% and
the BaskmEh¥@sATer sitoh rearsserts M\/@%h\(i%‘? goyR-biiggnegn rtio of
t hes i . Step-3. hyl eng i s :
and D0t dip R, 57 B mal 3sgh. = Ehe b BERl Pthoe, is

r esuktimafarizbe in wble C20 et hyl ene fl ow, 't he propyl ene
production jis reduced to 5110 kg/hr from 8164 kg/hr.

A drop of 37% Step 5. The unreacted C4 's are
recycl od Sanp iR f i PEheR LA 89 i PBs b (G (7R, Bos

produced 'ower Sel'ective reactions.

TONbdid 90509 of fuweris wpsated Sootheatthviehtofgishetiiasis unit.
hi gh butene utilization creates very |arge recycles.
The total netathesis reactor flow increases from

33777 kgl to 4 3 factor .3 lL.h.or.de .
limt t hﬁ{elpn%r t aﬁﬁh&%ﬁ't%gteﬁlgﬁe'?% tbﬁp 5 %t%t?eﬁ%yﬁrgb&e% 'S
the (gHuebheamhanfolahyslecBVioy drexs €6 B8 %ARiohRI9RNE. The
energy costs, purging is increased and the 30 overall

uti | phetérencafventior iebigher (@t ye 4% bend ahe hyteagoganversion
15 is lower {36.5 vs 59} under these conditions.

Step 3. The ethylene is recovered and recycled,

Step 4. The propylene is recovered. As a result of the lower
20 ethylene flow, the propylene production is reduced to 5110 kg/hr from
8164 kg/hr. A drop of 37%.

Step 5. The unreacted C4's are recycled along with a substantial

portion of the Cs's produced by the lower selective reactions. The

25 combination of lower conversion and the desire for high butene
utilization creates very large recycles. The total metathesis reactor flow
increases from 33777 kg/hr to 43883 (a factor of 1.3). In order to limit

the inert concentration to approximately 60% of the Ca stream and thus
avoid excessive capital and energy costs, purging is increased and the

30  overall utilization of butenes decreases (79% versus 88%).
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PCT/ U82004/ 022115 23 Figure 1 - - Exanple 3

Conventi onal Low Ethylene In égl s final exanple for
t he conventional case, the fr h ethylene 5 is al nost

zero (590 kg/hr). This _re fresh
et hyl ene/ n- but enes of F'@ Edﬁ‘f“ﬂ' Bio or 0.18 ol ar

ratio. The materi al G@P&%@ﬂ%'—f’%mh“fed in Table D.
Step 1. This is identical and 9570 kg/hr of a feed is
creat ed f orthid @nsilexanmhy Entthe sahvertivathesies thnfresh Sthgfene
2. Wth still further reduced et hyl ene, the

sél eds AMasf zep (§RQfginehe This (RRAEROIS s oS AR YRS arbutenes
ol ar, S@'O%CWeYdﬂﬁtygagfooBrs d f@ 88r Garid0 t hZGm%le(?al Ulé!;a%ce is

i s equival ent °'/os ectivity rom

The BubtensrizzdrivdrablieoD.i s essential ly the same (37.3 vs
36.5 in exanple 2) under these conditions. Step 3.
The ethyl ene is recovered and recycled. Wth the | ow

level of &4&5R, ety §Mfenticdl Snd b8YO K@/MTNa RIS created for

10 the conventional metathesis unit.

Step 2. With still further reduced ethylene, the selectivity to
propylene is even worse. The overall molar selectivity drops from 88.8
% to 76.8 %. This is equivalent to 57.6 wt% selectivity from C4's.
15  The butene conversion is essentially the same (37.3 vs 36.5 in example

2) under these conditions.

Step 3. The ethylene is recovered and recycled. With the low

level of fresh ethylene, this flow is very small.

20
Step 4. The propylene is recovered. As a result of the very low
sthylene flow, the propylene production is reduced to 3521 kg/hr from
5110 kg/hr. This is only 43 % of the production of example 1.
25 Step 5. The unreacted Cs's are recycled along with a substantial

portion of the Cs's produced by the lower selective reactions. The
combination of lower conversion and the desire for high butene
utilization creates very large recycles. The total recycle flow increases
from 32379 kg/hr to 36800, This increases the conventional
30 metathesis reactor flow to 47265 kg/hr or 40% more than example 1.



20 Step 4. The propylene is recovered. As a result of
the very low ethylene flow,

is reduced to 3521 kg/hr from 5110 kg/hr.

t he propyl ene production

This is

& Wodopodfof the production of exanple 1. 25 t©BsB04/022118
along with a

The unreacted C4's are recycle

d

substantial por
sel ective reacti
conversion and t
creates very |ar
i ncreases from
t he conventi onal
kg/ hr or 40% nor,

ons. 8Th
he desi
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TABLE D

Ethylene
Product 25
Kg/H

335.0

0.5

0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.0

0.0
335.5

Metathesis
Effluent 23
Kg/H

337.2
3540.1

20355.0

8466.4

8

94.0
6346.7

1565.9
5393.2

612.0
1875.0

47265.2

Conventional
Metathesis
Feed 21
Kg/H
892.8

25.1

20355.0

13503.2
169.8

94.0
5394.7

132.5
4584.2

520.2
1593.8
47265.2

Isobutylene
Remaval 16
Kg/H

0.0

0.0

5469.3

134.9
3321.4

129.1

0.0
0.0
0.0
0.0
0.0

9054.7

Cs Feed
Stream 12
Kg/H

0.0
0.0

8557.6

6507.8

3416.0

143.4
0.0

0.0

0.0

0.0

0.0
18624.8

Cz

Cs

Inerts (Butane

+ Pentane)

n-Cz
i-Ca
BD

n-Cs
i-Cs

n-Cs
i-Cs

Ce+

SUM
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Figure 2 - - Example 4 (Present Invention)
Moderate Ethylene
In this example for the case of the invention, the fresh ethylene
5 is 1375 kg/hr. This represents a fresh ethylene/n-butenes of 0.21
weight ratio or 0.41 molar ratio. This case is directly comparable to

example 2. The material balance is summarized in Table E.

Step 1. The autometathesis 38 (automet) takes place between
10  butene-2 and isobutylene. This results in a high selectivity to propylene
via reaction 6. ‘The isobutylene conversion is 57 % while the n-butenes

conversion is 59%. -

Step 2. The product along with recycle 62 goes to the de-
15  ethylenizer 40 where product ethylene from autometathesis as well as

uhconverted ethylene from the recycle is recovered.

Step 3. Propylene is recovered. The propylene product is 5748
kg/hr. This is 12.5% higher than the propylene production from the
20 conventional case of example 2 (5110 kg/hr} with the same fresh

ethylene usage.

Step 4. The depropyleneizer bottoms is sent to a debutanizer 48
where the Cs's 49 are purged. The overhead 50 goes to the isobutylene

25 removal 51.

Step 5. The Catalytic distillation CD- DIB removes the
isobutylene remaining and the isobutane. The flow to the de-isobutylene
unit 51 is 31114 kg/hr. This is larger than case 2 with the same

30 ethylene flow. However, the isobutylene content is 1625 kg/hr or less

than 50% of the fresh feed. |sobutylene content sets the fractionation
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PCT/ US2004/ 022115 25 Figure 2 - - Exanple 4 (Present

I nvention) Moderate Ethylene In this exanple for the
GasBoAfedte i nvention, the fresh ethylene 5 d&dsddRnzziis
kg/hr. This represents a fresh ethyl ene/ n-butenes of
0.21 weight ratio or 0.41 nolar ratio. This case
is.directly conparable to ex%\@rple 2. The rraterial

bal ance_is summarized in Table E. Step 1.

aut offSEEmEsTssdustq Ha eIy -t Eh%gaw%{@@dtféte«i@éﬁostidor this
but e@@ur’nnaél‘é rbﬁ&@é& M'sgﬁt% fTﬂR %a{g &7 Ybhnd ﬂo\?: hi gh
selectivity top actron 6 he

i sobut yl eTtes b@uwmrs.d.s eeNtite tEE.‘ ctmvdritlopal metathbsis easm::r along
conversion is 59% Step 2. The product al ong w

recy@it® Pébvlga%gft@bpvwe ta@ﬂnlrs hernarakiincanters. vmfreethe total
5] odg]cé fgtehgh?fﬁﬁl ene ﬁi@@%ﬁb?eﬁ? h}Ne"Il'hlg%om ares to

unconv e recyc S recovere
St ep5 31 Zngﬂmww@ﬁah"ﬁ)ld zcmvfﬁs &d;rea'Eléas RhO MUbRIE e RE peiotid to
is 5748 kg/hr. This is 12.5% hi gher than the

pr op{areneepeetint heneytpmetathesis 26ad6hvent i onal case of
exanple 2 (5110 kg/hr) with the sane fresh ethylene
usage. Step 4. The depropyl eneizer bottons is sent to

a debut ang#pre.48ThakehesrtitRalPesatAdsialradiuf 086k etffene, at
over head 50 goes to the isobutylene 25 renpval 51.

W epa satiornb etaeneyto r-butese af| b%po ni tepethpleBerie wHicesily fresh

the i €SB EEe dnf Pl 7 L AR BomPingyg T8 ravo
| ar gRrhigh adsLt@se frdmMHdicdhiersaner 38met diihenfriaPBltenes in
However, the isobutylene content is 1625 kg/hr or |ess

t hanttB0%stimetsthesieThattond. Thesbrropylsne sonredicedeat high

he f 2 5/,009929 P /U52004/ 0
r equi PERLBLEY b {3 FgR SARIER fa (DS AP AR R 2-
Bner Biief8 donté® of hﬁé red%/éié'lffﬁrrﬁ'ﬂ?e "C@“Eﬁgdﬂ N 7R bBIRht is

the larger vol une
recycled to the deethylenelzer 40 for product recovery.




27

The bottoms is sent to the conventional netathesis

reactor along wth ethylene after purge to control

the paraffin content. Note the total 5 of purge 54
06%0050,0! Us C5+ 49 is 7452 kg/ hr. This conpgkessibiorziis

ggflzzgiog?hr for exanple 2. This increase is the

i sobutyl ene reacted to form pentenes in the

aut onet at hesi s reactor. Step 6 _The copventi onal
net at hesi s reactor uses jet hyl € 10 8 rati o of
ethyl ene to n-lguj gne 01; 1. 79"«; y! ene IS
primarily freslgﬁ%&_d riecydl & ede Rt Siajce little is
formed in autqigef dtheslgs|s | Thesibat [Beeialigss [¥ijlgh resulting
fromthe convergsgﬁn of |"s|8ne <o} t He| ndr ral” |but enes in
the autonetat h®si s redgctlor|. THus |propy|.ene i s produced
at high sel ecx-i—wl—(-y—g'y bgt-h-tthe—ht-gh—ethyl ene to
n-butenes ratijo grgd the hijgh|2 15 butlenel content of
the recycle friomgtthe D DI|B bl | The |ef f I yent is
recycled to the @eet hyleenel ZEr =d0mE by pduct
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5 Low Et hyl ene Low Ethylene

This is an example of the process of the invention. The available
fresh ethylene feed is only 590 kg/hr, This case is directly comparable

to example 3 and the material balance is summarized in Table F.

Step 1. There is the same autometathesis reactor. 59% of the
n-butenes and 57 % of the isobutenes are converted without ethylene.
Note that almost 300 kg/hr of ethylene is produced. Again, in the
automet reaction, propylene is produced at 44% molar selectivity from

all the Ca olefins but at 66.5% from the normal Cs olefins.
Step 2. The ethylene is recovered and recycled.

Step 3. The propylene product 44 .is recovered. The total
propylene production is 4374 kg/hr. It is significantly greater than the
conventional low ethylene case where only 3521 kg/hr is produced with
the same ethylene consumption. This represents an increase of 24%

compared to the conventional processing scheme of the prior art.

Step 4. The effluent is sent to a debutanizer 48 where the Cs
and lighter components are removed overhead for subsequent
fractionation and the Cs+ components are purged from the system {or

recycled to the cracker).
Step 5. The remaining iscbutylene and isobutene is removed
using a CD DIB in 51. Note that the DIB bottoms feed to the

conventional metathesis unit has very little Cs+ material.

Step 6. The DIB bottoms is sent to a conventional metathesis



This is an exanple of the process of the invention.
The avail able fresh ethylene feed is only 590 kg/hr.
This case is directly conparable to exanple 3 and the

ri al ance is summarized in Table F. St 3
$ﬁ%ﬁ3&ﬁég he sanme aut onet at hesi s reactor. 5995%?ﬁ%ﬁgmnnl
n- but enes and 57 % of the isobutenes are converted
wi t hout ethylene. Note that #%ost 300 kg/ hr of
ethyl ene is produced. Again, in the autonet reactjon,
pr opHNén@fies pyreguie dccaitrd 4peratfimarconéedet i Sidey reacéions are

all the. | ef i t. 66. 5% . LRl .

o1 e HEMEpd i Bpdibodl dieditdd H (R Bg RV trom the
recyctiflend! etheSquatfy RIFCRAKYIEAES iPTd el 14%elt Dy the desire to
recovered. The total propyl ene production is 4374

kg/ hroperate; Biisirgefiathesimreactignealt er molainratigeot ethylene to n-

conventional .l et hyl] en ase wWhere only 3521 [ hr
o orBhERa Sl ch -1 nEMEoREETh ¥ o e ells fapdfon ey the
r epr efRMdedber, Ncrease of 24% conpared to the
conventional processing schene of the prior art. Step
4. The effluent is sent to a debutani zer 48 where the
C4 and lighter conponents are renoved overhead for
subsequent fractionation and the Ca+ conponents are
purged fromthe system (or recycled to the cracker).
Step 5. The renunining isobutylene and i sobutene is
renmoved using a CDDIBin 51. Note that the DB
bottons feed to the conventional netathesis unit has
very little Co+ material. Step 6. The DIB bottons is
sent to a conventional netathesis WD 2005/ 009929

PCT/ US2004/ 022118 29 unit after purge to contro
paraffin content. Side reactions are mnimzed and
propyl ene i s produced at high selectivity fromthe

et hyl ene, The quantity of ethylene is |ow and is set
by the desire to operate this netathesis reaction at
a nolar ratio of ethylene to n- butenes of 1.7. The
effluent is recycled to the feed of the
deet hyl eni zer. WD 2005/ 009929 PCT/ US2004/ 022118 C m N
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31 The advant ages of the invention are as foll ows:

| sobutyl ene can be processeddirectly yi el di ng
additional propylene. By keeping the iso C4's in the
f eed he echenitages of thedngention ars avifeileyvged by i ncreasing
reactions 6 and 7 and the selectivity of propyl ene
fromn-butenes is maxim zed. Further, the greater

quant,i ty |&dbutfiefl etbAS bar %r@&e‘ﬁsb@bhﬁeéw GRINRA! Iaaaaional
netathesis and this can be processed into propylene,

Thi PrPRYIgoRI dyekeaming the isohes' s ﬁra f%edoreaqt@ and 3 are

opent enes re removed bef.ore vent jonal
ﬁ;t dpﬁ\é@ﬁg plncﬁsmg reactions an he ‘selectivity of

propyiene from n-butenes is maximized. Further, the greater quantity of
n-olefins are available for conventional metathesis and this can be
processed into propylene. This is achieved only if the majority of the Cs
isopentenes are removed before the conventional metathesis step.

10
2. By converting and thus removing a large fraction of the
isobutylene via reaction prior to using a hydroisomerization de-
isobutyleneizer or other iscbutylene removal option, the flow is reduced
saving capital cost.

15
3. By using a hydroisomerization de-isobutyleneizer system {CD DIB)
following the reactor, the remaining isobutylene can be separated from
the n-butenes thereby maintaining high recovery of 1-butene that would
track with the isobutylene in simple fractionation. This also rejects the

20 isobutane and thus reduces recycle quantities. Further, since the normal
butenes are recovered as 2-butene, reaction 1 is maximized and the

selectivity to propylene maximized via reaction 1.

4. In the conventional flowsheet with isobutylene removal before the
25  single metathesis reactor, the conversions are sensitive to the quantity
of both ethylene and 1-butene which are present. The reaction of 2-
butene with itself is non-productive {not shown in Table A). If a CD DIB
system is used at this point, the feed to metathesis is 2-butene. Under
conditions of low ethylene and low 1-butens, the butenes conversion

30  will be low as shown by the comparison of examples 1 and 2 where n-



2. By converting and thus renoving a large fraction of
the 1isobutylene via reaction prior to using a

hydr oi someri zati on de- isobutyl eneizer or other
werhabeee renmoval option, the flow is reducgdysanosnaziis
saving capital cost. 15 3. By using a

hydr oi soneri zati on de-i sobutyl enei zer system (CD DI B)
following the reactor, the r ebAi ni ng i sobutyl ene can

be separated from the n- but enes thereby mai ntai ni ng

hi grPyteee Ve esvion - dapeed fromat 5votn @9%r ackhig Wil w@lt in

tho Bb4PERE eyt LR SRGEE BT ALARs JillAeRh: Dol ekl the

t he 1 SO us re uces recyc e Jguan

Fur t fretess i 6TC @hé hpreeniBhverlithe NeighabatdReo\cehesrsRs are
2-butene, reaction 1 is maximzed and_the selectivity
to pm@waléﬁ@ ermst |6H%@YM|QD& evaiippiity. 1 Toqnaximizeneonversions

nve |on vvshe :SQ t Iene val fore
At 3 RmarefRIR ee e atig BE P SRR o RS o g e
sensaﬁd wabuwléﬁbesmm@bbtuetw@én oot Angthyl ene and
1- butene which are present. The reaction of 2- butene

with |tself i S non-productive (not shown in Tabl e A)
s_used at.

et fhesi B T STSB 0o KaoP SR oiod l PR emen s Erio e

‘et hydwaemamighl @Wel -ddstigims dihRvPetNese, CAMVIRES IbRE Sfalyst
wi Il be | ow as shown by the conparison of exanples 1

Hhd gysiwer@ving/®me (B tretion POVitSEoGedo JPhig gsonggizes the

but 57t % Thi |
Fesurpuae Bick BLadh PRl ST radctldh 218 aFgh alnbintes
uti | qzakisPR st%Yn %bfﬁhéé?@ an@'dREBRSh&id (dPndtiR%BA catalysts)
i nventi on, K but enes conversions are nmintai ned

evenhagt Heew elndwhema lm/aubla&ntihla yto thutaséedarippésoning under
conversions. 5 in rrF aut t at hesi i step,..t he tq@ati 0, o{.
0 i selective

2- buPEREERINERE & NEeGENUERRST s obHY) I
ahoubehBge Rl 8RitOi? tWédC@ PiB)omalyNbé @§airés tbom%%f?ully

conversions in the conventional prior art syst hi gh
undecom@mjl thiubedend |ow ethyd eayea loszex led blaﬂ:aabystby
10 s Em havi nt_(‘;] I Somer |

Thi sreBreRsaderm o PEWRE it BchotkoiTet HinisabutlahSrs oo
SRR A S Ay S S
isobutylene. The reaction of 2-butene with either of these butenes is
20 fully productive and thus no isomerization activity is required and high
conversions can be achieved {(69% n- butenes in example 4 versus 39%
in example 2). This allows operation with the WOs on silica metathesis
catalyst only and thus allows a high butadiene tolerance. The butadiens
can be as much as 10,000 ppm in the fresh feed, The butadiene will
25 not build up since it will be hydrogenated in the back end de-
isobutyleneizer. Ultimately this processing scheme will increase the net

butenes feed to metathesis.

6. in the reaction of butenes with themselves and to the extent that

30 pentenes are formed, there is a loss in selectivity to propylene. In the



has been shown to be susceptible to butadiene

poi soni ng under autonetathesis or |ow ethyl ene
conditions. Thus the selective 15 hydrogenation unit

vﬁ(?%oo%&)%z@ DI B) may be required to nore full yor6@0¥6dtus
u I éne and thus have | osses to butanes by

over hydr ogenati on. However, with a back end

de-i sobutyl enei zer, the fee@3% 0 the netathesis is a

m xture of 2- butene plus 1-butene and isobutyl ene.

The cogxentigipl geagenngtiaribe igadiiosi wi etivflenh dsebteaqdgust

Lot P it BL BRI MFecR Brib P mBRh S Sineé B A ot react
achignero(RANIRr ubiH RSt HABPIOS rdoyens SdiB8A6. Mo th

exanple 2). This allows operation with the W3 on
si | iexsentd atmngrm@latttéewtremtl \ylthmhﬁmw'seSamltbw@athesm

h b d The byt adi
oA 02 05 ok o PR ool RaLA bR SR et ek Erre lost
Wi | |10 2Be pRbdiiidndoUproplyRA8, 1din¥ tle E%bl]@ﬂﬂ’éiﬂag@.rl%@% bOrge

the back end de- isobutyleneizer. Utimtely th

pr om@sutngtmcr@wow it isi mr@aéﬁzcwmtetmeesecb@nmegf ft@dso-
to If@taﬁhe {nthe eact i lon. .9 bute ﬁnh t
t herfs&Y'7BS aa?n!b""{’8” & Rt ta'ﬂ‘i‘f‘g?ea SPef e<1E’n8 e gPresen
for Wﬁﬁ’ent[o'ﬁemnésocﬁhhﬁﬁﬁowi%stﬁ esdidativity P nBRARY beftes to
In the WD 2005/ 009929 PCT/ 1JS2004/ 022118 33
10onveoiyleradnd rguenizieg ithe tibrenal datanies iomieabtien hyihestbylene.
i sobutyl ene nmust be rejected as a purge stream prior
to netathesis since it does not react and would build
up in the systemunder C4 recycle conditions. To the
extent that two normal butenes react with thensel ves

in the netathesis 5 reaction 2, 62.5 wt % of the normal
but enes form pentanes and are |ost to the production
of propylene. Since the isobutylene is lost to purge
prior to the reaction, it is nore efficient to reject
some of the iso- butylene as isopentenes in the

autonet athesis step of the present invention while
both inmproving the selectivity of normal butenes to 10
propyl ene and maxi m zi ng the normal butenes for
reaction with ethylene. WO 2005/ 009929

PCT/ US2004r 022118 34 CLAIMS
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1. A process for the production of propylene froma 4
olefin stream 6 containing n-butenes, isobutylene,
paraffins, and | ess than 10,000 ppm of butadi ene

\%B'}PJR}O&WQ the steps of a, passing said C4 ol V\h@ZOMIOZZIIS
streamin contact wwth a netathesis catal yst

aut onet at hesi s occurs and ad autonetathesi s product
I s produced containing ethylene and 10 propyl ene and
heavi er ol efins including isobutylene and paraffins;
b, fractionating said autonetathesis product to renove
an ethylene stream | eaving a deethyl enei zed stream of
said propylene and said heavier olefins and
paraffins; 15 c. fractionating said deethyl enei zed
streamto renove propylene product |eaving a

I8bY| enei zed stream of said heavier olefins and
paraffins; d. processing said depropyl eneized stream

to remove A &gpéég%,eﬂl,g drg%}&iﬁlg o@gfgﬁ?ighé‘ kB %ﬁﬂ?f’ in, stream

heavi ef ol ef'ins stream I ning para
econgainig nmubatepest isohuipikens,aparaffissaiand ngsscAham dl R i |ppm of

paraffin buildup; f. adm xing
%@gélg'?realcﬁﬁé@ﬁgoé‘gisgﬁg‘g' said renmai ning C4 and
heavi e ol passirg said eayrolafin Istraanyuardontagt efthes hnydtahhesis
sufficient fo 2 vent th in
sai d quant PEGUS: el EieERRe B Pe mand e
et hyl ene shnbmetaihﬁkiaproduﬁumwc[duce@nbxﬁahmg éthylehe and
et hyl ene s Iec ed s t ot rati sai
ext er nal sfé’ﬂﬂe@? h?n % tcﬂgﬁﬁ ?'gﬁlgs 'ﬁoﬁu&:ﬁn& éﬁg
ol efin stpaaffinss from zero to 0.8; and WD 2005/ 009929

sai d m xture in

P Ueeoo R e Fiafes “pEfer 18 Bpfve"an
produci ng ethqrenuesttaaaméavmt at hathyerdizzdusiream of said
containing a0 tehe a4 sall haBYier dldtins and parattins;

c. fractionating said deethyleneized stream to remove propylene
product leaving a depropyleneized stream of said heavier
olefins and pérafﬁns;

d. processing saild depropyleneized siream to remove
isobutylene leaving a remaining C, and heavier olefins stream
also containing pavaffins;

e. purging a portion of sald remaining C4 and heavier oleﬁné
stream to limit paraffin buildup;

f. admixing the remaining porticn of said remaining Cs4 and
heavier clefins stream with a quantity of ethylene sufficient for
conventional metathesis wherein sald quantity of ethylene
comptises said removed ethylene stream and an amount of
external fresh ethylene selected such that the molar ratio of
said external fresh ethylene to the n-butenes in said C, olefin

stream is from zero to 0.8; and
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2, A process as recited in claim1l wherein said

conventional netathesis product is conbined with and

fractionated with said autonetathesis product 10 3. A

recited In claim1l wherein said st

%%@??@aﬁ§i sobutyl ene conprises a catalytic F(Prrﬁiszﬂ&mzzus

distillation hydroisonerizatj on de- isobutyl eneizer

process wherein 1-butene is converted to 2-butene. 4.

cancelled 15 5. A process as recited In claim1l

wherein said butadiene level is limted to a | evel of

| ess than 500 ppm 6. A process as recited in claiml

where §he aut ki i ' kske &f

aroup 1A SeoU XEUARRY Rufeh Tkl wilt 2 DBIrEES Sl

unsuppor t ed@nd7thembyr preducnmfa epnvenicalnestathesie product

aut onet at heghSif ' ten oxide on silica.

25 a. A pr %ges!sn(ﬁgéd(ﬁﬁg’?jﬁqéo ere the autometathesis

catalyst is admixed with a Goup IlA basic netal

oxi de sloublge hg I kZatih o tal 119 s ;

of cl a?'m 8 erg%shégggjcgﬁ Igoﬁgﬁfsﬁn\glﬁr_g]gt isglﬁ %ﬂ@&ﬁ]ﬁn?!

canaidthesis praushignecsnbingdowith end Srecnpatzdositro sgid 20itometathesis

P(&M&d 004/ 022118 36 10, A process as recited in

cl™aim’l where the conventional netathesis catalyst

consists of a group VIA or VII A netal oxide either

support ed i . | ad :

whore the CopUURR BRIBARL.in Hekh. 1 OpRAFEd i 6 & fimding

t usnhstyleneox colopidsessi Bi ceatalylie  Alspliadlons shysiroisoraerization  de-
' . ) , © 10

A Bl P A R R e e a gl Sbuttlenl e bond

i somerization catalyst. 13, A process of claim12

where jhe bond i sonerization catalyst 1is

rragnes%’um %)%ﬁgéel.%dw 14. A process of claim 10 where

the conventional netathesis catalyst is

8. A process as recited In ¢laim 1 whereih said butadiene level is
limited to a level of less than 500 ppm.

6. A process as recited in claim 1 where the autometathesis catalyst
consists of a group VIA or VIIA metal oxide either supported or unsupported.

7. A process of claim 6 where the autometathesis catalyst is fungsten
oxide on silica.

3. A process of claim 6 where the autometathesis catalyst is admixed
with a Group lIA basic metal oxide double hond isomerization catalyst.

9, A process of claim 8 where the double bond isomerization catalyst
is magnesium oxide.
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fornul ated to have both the netathesis reaction
function and a double bond isonerization function.
15. A process for the production of propylene froma

hdda Stream 20 contai ni ng n-but enes, ‘
%o%hﬁ%%gne, paraffins, and |ess than 10, 000 SpATaf 022118

but adi ene conprising the st#ps of., a. passing said C4
olefin streamin contact with a netathesis catalyst
wher eby aut onetat hesis occurs and an autonetat hesis
product is produced containing ethylene and 25

propyl ene and heavi er ol efins Including isobutyl ene

and  RBY af kigftest as el i? BRI it theXbRBRE QR Bthesis
product to renove an ethylene streamleaving a
diséalysi| emsisteof st oeeun MAseri VilApmetn) | @fde 2iftes ssupported or

hﬁggb%{rtegl efins and paraffins; 30 c. fractionating
sal eethyl enei zed streamto renove propyl ene WO

2005/ 00|9929_ PCT(US2004/ 02211_8 37 pr oduct | e_avi ng a
depr opy e?ﬁ'g_?o%g?%f &M A wﬁ%‘ilaé;g@\‘g%@ﬁona?Fn%fdéﬂé'fi?%gtr%lyst is

par af fihs ocesSsi ng sa enel ze

ttongsterondde hesil®.+ 5 fraction leaving a m xed ¢4
stream e, processing said mxed C4 streamto renove

the isobutylene |eaving a remaining normal C4 ol efins
st r eartRal sA pomwesaoihdlaion 1(panherethensonvbntional gietayhasis catalyst is

J f id I.0i r el | ef i St 0
vt withaodh (B8P g 28 Dannte mhng EperEaiot g et
portion of said remaining 04 olefins streamwth a

ti t'hyl i ci f ti l .. :
et at Heoi SMRRREPH i Galft 14 ths 8ioIE BRH Brine2Bagmm cuavet
siginthghesiomvedtieet hyl ene stream and an amount of
external fresh 15 ethyl ene sel ected such that the

mol ar ratio of said external fresh ethylene to the
n- but qaes Amprsrbs ol dait] &F Whertihée adRvehtiordl BiRtABESiscatalyst is

0.8; an .
formulated to have both the metathesis reaction function and a double bond
isomerization functioh.

15. A process for the production of propylene from a C, olefin stream
containing n-butenes, isobulylene, paraffins, and less than 10,000 ppm of
butadiene comprising the steps of:

a. passing sald C4 olefin stream in contact with a metathesis
catalyst whereby autometathesis occurs and an
autometathesis product is produced c¢ontaining ethylene and
propylene and heavier olefins Including isobutylene and
paraffins;

o} fractionating said autometathesis product to remove an
ethylene stream leaving a deethyleneized strearn of said
propylene and said heavier olefins and paraffins;

G, fractionating said deethylensized stream to remove propylene
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It passing said adm xture in contact with a netathesis
catal yst and thereby produci ng a conventi onal
net at hesi s product containing 20 additional

WhOMkloesAey 16. A process as recited in clai mptgus2004/022118
wherei n said conventional netathesis product is

conbined with and fractiondt/ed with said

aut onet at hesi s product. 25 17. A process as recited
in claim15 wherein said step e of renoving

i sobutyl ene conprises a catalytic distillation

hydr ol sonmeri zati on de- isobutyl eneizer process wherein
1- but ene iodumhVieavingl at def@omyiereined stream of said heavier

olefins and paraffins;

d. processing said depropyleneized stream to remove the Cs +
fraction leaving a mixed Cy4 stream;

e. processing said mixed C4 stream {o remove the iscbutylene
leaving a remaining normal C4 olefing stream also containing
paraffins;

f. purging a portion of said remaining normal C, olefins stream
to iimit paraffin bulidup;

g. admixing the remalning portion of said remaining C4 olefins
stream with a quantity of ethylene sufficient for conventional
metathesis wherein said quantity of ethylene comprises said
removed ethylene stream and an amount of external fresh
ethylene selected such that the molar ratio of sald external
fresh ‘ethylene to the n-butenes in said C, olefin siream is
from zero to 0.8; and

h.  passing said admixture in contact with a metathesis catalyst and
thereby producing a conventional metathesis product containing
additional propylene.

16. A process as recited in claim 15 wherein said conventional
metathesls product is combined with and fractionated with said autometathesis
product.

17. A process as recited in claim 15 wherein said step e of removing
isobutylene comprises a catalytic distillation  hydroisomerization de-
isobutyleneizer process wherein 1-butetie is converted to 2-butene.



