Processing C4 Aefin Streans for the Maxi mum
Production of Propyl ene Background of the Invention
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A tdguitbanizen wavercearsksd rofGloiktuce of gonpainds frangiogiingarbon
coanuomnggrt From Cs to Ce. This mixture is separated into different carbon
numbers typically by fractionation.
The Cs cut, primarily propylene, is removed as product and is
ultimately used for the production of polypropylene or for chemical
synthesis such as propylene oxide, cumene, or acrylonitrile. The methyl

acetylene and propadiene (MAPD) impurities must be removed either by

fractionation or hydrogenation. Hydrogenation is preferred since some

20  of these highly unsaturated Cs compounds end up as propylene thereby

increasing the yield.
The Ca cut consisting of Ca 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%:

Cs acetylenes trace
butadiene 33%
1-butene 15%
2-butene 9%
30 " isobutylene 30%

iso- & normal butane 13%
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renoved first. This can be acconplished by either
hydr ogenati on or extracti on. éf extraction is
enpl'oyed, the renmaining 1-butene and 2-butene remain
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butene feedstock for subsequent operations downstream. The butenes
remaining in the mixture consist of normal olefins (1-butene, 2-butene)
and iso-olefins (isobutylene). The balance of the mixture consists of
both iso- and normal butanes from the original feed plus what was
produced in the hydrogenation steps and any small quantity of
unconverted or unrecovered butadiene.

The butenes have many uses. One such use is for the production
of propylene via metathesis. Another is for the production of ethylene
and hexene via metathesis. Conventional metathesis involves the
reaction of normal butenes (both 1-butene and 2-butene) with ethylene.
These reactions occur 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
rhenium oxide supported on alumina. Isobutylene (isobutene) 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 Ca's is limited in the presence of excess

ethylene. Non-productive reactions essentially occupy catalyst sites but

produce no product. [f allowed to remain in the feed to the metathesis



The butenes have many uses. One such use is for the
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It is common to employ an isobutylene removal step prior to
metathesis. Options include reacting it with methanol to produce
methyl tertiary butyl ether (MTBE) or separating the isobutylene from the
butenes by fractionation. In U.S. Patent 6,358,482, the inventors teach

20  the removal of isobutylene from the Cs mixture prior to metathesis. This
scheme is further reflected in U.S. Patents 6,075,173 and 5,898,091,
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 Cs 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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It is known that isobutylene removal from the Ca stream can also
be accomplished by employing a combined -catalytic distillation
hydroisomerization deisobutyleneizer system (CD DIB system). This

system will both remove the isobutylene and recover n-butenes at high

20 efficiency by isomerizing the 1-butene to 2-butene with known

25

isomerization catalysts 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-
butene as the fractionation occurs. This allows greater than equilibrium
amounts of 1-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 C4 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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,430, Scwab et al disclose a two-step process for the
production of propyl ene. The gl rst step consists of
reacting 1l-butene and 2-butene in a raffinate ||
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di sixypbaatesnistiohes. MrrrBEéepalrfm compaudds shiteggan compounds,
cont gl HI n\g i sobuyt yl ‘f
eavy metals. is common practice to employ guard beds
upstream of the metathesis reaction system to insure the removal of
these poisons. It does not matter if these guard beds are directly before
the metathesis reaction system or further upstream as long as the
poisons are removed and no new poisons are subsequently introduced.
Metathesis reactions are very sensitive to the location of the
olefin double bond and the stereo-structure of the individual molecules.
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
non-productive. As described above, non-productive reactions 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

and alpha olefins. If fully productive reactions occur, new products are



but ene, and 2-butene (plus paraffins), it is difficult
to separate isobutylene from 1-butene since their
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selectivity to propylene from total Ca olefins (including isobutylene) and
the selectivity to propylene from the normal Cs olefins involved in the
reaction. The reaction of isobutylene with 2-butene (reaction 6)
produces propylene and a branched Cs molecule. For this reaction,
propylene is produced at 37.5 weight% selectivity from total Ci'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 Cs olefin stream with ethylene. However,
the Cs4 stream can also react without the presence of ethylene as a
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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1-butene + 2-butene - propylene + 2-pentene

(fully productive)
1-butene + 1-butene > ethylene + 3-hexene

(conventional metathesis) (fully productive)
(half productive)

isobutylene + ethylene < no reaction
isobutylene + 2-butene > propylene +
2-Me 2-butene (fully productive)
isobutylene + 1-butene > ethylene +

2-me 2-pentene (half productive)

2-butene + ethylene > 2 propylene
1-butene + ethylene = no reaction

Reaction

1
2
3
4
5
6
7
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build up as the n-butenes are recycled to achieve high yield. Second, 1-
butene is isomerized to 2-butene by including a double bond
isomerization catalyst such as magnesium oxide admixed with the
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 position to the 2 position. Thus by operating with
excess ethylene, eliminating isobutylene from the metathesis feed prior
to reaction, and employing a double bond isomerization catalyst, reaction

20 1 is maximized.

When there is limited or no fresh ethyleng (or excess butylenes for
the ethylene available), there are currently two options 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. Ultimately, 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



2-Me 2-butene (fullyproductive) 7 isobutylene +
1-butene -> ethylene + Slow O 0 2-ne 2-pentene (half
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maxi m zed. When there is limted or no fresh ethyl ene

( ort sxpessiblbuoykeyrs these olefins back to the metathesis step where
for example the reaction with ethylene and 2-pentene will occur yielding
propylene and 1-butene. The 1- butene is recovered and recycled. Note
however, with limited ethylene, reaction 1 can occur only to the limit of
the ethylene availability. Ultimately these non-selective byproducts,
pentenes and hexenes, must be purged from the system. While the

presence of these olefins impacts the required size of the equipment,

they do not represent losses of potential propylene production.

Summary of the Invention

An object of the present invention is to maximize the production
of propylene when processing a Cs cut from a hydrocarbon cracking
process when the supply of ethylene is limited and when the Cs cut
contains high isobutylene and isobutane levels. The Ca stream has had
butadiene removed to a level where the inlet concentration is < 10,000
ppm. This stream is commonly called a Raffinate I. The invention

involves a first step (1) of subjecting the entire C4 cut to autometathesis
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Overall, since reaction 1 has the highest propylene selectivity, it
is desired to fully maximize this reaction. Under conditions of low
ethylene, butenes will react with each other. This will not only produce
propylene at lower selectivity, it consumes two butenes (rather than one
as in reaction 1). By allowing reaction of normal butenes 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 isobutylene is removed by
reaction not fractionation. In the second conventional metathesis step,
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.

In step (4) above, the Cs and heavier components (pentenes and
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ar e rem)ved I eaV| ng a m xture of butenes (1-butene,
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C4 olefin stream for propylene production.

Figure 2 is a flow diagram of the system of the present invention
for processing a Ca olefin stream to maximize the production of
propylene.

20
Description of the Preferred Embodiment

Before describing the present invention in detail, a typical prior art
system for the production of propylene from a C4 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 Cs 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
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with that same |inmted anount of ethylene as in the
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consi st of both normal olefins and iso-olefins. The
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15norrggy|/clgl(§4f istrr]gar%rfofugrs jjec\’éclaaa tgec%%tvlegﬂgngl metathesis at 22.
Fresh ethylene 19 along with unreacted ethylene and some product
ethylene from separation step 24 as stream 25 is combined to generate
the feed 21 to the conventional metathesis step 22. |t 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 C4 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
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Under those cases where the molar ratio of ethylene to the Ca
stream is zero or less than 0.5 weight ratio or 1.0 molar ratio, the Cs
15  stream is processed more efficiently and the total propylene made from
a steam cracker or fluid catalytic cracker Cs stream that contains
isobutylene and isobutane can be increased according to the present
invention by first employing an autometathesis step followed by an
isobutylene removal system downstream of the metathesis reaction
20 instead of upstream of the metathesis reaction as is commonly practiced
in the prior art. Then, a second conventional metathesis reaction
system is used where ethylene is reacted with the recycle Cs stream
following the isobutylene removal. It is preferred that the pentenes be
removed prior to the Cas 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-
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Fr fentonae; bippraatiye e thEGodean iR drobiRigE B isstnt and
| S oAty A Peidn 6 0RHY s1ctivity of pRSHYIBHE frofh ehe AMHRIESES is
hydr oi soneri zati on dei sobutyl enel zer catal ytic

di S5%liastead ofy&1.869b @ENHt DioBId e tviaryedationf 2 ac zernas itomould

to renove bqgth is%butyl ene and i sobutane conbi_ned with,
hy &€oYi8 JRaFTI9RT- ok Ubtel. Huflen &xters Baph feapidon f occurs with
maxd A\ e_ 4 t e slaS OQE..:

5T BB 1eb 02 o IUREPEOSRA b AL ABUL BoRRabe for
| SedtiidIé.eNehitd tHdre iT 6 reguérmient fdsekt avmpddsifib®rgtios, it is
with the recycle C4 stream 20 is subjected to
comvefieriednshatrdbet iasioi of a2-bpenerriesithetsiynent T-Hutgns@nd
with unrlgact.ed et hyl ene_and sonme.ptoduct ethyl ene rf1.rom
sepHRHYERESSeReF4 14D Q9L E?’ﬁ"g"z@oﬁﬁmﬁ%r&' Rg I this auto
gensdtfedid Stdieth ist@skhs FAINEBohANSbERLALS Hatalyst is
step 22. It is commopn but not required t o iInclude a

10 do bkt @ebesdriiys asad irzadrmbimatiah aliyls thedmatatesisi ¢dtalyhe Since
nmet at hesi s catal yst to convert 1-butene to 2-butene.
| n the BYREQgaNREeN Jeprtinnssdseshto regaRyq Hirsbytadignegtodpy levels

0CGHo bzgogg{)ﬂ% H{/Qro\?\?cﬁf&gﬁt%eo? q'—&?{e@ég&é ?géltitgrzeg?ﬁeo bbove-

| ess. SO ocCcur _
I Sﬁﬁe?{ticﬁ?@cﬁf&tiodﬁpgfbiﬁéhe i®ehe S0 6PNCRIehatdn@nisébutylene is
et hyl ene.

easier to obtain under conditions where some butadiene leakage from
15 the hydrogenation step is allowed and butadiene levels are >500 ppm.
Following the autometathesis reaction at 38, a recycle stream 62
is added (to be explained later) and ethylene 42 comprising any product
or unreacted ethylene is removed at 40. This ethylene 42 is available
for use later in the process. The ethylene removal at 40 is followed by
20 separation of the propylene product 44 at 46. The Cs and heavier
effluent 47 from the propylene separation step 46 is then separated into
a Ca stream 50 and a Cs+ stream 49. 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.
Isobutylene 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
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be 1ihnucsr, gtﬁg ?gqlﬁgecrgérgtisnl%rtthg istorg)%telreﬁg%wd isobutane removal step
are considerably reduced as compared to processing the entire iso Cs
flow as would be the case where the isobutylene is removed prior to
metathesis.

The isobutylene removal avoids unproductive metathesis reaction
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
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

the volume of the recycle and purge thereby increasing the Cs utilization.
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proceeds rapidly and at high selectivity as described above in reaction
1 for conventional metathesis. With the limited ethylene, by removing
the isobutylene, the reactions proceed more efficiently. Further, for the
case where 2-butene is maximized by employing a hydroisomerization
20 de-isobutyleneizer catalytic distillation tower, the propylene selectivity
is maximized 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 C4 stream
25 consisting of 18,625 kg/hr of a C4 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%
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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 Ca 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 (9570 kg/hr) is essentially a pure

2-butene stream mixed with paraffins.
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{ it '

Fr ol vl B0l reBVORC B8 oM he ULt ABRYEE: 24 and

Thipe réd\lé 8aUiro @MYL G, frastidMRionseiém B0 gafddpurge 36) and
i sobut ane renoval step are considerably reduced as

5corfpdrtedtheommtathesis ogitt 2. ehiné meetaglesiz Urlibaoataing bloth a
be the case ere the isobutylene is renpved _prior. to
et P GRS ot AouB bieh B asRIonGAIRRSL. Thord s aonce
un p(g}qz{ Q i [ |
foﬁbovvl gs‘gr/gggasr?usrte@r}?n%'he ogfél}%ﬁmsé@ngf@uﬁg&?ﬁgb gE‘Pﬁy to
I sqopyleasesr @dtn.al Seleotieisgds defmadoas! thel dans idfi pabpylene
Wth respect to the process involving the reaction

Wi tmoﬁg@%n@l mols gt sEYiNaITBEN-RBAEYes someipedndqts that the
10, & RS & it el o BF e IPIEE ' Dt B expess

54.ethVlepel s al so true of the renoval technique where

I sobutylene is reacted with itself to formisooctenes.
In these case, the purge will contain normal butenes

as well thus limting the propyl ene production as a
fesul t GTEPrR | bBS WRVISBFRISRArERE hded degilpngneizer 24
de-dr3oRul Y8 16! Righ dtilRaliGPYE%) N8981 kg/hr of product ethylene,
15  which is purged to remove the small amount of ethane contained in the
fresh ethylene stream, is then combined with the 2750 kg/hr of fresh

ethylene 19 for feed to the metathesis reactor 22.

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 Cz 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 C4 stream since they can be
recycled as described above. Following fractionation at 30, the
remaining Cs stream 34 has a purge 36 to eliminate Cs paraffins from

the metathesis loop. The Ca'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



i sobutyl ene by fractionation also renoves the
i sobutane. This reduces the volune of the recycle and
W@ e0goeowker eby i ncreasing the C4 utilizati on. TPET/US2004/022118
preferred option for renoving the isobutylene at 51
is the previously described q dr oi soneri zati on
de-i sobutyl enei zer catalytic distillation tower (CD
DIB tower). This not only renoves both isobutane and
i s&B@t YMine but it al so isomerizes 1-butene to
2-butene. This maxim zes the recovery of the
n- butenes, by mnimzing the 1-butene that is | ost
with the isobutylene in the overhead product, and it
produces all or nost of the n-C4's recovered as a
bottom product fromthe tower as 2-butene. This wll
maxi m ze propyl ene selectivity in the next process
step. Follow ng the isobutylene renoval step at 5 1
and any required purge at 54, the isobutylene free
stream 56 i s subjected to conventional netathesis with
ethylene at 58. The ethylene is a conbination of the
et hyl ene that may have been produced in the
aut onet at hesi s step 38 by reactions 3 and 7 and
renoved at 42 and the limted amount of fresh ethyl ene
60 avail able. The reaction between et hyl ene and
2-butene proceeds rapidly and at high selectivity as
descri bed above in reaction 1 for conventiona
metathesis. Wth the |imted ethylene, by renoving the
i sobutyl ene, the reactions proceed nore efficiently.
Further, for the case where 2-butene is maxim zed by
enpl oyi ng a hydroi soneri zati on de-i sobutyl enei zer
catal ytic distillation tower, the propyl ene
selectivity is maxim zed via reaction 1. The effluent
62 fromthe conventional netathesis reaction at 58 is
conbi ned and processed with the effl uent
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fromthe first autonetathesis reaction at 38. Listed

bel ow are vari ous exanples for processing a C4 stream
wa@omwsiostdoeng of 18,625 kg/ hr of a C4 stream of PEEUS2004/022118

followi ng conposition in nol percent: i-butane 28.38%

n-butane 16.42%trang 2-butierle |14. 09% c|s|2;butegew
8. 89% - but ¢ne 13 53%|But agﬂ ene (0.181 % i sobuf %I en‘a =
18. 64% ot her 0. 249 jsghut ¥ é‘he:a:s%rofmtcmg,l but En@s =
33. 9% 2- but ene/ \gt\pnewgmm@wﬁna}: SP. 98/ 31
17 = 0.73|In tReSe dxanpEis| Yavier BN Q| T et Bht Oegel s
of ethyl eng¢ aredconsildered [ag flol | oms nftheifi r.sg
case, 2750 |kg/hr ethyl ene ils laviai| abl g s|fresh eed.
This represents a high |et hyl gne/ norjra] putenes wei ght
ratio of 0/412.81n|the|secand casle,| 1876 <g ht o& 5
fresh ethyl end =STa ’lg abbs 'gpi ' r al, :
moder at e Wi gﬁt:rgtl_tﬂcf & 231‘_: 5 tHEST %jcoc‘asea, 2
only 590 kg/h® Bf<flrefh} efhyllene [ s| ava|Tablg| THiois
. . . . c C
a | ow wei ght %akio|of ¢.09./ Rraductiop patefial — 3
bal ances will be defilned far [each of fhese :asesc').g
compari ng both the conventijonal| process| ng schene. ¢
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i sobutyl ene is renoved prior to netathesis and the
processi ng schene of the present invention. Figure 1 -

WO 2@Esa0pke 1 Conventional Processing Wth H ghr@t/ogloese22118

10

15

20

25

30

In this case 2750 kg/ hr fresh ethylene is avail able
for a n-butene flow of 6651 hr. This is a 0.41
weight ratio or a 0.85 fresh“feed nolar ratio. The

mat eri al bal ance is spnnarhzed in T@P%f B. Step 1. The
C4 feed is first sent Cat B stillation DI B

tower 14 where 90§@“N§7‘H?“‘?Jf“"9§6’@[§? Bylenand i sobut ane

is renoved as overheads 16. The bottom product 18

(9570 kdhhhg sesord szampéd, Ihalfatlmnthy[érieus anailaile ¢d8V5 kg/hr
d wwth paraffins. Step . The bottom stream 18 i s

Smi ié%ﬁhmetﬂhvlan%)oanatresfﬁ%nt# a8k gthalane etﬁen:ttwtsﬂes ratio of

R N T N

rac |ona I on sys em

pursgenrd@rizédeh Tadlet @. t he netat hesi s uni't 22. The
netathesis unit contains both a netathesis and a

doubl e bond isomerization catalyst. There is a once

t hr ough 59% nor ene onverS| n_and

o oot R0 1oL TRisdRyiantear 20 shirien ity HBog Rashl (18,624
defrh‘?\%@ @@54)*1& oelscgregfe‘apﬁdﬁﬁs oWn%HﬁﬁHal%@tﬁﬂlaésQ]‘mt.
et hyl ene and utenes consuned. Note that the

conver si on of the smal | anmount of isobutylene is |ow

due to excess et hééene Step 3 . The ethylene is
separ at edfepr? + hiVithesedHnesheiiuiens: the sairetvélyyta BePmybene is

Rl A e WL S 20 A T
of fh{RAE MVErdifRds hiyHR§66 vs 40%) and the butene conversion

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 resuit of the lower
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
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 Cs stream and thus
avoid excessive capital and energy costs, purging is increased and the

overall utilization of butenes decreases {(79% versus 88%).
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fresh ethyl ene
kg/ hr

WO e@sinea2®2. Step 4 .
product (containing 8 145 kaqg/hr

stream

is then conbined with the 2750

A total

of 8 163 kg/ hr
propyl ene)

is

of fresh ethylene 19 for feed to the netathesis
pPPOPYEMN€022118

recovered as t
28. Step 5. Bef
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ct 2

18. 6

L 6.0

Metathesis
Effluent 23
Kg/H
687.3

5123.4

20342.6
8699.5
145.2
93.8
4630.8
179.0
2794.0

499.5

688.1

43883.2

TABLE C

Conventional
Metathesis
Feed 21
Kg/H

2033.9

.3

20342.6
13700.1
216.8
93.8
3936.2
152.2
2374.9

424.6

584.9
43883.2

Isobutylene
Kg/H

"Removal 16

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

85567.6
6507.8
3416.0
143.4
0.0
0.0
0.0 -
0.0
0.0
18624.8

C:

Cs

Inerts (Butane

+ Pentane)

n-Ca
i-Ca
BD
n-Cs
i-Cs
n-Cs
i-Cs

Ce+

SUM




wWQ20®58092% n-Ce 0.0 0.0 76.1 93.

5

10

15

20

25

30

BD 143.4 129.1 75.8 75.8 0.0 O.

2 13.9 n-Cs 0.0 0.0
457.4 560.8 0.0 0.0 103.5i-Cs 0.0
30

0.0 95.8 117.4 0.0

.0 0.0 17. 2rCF/082004/G22118
0.0 74.8 9 1.7 0.0 0.0 16.9 Ce+ 0.0 0.0 5.1 6.3 0.0

0.0 1 .2 SUM 18624.8 9054.7 33y77.7 33777.7 3981 .8 8
163.5 3991 .3 It is to be noted that the listings in
this Table B as wel | RS theI _f'_oEl(ovvi p%gtabl es for C2,

C3, n-C4, i-C4, n-C?:I, 19U | 2 EXaMPIERal | refer to

ol efins. The BD IisteRyentionalday Kthyleneput adi ene and

all paraffins for the C4 and C5fractions including

i so- andnrbisnfial pxeafple hr theecogveniiedalassentrd fresh gthndene
1 - - Exanple 2 nventi gnal Moderate Ethylene In the
sedd ﬁaﬂeﬁ%r)e(ﬁ %%gm/hfh e T BiSHEPERRENtS afiRsh aHivéene/ghyitenes
kg/ Iy of Y, e Thihs r t .
-5l Qa8 WeEhg Mseger 016 alollt FARS e yEh{BtoF Bhidie s
f r agtivhAarizddén mabrrbal bal ance is summarized in Table

C. Step 1. This is identical to exanple 1 and 9570
kg/ hr (18,624 m nus 9054) of feed is created for the

conventignal., metat hesis unit. W.t h. r educed

ot hyl oncs3PHL Sahidt PR sid SR Rae of & fegde epated for
ThehBRlgMyeR BbRSI hétdthediQRt,L 0 88.8 % from 99 % The

et hyl ene conversion 1s higher (66 vs 40% and the

but ene conversion is lower (36.5 vs 59) under these
conditions. Ste e ethylene is recovered and

3 . Th .
recycl ed®teBiep With sHl fwwdsyireduced strvgoer Hae saleciivity to
r e%bbylgﬁetiggvérﬁ)wgrse. The overall molar selectivity drops from 88.8

% to 76.8 %. This is equivalent to 57.6 wt% selectivity from Ca's.

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.

Step 4. The propylene is recovered. As a result of the very low
ethylene flow, the propylene production is reduced to 3521 kg/hr from
5110 kg/hr. This is only 43 % of the production of example 1.

Step 5. The unreacted C4'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

metathesis reactor flow to 47265 kg/hr or 40% more than example 1.
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et hyl ene flow, the propylene production is reduced to
5 110 kg/ hr from8 164 kg/hr. A drop of 37% Step 5.
wab@swomeact ed C4's are recycl ed al ong wi th a PCT/US2004/022118

substanti al portion of the Cs's produced by the |ower
sel ective reactions he [cqnbi nat|i on of | | pwer
conversion and|t he ge& re flor iugh but enel uti i::gtion
creates very |arge iegyel 6. %ﬁ.@t ICrelArdbeRi &
reactor flow increages H|Qm 3 okiof 11| & (B3 8Z=( a
factor of 1.3)) In &fer |[tqd | R The o fRr®|®|~N|S
concentration to apg oxi matlel y [60% [of| t he| C4 st 1eam
and thus avoi diexcessi Ve |cgdpitdl |Jand lenergy| cpsts,
purging is incrheased and |the oJerjal|l [utj!l}zation of
but enes decrea<>es®(ﬁ9%ve[\sus 889% . [TABLE C ®
Conventional C4 Q\ngl &1, Net atbes| S| MeLaghesi s
Et hyl ene Propyl engjegt Soall @@@Id@?e&jdzdlg
Effiuent 2 3 Plod8c® F>k$§:duct 26 G4 Pufge B 6mKg/ H
Kg/ H Kg/ H Kg/ H Kg9'I-$ZKg/H Kg/H Q2 |0./0 0.0 ROB3|9(687.3
685.2 2.1 0.0 0.0 0.40123.3 5123.14 1.0 5096/113]9
| nerts (Butane|+ Pentane)| 8557.|6 [5469. 3| 2p342| 6
20342.6 0.0 7.1 3@48. 3|P{C4 65Q7.[8 [134.9 [13700. 1
8699.5 0.0 4.4 1354—-63:()@ 341 6|13 ol R B 8195, 2
0.00.221.7BD1 %45’1@0'1 95|53 I D 8| G| &40
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n-Ce 0.0 0.0 2374.9 2794.0 0.0 0.0 419.11i-Ce 0.0 0.0

424.6 499.5 0.0 0.0 74.9 Ce+ 0.0 0.0 584.9 688.1 0.0
wW020500226 SUM 18624. 8 9054. 7 43883. 2 43883. 2 BEBHUR2084/022118

110.1 571 2.4Figure 1 - - Exanple 3 Conventional Low

Et hylene In this final exan‘plfsfor t he conventi onal

case, the fresh ethylene is alnost zero (590 kg/hr).

This represents a fresh-ethvyl e n- but enes_.of . 0. 08
wei ght ratio o'%gﬁre. 8 ﬁ’f gl?aﬁ?ﬁor.es {eﬁwﬁf‘@f’f‘él
bal ance is sunmarized iiodemte Edylepey 1. This is

i dentical and 9570 kg/hr of a feed is created for the
convent ilorthis exarapleekirgharmase dfttbp iBvemilar, e frésh ethylene

furth educed et hyl ene, the selectivity to propyl ene
s 1BVLA7SFBT. THAISCRTaIentHcA éfesgtepﬁ&t'mﬁ/ngbtapaﬁ% of 0.21
fr 9% t T TS Lyal 57

seﬁ&%@ \;i g g%fé}ogﬁ%dinﬁla%ﬁgﬁbu? gﬁ%%é%ﬁ\}%rﬁﬁsﬁeoﬁyicsanpé(\‘ta%fe to
esseaimplel Y. The pateial Balahceds 3Gnimbnz&kanPheled), under

these conditions. Step 3 . The ethylene is recovered
and recycled. Wth the low |l evel of fresh ethyl ene,

this fl s, ve smal | . e The pr | ene i s

recover é%‘.eijs' a%gﬁrﬁ?mﬁ%ﬁgsfﬁﬁ )(Plquﬂfééf%ﬁeéeraW B vveen
10t NeHREAEY &AL RLOEHERE. O hisSrekBRE G High 3aidttit@( 6 pféRiTene

5 110 kg/hr. This 1s only 43 % of the production of

exarnplreactionSd e He. isdbatylemecamtvedsid is 5ar% whidy ched-butenes

along with a substantial portion of the Cs's produced

by qHWergaRis 99%ct i ve reactions. The

&)

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

unconverted 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 b1.

Step b. 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. Isobutylene content sets the fractionation



conmbi nation of |ower conversion and the desire for
hi gh butene utilization creates very |arge recycles.

wab@soaad recycle flow increases from 32379 Kkp¢usS1004/022118

10

15

36800. This increases the conventional netathesis
reactor flow to 47265 kg/ hr g 40% nore than exanpl e
1. TABLED Conventional C4 Fee qsobutyl ene Met at hesi s

B 05 Bl R TS by i

36 0.0 892.8

337@@55@%%&%&% gg g&&gf lfhé(gé %Wégg%ﬂ%v‘g 5 3510. 7

4. 3 | nermire ddmsds sefetd m¢oﬁféilitoﬁa5#@9at&e§@3550ﬁr along

20355.0 0.0 4.9 3052.5 P-C4 6507.8 134.9 13503,

8406ith eghyepe gftfzegrsse tacgorynalghe pswaffin epntent. sNege the total

£0.0.0 1 13 129.1 1 14,

5p; &f oilrgeosd Brg s s €35 ¢¥is07 85308, s astpargs to

1325'151 iﬁg/rﬂ or %x@nﬁ)le?:i 4THrsQﬁcQaa@er Qhé%&y@%@eregcted to
09.0 i-Ce 0.0 0.0 520.2 612.

+ Go%@@t&ﬁéﬁlrethlesﬁﬁtomnﬂamém@ré&s&loe SUM 18624. 8
9054.7 47265.2 47265.2 335.5 3520.9 651 1.3Figure 2 -
- Example 4 (Present Invention) Mderate Ethylene In

tePihf/I :X%’EBID% F o g RBnGaREoI rhBfthDMENEAAr USBE chhfigRe, at

a ratio of ethylene to n-butene of 1.70. The ethylene is primarily fresh
and recycle ethylene, since little is formed in autometathesis. The ratio
is high resulting from the conversion of some of the normal butenes in
the autometathesis reactor. Thus propylene is produced at high
selectivity by both the high ethylene to n-butenes ratio and the high 2-
butene content of the recycle from the CD DIB 51. The effluent is

recycled to the deethyleneizer 40 for product recovery.
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is 1375 kg/hr. This represents a fresh
et hyl ene/ n-but enes of 0.21 weight ratio or 0.41 nol ar

WO 26050099Thi s case is directly conparabl e to exe@pUs2084/022118
The material balance is sumarized in Table E. Step 1.
The autonetathesis 38 (autonet) takes place between

but ene- 2 and (+sebutyeneTHht-sresuitsTHr—a hi gh
selectivity tg propylenge yia feaction 6.| The
i sobutyl ene ¢8nwersiop |.s| 54| Po|whill € it he|_n- but enes
. . — [9)] 4 -
conversion i $E5b%: Stigp|2 IR Ar d@IBE caloong wi th
recycle 62 go@st £ 2o t@@e%@ééngﬁﬁﬁ wher e product
et hyl ene from§a&#Eonet gt hesis ag wel | |ap {Unconvert ed
et hyl ene fron¥the recycle|is recovergd, [Stlep 3 .
Propyl ene i s +eeovereg——Fre—pf9pyHeng—preduct is 5748
kg/hr. This ils & 5% hi gher |t han|the [propy|l ene
production frongt;&e conventjjondl |clasg pf| exanple 2 (51
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The bottons is sent to the conventi onal metathesis
reactor along with ethylene after purge to control the
wQ@ar0ang929 content. Note the total of purge 54 POF/US084/022118

plus Cd+ 49 is 7452 kg/hr. This conpares to 571 2

kg/ hr for exanple 2. This inc%gase Is the isobutyl ene

reacted to form pentenes in t'he autonetathesis

reactor. Step 6. The onve al t hesi s reactor
: % BRombT.5

uses ethylene, at ar uﬁ’éﬁ to n-butene of
1.70. The ethylene is pri iRy VPP%sh and recycle
ethylene, since little is forned in autonetathesis.

The r at i Bthis ¢s hin gixamgdes bf itimg pfaaess tdfehe dmyeartinonTioé available

" eaEal SIS g G0NE DOD (4/bBL TR e Isgiractly comparable
I t

7 ool S4B shaferidl 8RS Sk DR £

fromthe CD DIB 51. The effluent is recycled t o the

deet hyl enei zer 40 for product recovery. TABLE E Feed t
o Conventiegnhl FFhew is emmmtm Rra@pgﬂ e59% of the

I b | .Conventi onal Metath
o CHLYErSE aaeh 87 e e SOBUENRS at%g%\ﬁ%”% Wihayt ethylene.
Met f od
Pr o%%ﬁhﬁzﬁgﬁéﬁg?gfdﬁﬁym%@g' Kg/ B Q%HCEEI e, in the
Kg/ it el rb’@oftidm{gjrbbiﬂghbi iﬁarcﬁﬁtmédm&% ahbdar. se ity from
0.0 %ng 00 0.00 3352. 68 1889.26 C3 0.00 1910. 51

' s gletisdutatb 6 % Feomthe mymeal & olgtins 55

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 Ca
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 isobutylene 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



| nerts (Butane + Pentane) 8557.60 8557.60 0.00 16. 34
84.47 24306.1 2 5876.64 2580.1 15849. 35 15849.35 n-C4

W@ 303 08929679. 24 0.00 3.01 7.57 4666.85 97. 81 BGRUSN04/022118
3929.37 1998.1 8 1-C4 3415.97 1474.26 0.00 4.31 0.59
1625. 05 1388.79 33.08 203.1 55.69 BD 143.41 143.41
0.00 0.31 0.06 161.30 140.06 2797 18. 26 18.26 P-C5

CodiE s Blp B ATSasi o neR0o Sheituprions are

A3 S8 pRdlind s Vo8, 80 T 00, 8 o

0. CghyEos, 70he.uanditP®fktBgleBed? Idd. 55d +s 8eDByOthe3desire to
0 00 0.00.3.88 0.00 0.00 0,00 0.00 3.86 SUM 18624. 8
1862RET51e, 1ials. Mesathests Aepcsion g4 p1.majar 7880 20f388lene to n-
24 4442 i g 0 I

i eded 06 o e (rluanEeBeedrclefiold ik B8R, of the
Thedewthaylealzee, fresh ethylene feed is only 590 kg/ hr.
This case is directly conparable t o exanple 3 and the
materi al bal ance is summarized in Table F. Step 1.
There is the sane autonetathesis reactor. 59% of the
n- butenes and 57 % of the isobutenes are converted
wi t hout ethylene. Note that al nost 300 kg/hr of
ethylene is produced. Again, in the autonet reaction,
propyl ene is produced at 44% nol ar selectivity from
all the C4 olefins but at 66.5%fromthe normal C4
olefins. Step 2. The ethylene is recovered and
recycled. Step 3 . The propyl ene product 44 is
recovered. The total propyl ene production is 4374
kg/hr. It is significantly greater than the
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conventional |ow ethylene case where only 3521 kg/ hr
is produced with the sane et hyl ene consunption. This
WO epsesmwre s an i ncrease of 24% conpared to thePCT/US2004/022118
conventional processing schenme of the prior art. Step
4 . The effluent is sent to a debutanizer 48 where the

C4 and |ighter qonpoments @are renovedroverhead for
subsequent fract/ionati on|apd|the |[C5+ :on‘ponants are
purged fromthe ;i_?y.;gem(ar recyclied |t| o It he|gracker).
Step 5. The rermr'&@ua%is%@,lgg.ﬁgn&gggw ®he is
renoved using a @%@I i 21 1. CR¥e |Efvat|Sthe DI B
bottoms feed to |Eh®%conventi onal |net|at hes|s|upit has
very little C5+|Haterial| Step b] [THel DI|B| bpttons is
sent to a conventtonat—netathesysuntt—afterrpurge to
control paraffin cgdent| 5 de redctlipnsf are mnim zed
and propyl ene i s pgcglluce:lr At hj,,goh sel pctli vity| fromthe
ethyl ene. The quangigy of- ed hykengi|s|dQwand is set
by the desire t |0 §pkfatestth s:rgga‘tatﬁes?@?@ction at
a nolar ratio off eEl§l ene b nputlenes [df | 1,77 The
effluent is recycl®&to the feed|qf |the
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Kg/ H Kg/ H Kg/ H Kg/ H Kg/H C2 0.0 295.6 1902.1 1.7 0.0

0.0 0.0 0.0 2461.4 1608.2 Cs 0.0 1910.5 2.9 4350.7 0.0
WQOW500R05.9 0.0 1.6 2649.0 I nerts (Butane + PeOI/apmp4/022118

8557.6 8557.6 0.0 14.8 80.6 19589.4 5852.1 77.6

11127.3 11127.3 n-C* 6507.8 2679.2 0.0 2.4 7.0 3666.9

945209289369970i- 416.0 1474.3 0.0 4.3 0.7

419. 5 138.4 121.0 BD 143.4 143.4 0.0 0.3
%q‘ﬁs ”iﬂ@eﬁogt'ie 1@'92‘“92 az'erﬁsdl"@%"séls. 0 0.00.0

984.2 48.6 0.0 0.2 39.4 117.9 i-Cs 0.0 1001.4 0.0 0.0
998.3 36.2 0.0 0.2 29.3 33.1 n-Ce 0.0 187.5 0.0 0.0

2031..3 0.I1okutQlehel ¢urD BS. Procdssel. Qlirkédy. 2/iBldihd. Bdditional
1481.1 0.0 0.0 0.0 0.0 20.9 Ce+ 0.0 0.0 0.0 0.0 0.9
o Propyepeo By eepiogdbm isgd24s § 1izsSeed; regotjons ziisaad zB are

o T e B0 2, Tty o
gﬁﬁbwbﬁé‘%o‘h@ﬂ -RfeREL FLFBRINigEd e Fulthed, Bk drBSker quantity of

t1onal propylene. By keeping the iso s in the
feertalplelheacaneoasalmbie]dos anwentinhal reatathesin@ndathiagcan be

t 6 and 7 t | ect I
F GpreSa dReeProB e r e 6 SRIPYS PV SR Mg of the C:
qqug drtefls Qaé#‘ﬁﬁb\?éd BE r@“cﬁblc%*?x'v@aﬂ&’ﬁalclﬂ@{’aetﬂé%lgrﬁgp.
met at esi's an I'S can e processe propyl ene.
10This is achieved only if the majority of the C

I sopentenes are renoved before the conventional
netéat hedlys eanerting  @)yd cBmserremayingda t lange r kastiphgoh the

| ar|:>goebuty e%teI Wa orfeatc:lilon prior to using a hydroisomerization de-
isobutyleneizer or other isobutylene 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-butene, the butenes conversion

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



I sobutyl ene via reaction prior t o using a
hydr oi sonmeri zati on dei sobutyl enei zer or ot her

WO s@boybene renoval option, the flow is reduckdr/Es2004022118
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capital cost. 3 . By using a hydroi sonmerization
de-i sobutyl enei zer system (C? DIB) follow ng the
reactor, the renmaining isobu %I ene can be separated

fromthe n-butenes,thereby nai i ni hi .recover .
of DRI SREVEIOT viaPRety HERT Vi1 1O S sob s Bk PRt in
Si rﬁaééan%d | 't6’%chliTéveShglhseu{eweg%ﬁnzta@i%nl S@PULSRE the
an thus re ces recycle qu ntities. Further, Sl nce

t herouwssalofbtihenpsane ingeatien echigh Butrriesneonveesidnsnare

1 is maximzed and the selectivity t o propylene .
naxnaintaded, pyen ahiawathyleng a.Valkhblgwe Eervaxmisp gpnversions
fl owsheet. wi t.h..i sobut vl e _renmpyval ore [

oA a ot aRaR ek, MBS St Qi uld Sy I Butene

t hgnausmbidYerf sksif vRt hetheles @mladdblusene which are

present. The reaction of 2- butene with itself is
non-productive (not shown in Table A). If a CD DIB

systemis used at this int, .the feed t t at L
LB DUl dogkadio Kemel GarBRLsIBNS 1By fgRLRRialia Ry or
é' Qy%ﬁa'?ﬁ ’h&%ﬁ%lﬂé‘i ifSHY BF %\R/nema)lézné?ea |8 Soet @Iy st
y the conparison of exanples 1 an Wher e nbut ene

CORYEtedh Gaviigosyrad isarenitation actBBp isTusesl. vitthik isernatizes the
in increased recycles to achieve high butenes .
ut i2-buteniedvacksip liiuigne fie alpvtEsastion 2He gRctseft Mmixed bed

eV GRS Sy tethyPEERGS s b o Sorl) freiFhion®Catatysts)
COM4ST BLORSshdwhNeo Ak ARIcBhNBRI %o Sbetadiéhe JAddingf under

2-butene to the sum of 1-butene and isobutylene should
be abedmetathesis amdldw5ettiylenen eontiitione. t dhugethe selective

Co%\{/%rrgéeon%%ioinn u%ne(oeo{hveelg[i) oI_I)]I%l) |$1raiyo{)e arretquired to more fully
convert butadiene and thus have losses to butanes by
overhydrogenation. However, with a back end de-isobutyleneizer, the
feed to the metathesis is a mixture of 2-butene plus 1-butene and
isobutylene. The reaction of 2-butene with either of these butenes is
fully productive and thus no isomerization activity is required and high
conversions can be achieved (59% 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 butadiene
can be as much as 10,000 ppm in the fresh feed. The butadiene will
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

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



system hi gh under conditions of |ow ethylene, a m xed
bed catal yst system having sone isonerization activity

WO 200881929 Thi s i sonmeri zes the 2-butene back toPQFD810041622118
t oallowreaction 2t o occur. A mxed bed catal yst
system (netat hesi s and doubqugond i sonerization
catal ysts) has been shown t o0 De susceptible t o

but adi . ' [ d t t at hesi .
ot HTDRETEBALTIqUSIEE TiHle PRUIQE G PUY R SRR angmust
unige (QEctkh %&qgﬁgg?n s(}%?ﬁiof €4 lﬁ:\étgﬂ”lés% SREE if ddsy %c))/t react

convert buta have | osses to but anes

oV earity droadie aild ap. inHheessstemviitideraCbestdycndonditions. To the
de-i sobutyl enei zer, the feed t o the nmetathesis is a

mi x@ipat BiatAweupeiveal hugenes. teaek nathaihemsebiast ip| tha énetatkesis

re ] f 2-butene with either of these butenes s

5% ui EoC T a6 D ER P the dofipel Bt S i e Tvand, Sregost
r eqidl fHdpadcliba b faRBRPlehleONSinea thBas sty farRdis (18904 purge
butenes in exanple 4 versus 39%in exanple 2). This

al vy tpdéhatresctiont i ishenon@3:fliniesit | ioc eejeet abmesbé the iso-
catal yst only and thus allows a high but adi ene
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will increase the net butenes feed to netathesis. 6.

In the reaction of butenes with thenselves and t o the

extent that pentenes are forned, there is a loss in

selectivity to propylene. In theconventional sequence

in the reaction with ethylene, isobutylene nust be

rejected as a purge streamprior t o netathesis since

it does not react and would build up in the system

under C4 recycle conditions. To the



extent that two normal butenes react with thensel ves

in the netathesis reaction 2, 62.5 wt % of the nornal
whiosnew2d or m pentanes and are lost t o the prpdnvs2004022118

of propylene. Since the isobutylene is lost t o purge

prior t o the reaction, it ig,nore efficient t o

reject sone of the iso butyl éne as isopentenes in the

au i)?rlret athesis step of the present invention while

bot"'fprovi ng the selectivity of normal butenes t o

prqpyl ene,REsd ot th Zrbgudtih HOpITPyIMet Rov@sa CRblefin stream

reaction wth ethylene.d ains: 1. process for the

pr odueining nafutenes)ibemetyfeneraral Gxaffifs cormprisiagthe steps of:

cont ai ni ng n-butenes,, isobutylene and. paraffins .

conpri sAng t RBssIR@paaigf C4 a‘?'efyiﬁs?irﬁ%msé{fc?%ia%ﬁ Hith a

5 streamin COMqufhe\Mst Qa ﬁ%ﬁ%ﬁ%@?ﬁ%@(ﬁ%s%ﬁéﬁn&

aut omet at hesi s occurs an n auto SI'S product 1Is

produced conpainidiy elutymetshasid ppridicendsanskodeaed er
ol efins including isobutylene and paraffins; b.

fracti onati ngost@iningethytenaand prepylerstard heavieeatslias an

et hyl ene stream l.eavi a, deet hyl enej.zed stream of
sai d propyl eff! Bgé%‘?rlg“ﬁ@&‘?iaé}yB?r@ﬁ"H% and paraf fins;

c. fracgi Onawgeaoﬁ ity dsit AnbANREARSISSHIRABY ko PerBUBYVE

propyl ene product |eaving a depropyl enei zed stream of

10sai d heavi er anlethyleneatttgpaied\ving s; debthpieoezedi steeamai d
depropyl enei zed streamto renove isobutyl ene | eavi ng a
r emai ni ng caghastidaprenylenesapd said heavier olefins an

paraffins;
c. fractionating said deethyleneized stream to remove
propylene product leaving a depropyleneized stream
15 of said heavier olefins and paraffins;
d. processing said depropyleneized stream to remove
isobutylene leaving a remaining Csand heavier olefins

stream also containing paraffins;

e. purging a portion of said remaining C4 and heavier
20 olefins stream to limit paraffin buildup;
f. admixing the remaining portion of said remaining Ca

and heavier olefins stream with a quantity of
ethylene sufficient for conventional metathesis
wherein said quantity of ethylene comprises said
25 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
Ca olefin stream is from zero to 0.8; and
g. passing said admixture in contact with a metathesis

30 catalyst and thereby producing a conventional



stream al so containing paraffins; e. purging a portion
of said remaining CA and heavier olefins streamto

wo peosoopr af fin buil dup; f . adm xi ng the renmaPel/N§2004/022118
portion of said remaining C4 and heavi er ol efins
streamw th a quantity of et@gl ene sufficient for
conventional netathesis wheréein said quantity of
et hyl ene conprises sai d repoved.ethyl ene stre an
amount of extEid esFr%@ﬁ“@Fﬁ?P@\@"?eﬁﬁ?%’balspdgﬁ{'@ ﬁgt
the nolar ratio of said external fresh ethylene t o
the n-butenes in said C4 olefin streamis fromzero to
0.8: and gro@assiasgranied aninclainur & whereint aetd wionkeational
met at hesi s catal yst, and t hereby producing a . .
comesatesital RTedUEh S| gombmtwegnﬁaﬁn?‘fﬁgt'aaaﬁdi Jigh said

5 pr og%/l ene. 2.i A &Q?Oé,cess as recited in claiml1l wherein
saf Oéﬁ?ﬁ?élﬂﬁ DA tfathesis product is conbined with
and fractionated with said autonetathesis product. 3.
A process as recited in claim1 wherein said steP d of
reBovi nd pouess wsereitedipclaims! avierell gaidestep d of removing
distillation hydroi sonmerization deisobytyl eneizer .
pr BOPSEYIGREr SRTRPISBt% catantic aufiatan W‘Jﬁ@ﬁa{“&ﬁ'&?‘“ﬂ” de-
A _ . . . . . ) "
o Mo PReE BG5S e Mo L B (E% BT

10! evel of less than 10,000 ppm 5. A process as recited

in claim4 wherein said butadiene level is .
A process as recited in claim 1 wherein sald Ca olefin stream

additionally contains butadiene limited to a level of less than 10,000

ppm.

15 b, A process as recited in claim 4 wherein 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

20 unsupported.

7. A process of claim 6 where the autometathesis catalyst is

tungsten oxide on silica.

25 8. A process of claim 6 where the autometathesis catalyst is
admixed with a Group IIA basic metal oxide double bond isomerization

catalyst.

9. A process of claim 8 where the double bond isomerization catalyst

30 is magnesium oxide.



limted to a level of less than 500 ppm 6. A process
as recited in claim1 where the autonetathesis

W@ 2108l0y®29 consi sts of a group VIA or VIIA net aPCDKBE4/022118

ei ther supported or unsupported. 7. A process of claim

6 where the autonetathesis caﬁggl yst is tungsten oxide

on silica. 8 . A process of ctaim®6 where the

aut omet at hesi s catalyst is adm xed with a G oup HA

basi ¢ nmetal oxide double bond isonerization catalyst.

9. POProagwsc&s 44 @cﬂfb@ INMBRER 1 Rheroui Sorki\f’egﬁoRal metathesis
i sonerization catal yst is nmagnesi um oxi d

pr ocatslyshsongists efda ignowp ¥ilMmck Wilve meetiahexidersigier isappbrted or
nmet at hesi s catal yst consists of a group VIA or VIIA

met WISURRCHEdei t her supported or unsupported. 11. A
gorocess of claim 10 where the conventional netathesis
cat alyst is tungsten oxide on silica. 12. A process of

cl al m 10A phecedstdieclgion 1ok heathe BIndbRESHAl rﬁéltaakéé'fé chfdlyst
adm xed with a G oup MA basic netal oxide double bond

i sdfgHNgsitencexideoal ’~§Al=5¢a 13. A process of claim12

where the doubl e bond isomerization catalyst is

magnesi um oxi de. 14 . A process of claim 10 where the

convent | QRbcdBidSH F0SRhALYRE doﬁvgﬁlﬁ I‘N\ gt Q J@é’tglyst
UBT8

both the netathesis reaction function

10borig adsuxed witht & @robpihiét bagic metal oxide double bond isomerization

15

20

25

30

catalyst.

13. A process of claim 12 where the double bond isomerization

catalyst is magnesium oxide.

14. A process of claim 10 where the conventional metathesis catalyst
is formulated to have both the metathesis reaction function and a double

bond isomerization function.

15. A process for the production of propylene from a Ca olefin stream
containing n-butenes, isobutylene and paraffins comprising the steps of:
a. passing said Cs olefin stream in contact with a
metathesis catalyst whereby autometathesis occurs
and an autometathesis product is produced
containing ethylene and propylene and heavier olefins
including isobutylene and paraffins;

b. fractionating said autometathesis product to remove
an ethylene stream leaving a deethyleneized stream

of said propylene and said heavier olefins and

paraffins;



15. A process for the production of propylene froma

4 ol efin stream contai ni ng n-butenes, isobutyl ene and
wWQ@ar0afb99es conprising the steps of: a. passi ngPGHUS2004022118

olefin streamin contact with a netathesis catal yst

wher eby aut onet at hesi s occur s, nd an aut onet at hesi s

product is produced contai ni nfet hyl ene and propyl ene

paraf . b ErURTA WGt 4 S B S EReB dpremove

product to r j
deet hyl enei ZZ;&(]?BgﬂeggﬁgpMég@gvgﬁgggygghﬂ%@&@ Stream
heavi er ol ef i ofssaiththepaienioléfirs; and paeaffinonat i ng sai d
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ol efi ns and rafkfing; d.  processing sajd
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normal C4 ol ééolmstyenecdgaving @ cemaixing noprpzal aCf iohesfins
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ol ef i ns streatH3BN AR COPRNUPG PRTH i dup; g. admi xi ng
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(4]

streamwi th ene su clent for
10convent i onal gtedamh hedinsit paeaféinrbuiiug; quant ity of

g. admixing the remaining portion of said remaining Ca
olefins stream with a quantity of ethylene sufficient
for conventional metathesis wherein said quantity of
ethylene comprises said removed ethylene stream

15 and an amount of external fresh ethylene selected
such that the molar ratio of said external fresh
ethylene to the n-butenes in said Ca4 olefin stream is
from zero to 0.8; and

h. passing said admixture in contact with a metathesis

20 catalyst and thereby producing a conventional

metathesis product containing additional propylene.

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

25  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-butene is converted to 2-butene.
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et hyl ene conprises said renoved et hyl ene stream and an
anount of external fresh ethylene selected such that

wo b@soedo2y ratio of said external fresh ethyl erer/USIH04/022118
the n-butenes in said C4 olefin streamis fromzero to
0.8; and h. passing said admxture in contact with a
net at hesi s catal yst and there producing a
conygntl nal et ai)rcgail S uct cont ai ni ng addi ti onal
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wh |
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autioolettyldresisO pradlick.. 17. A process as recited in
claim15 wherein said step e of renoving isobutyl ene
conprises a catalytic distillation hydroisonerization

dei sobut yl enei zer process wherein 1l-butene is

converted to 2-butene. 18. A process of claim 15 where
the conposition of said Cd4olefin streamis such that

the ratio of 2-butene to the sum of 1-butene and

i sobutylene is 0.5 to 1.5.



