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[0002] In typical olefin plants, such as illustrated in U.S. Patent No. 7,223,895, there

is a front-end demethanizer for the removal of methane and hydrogen followed by a
deethanizer for the removal of ethane, ethylene and C, acetylene. The bottoms from
this deethanizer tower consist of a mixture of compounds ranging in carbon number
from C; to Cs. This mixture may be separated into different carbon numbers,
typically by fractionation.

[0003] 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 of these highly unsaturated C; compounds end up as
propylene thereby increasing the yield.

[0004] The C4 cut consisting of C,4 acetylenes, butadiene, iso- and normal butenes,
and 1so- and normal butane can be processed in many ways. A typical steam cracker

C4 cut contains the following components in weight %:
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Table 1. Typical C4 cut components and weight percentages.

C4 Acetylenes Trace
Butadiene 33%
1-butene 15%
2-butene 9%
Isobutene 30%

Iso- and Normal Butanes | 13%

[0005] Typically, the butadiene and C4 acetylenes are removed first. This can be
accomplished by either hydrogenation or extraction. If extraction is employed, the
remaining 1-butene and 2-butene remain essentially in the same ratio as that of the
initial feedstock. If hydrogenation is employed, the initial product from butadiene
hydrogenation is 1-butene. Subsequently, hydroisomerization occurs within the same
reaction system changing the 1-butene to 2-butene. The extent of this reaction
depends upon catalyst and reaction conditions within the hydrogenation system.
However, it is common practice to limit the extent of hydroisomerization in order to
avoid “over hydrogenation” and the production of butanes from butenes. This would
represent a loss of butene feedstock for downstream operations. The butenes
remaining in the mixture consist of normal olefins (1-butene, 2-butene) and iso-
olefins (isobutene). The balance of the C4’s in 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.

[0006] The butenes have many uses, and in many processes it is desirable to have
isomerization of double bonds within a given molecule. Double bond isomerization is
the movement of the position of the double bond within a molecule without changing
the structure of the molecule. This is different from skeletal isomerization where the
structure changes (most typically representing the interchange between the iso- form
and the normal form). Skeletal isomerization proceeds by a completely different
mechanism than double bond isomerization. Skeletal isomerization typically occurs

using a promoted acidic catalyst.



[ 0005] Typi cal ly, the butadiene and C4 acetyl enes are renoved first. This
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sane ratio as that of the initial feedstock. If hydrogenation is enployed,
the initial product from butadi ene hydrogenation is 1-butene. Subsequently,
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but ene occurs at high tenperature for exanple 300C over a netathesis

cat al yst .wblasewvoan173onl y 2-butene participates in this meCcatusesios4rsesct i on
The netat hesis reaction of 1-butene with ethylene is considered to be a
non- productive reaction as the products of this netathesis reaction are
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t enperature doubl e bond isonerization catalysts are al so used for double
bond i sonerization alone, not in the presence of a netathesis catalyst

and/ or ethylene. For exanple, 1-butene is a valuable co-nononer for the
production of certain grades of polyethylene. 1-Butene can be produced via
the isonerization of 2 butene coupled with fractionation as described in
USP 6, 875,901. Furthernore as described in USP 6,727,396, such an
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[ 0015] The netat hesis catal ysts and the doubl e bond isonerization catal ysts
are quite sensitive to poisons. Poisons include water, CO2, oxygenates
(such as wbBHB1/01s7Bf ur conpounds, nitrogen conpounds, amlrdThsamg/omestal s. |t
is conmon practice to enploy guard beds upstream of the netathesis reaction
systemto insure the renoval of these poisons. It does not matter if these
guard beds are directly before the netathesis reaction system or further
upst r eam as 1PURGIZaGoR Katalysh s Bhsmatathasisraiabist dplf pen toderatsdiudasticnedeels up
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2-butene (reaction 6) produces propylene and a branche mol ecul’e. For
t his reacti on,Foprexpyiptend -betener tsdacediichte rn®nemieyor thesploduetion by céntaam

total C4's (sipmlar to.reactio but .at _a 75, wei ght % sel ecti vi from
nor il cats ol ot enbPeEgE: 1Bufshe 8 b8 befufe VR BF st GafiGhRl b hent
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Reacti on Typgordaied for polyethylene. In this case, the metathesis takes place between 1 butene
and itself (1 butene + 1 butene—> ethylene + 3 hexene). This reaction uses similar
metathesis catalysts as referenced above but critically, the feed to the metathesis step
must be highly concentrated 1 butene. The basic metal oxide isomerization catalyst is

used as described in USP 6,875,901 to produce the stream of highly concentrated 1

butene. The 1 butene is then subjected to metathesis alone specifically avoiding a



W.%Selectivity (C3H6 fromtotal C4s) W. % Selectivity (C3H6 fromn-C4s) 1
2-butene + ethylene ---> 2 propyl ene (Conventional Metathesis) Fully
Pr oduct i We0 2011/011173 PCT/US2010/040528

isomerization function in that step. The resultant 3 hexene is then subjected to a
separate high temperature — non hydroisomerization double bond isomerization step
The advantage of such isomerization is the favorable equilibrium at higher
temperatures for the alpha olefin and the lack of hydrogen present to hydrogenate
olefins to paraffins.

[0015] The metathesis catalysts and the double bond isomerization catalysts are quite
sensitive to poisons. Poisons include water, CO,, oxygenates (such as MTBE), sulfur
compounds, nitrogen compounds, and heavy metals. It 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. Typical guard bed adsorbents are alumina and or
activated alumina. It is also possible to use basic metal oxides such as magnesium
oxide and/or calcium oxide as guard bed materials. At low temperatures, they have
the capacity to adsorb water and react with oxygenates such as methanol to form
water and carbon dioxide. The water formed is subsequently adsorbed by the other
basic oxide sites.

[0016] 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 adsorbs
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 generated no matter which orientation the molecules occupy the sites.
The reaction between ethylene and 2-butene to form two propylene molecules is a
fully productive reaction. Half productive reactions are sterically inhibited. If the
pair of olefins adsorb in one orientation, when the double bonds shift, new products
are formed. Alternately if they adsorb in a different steric configuration, when the
bonds shift, the identical olefins are formed and thus no new products are formed.

The various metathesis reactions proceed at different rates (a fully productive reaction



Fast 100 100 2 1-butene + 2-butene --* Propylene + 2-pentene Fully
Productive Fast 37.5 37.5 3 1-butene + 1-butene --> Ethylene + 3-hexene
WO 2011/011173 PCT/US2010/040528

is usually faster than a half productive reaction) and with different weight selectivities

to propylene. Table 2 summarizes the reactions between ethylene and various butenes

and the reactions between the butenes themselves.
[0017] The reactions listed represent the base reaction with ethylene (reaction 1, 4
and 5) as well as the reactions between the various C4 olefins. It is especially
important to make a distinction between the selectivity to propylene from total Cy4
olefins (including isobutene) and the selectivity to propylene from the normal C,4
olefins involved in the reaction. The reaction of isobutene 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 C4'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 C4 olefin stream with
ethylene. However, the C4 stream can also react in the absence 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.

Table 2.
Wt.% Wt.%
. Selectivit Selectivit
No. Reaction Type Rate (CsHs frogq (CsHs fI‘OI}Ill
total Cy4s) n-Cys)
2-butene + ethylene —
Fully
1 2 propylene Productive Fast 100 100
(Conventional Metathesis)
1-butene + 2-butene — Full
2 Propylene + 2-pentene Produc}t,ive Fast 373 373
3 1-butene + 1-butene — Half Slow 0 0
Ethylene + 3-hexene Productive
4 Isobutene + Ethylene — Non- No . .
No reaction productive | Reaction
5 1-butene + ethylene — Non- No
No reaction productive | Reaction
Isobutene + 2-butene — Full
6 Propylene + 2-methyl 2-butene Produc?tlive Fast 373 s
7 Isobutene + 1-butene — Half Slow 0 0
ethylene + 2-methyl 2 pentene | productive




Hal f Productive Slow O O 4 |Isobutene + Ethylene -> No reaction Non-
productive No Reaction -- --
WO 2011/011173 PCT/US2010/040528

[0018] In conventional metathesis for propylene production, the focus is to maximize
reaction 1 to produce propylene. This will maximize the selectivity to propylene. As
such, excess ethylene is used to reduce the extent of the reactions of butenes with
themselves (reactions 2, 3, 6, and 7). The theoretical ratio is 1/1 molar or 0.5 weight
ratio of ethylene to n-butenes, but it is common in conventional metathesis to employ
significantly greater ratios, typically, 1.3 or larger molar ratio to minimize reactions 2,
3, 6 and 7. Under conditions of excess ethylene, and due to the fact that both
isobutene and 1-butene do not react with ethylene (see reactions 4 and 5), two process
sequences are employed. First, the isobutene is removed prior to metathesis. If
isobutene is not removed, it will buildup as the n-butenes are recycled to achieve high
yield. Second, l-butene is isomerized to 2-butene by including a double bond
isomerization catalyst such as magnesium oxide admixed with the metathesis catalyst.
Note that this catalyst will not cause skeletal isomerization (isobutene to normal
butenes) but only shift the double bond from the 1 position to the 2 position. Thus by
operating with excess ethylene, eliminating isobutene from the metathesis feed prior
to reaction, and employing a double bond isomerization catalyst, reaction 1 is
maximized.

[0019] As described above, magnesium oxide catalysts may be mixed with metathesis
catalysts for performing both double-bond isomerization and metathesis in the same
reactor. In such a system, the magnesium oxide serves two functions. First, the
magnesium oxide acts as a guard bed, adsorbing various oxygenates and water to
protect the metathesis catalyst. At the higher temperatures of the metathesis reaction,
the capcity for adsorption is much lower than at temperatures closer to ambient but
this function provides a valuable second poison adsorption step following the bulk
poison removal via guard beds as mentioned above. Second, as described above, the
reaction of ethylene with 1-butene is non-productive; as 1-butene essentially does not
react with ethylene, 1-butene will buildup in the recycle stream. In order to avoid 1-
butene buildup, double-bond isomerization catalysts, such as magnesium oxide, may
be used to isomerize the 1-butene to 2-butene as the 2-butene is depleted during the

reaction.



5 1-butene + ethylene --> No reaction Non- productive No Reaction 6
| sobut ene + 2-butene --> Propylene + 2-nethyl 2-butene Fully Productive
WO 2011/011173 PCT/US2010/040528

[0020] Double-bond isomerization catalysts, such as magnesium oxide, are currently
commercially used in the form of tablets having an effective diameter of about 5 mm.
As used herein, effective diameter refers to the diameter that non-spherical shaped
particles would have if it were molded into a sphere. These tablets exhibit good
isomerization activity when processing butenes alone. However, such tablets exhibit
activity for isomerization of 1-butene to 2-butene only for a short time in the presence
of ethylene. Further, their performance is progressively worse as the number of
reaction cycles increase. After several regeneration / reaction cycles, their activity for
isomerization is low. This performance shortfall may lead to a rapid buildup of 1-
butene in the system over time, limiting reactor performance by hydraulically limiting
the recycle, and limiting the overall conversion of butenes to propylene that can be
obtained economically. A similar loss of activity is experienced when operating these
catalysts as double bond isomerization catalysts alone for the production of the
terminal olefin from the interior olefin.

[0021] It is well known in the industry that smaller sized catalyst particles exhibit
better performance during the reaction cycles. This is due to the reduction of internal
mass transfer resistance. This allows the reactants to have greater access to the
catalyst sites. By reducing the mass transfer resistances, improved reactivity is
achieved. However, the loss of activity with regeneration cycles is not improved. The
loss of activity as a result of regenerations is due not to simple mass transfer
limitations as a function of effective diameter but to the loss of surface area of the
catalyst particle (of any size) due to sintering created by the higher temperatures
required for coke removal for example.

[0022] Some attempts have been made to improve the performance of magnesium
oxide catalysts. For example, U.S. Patent No. 6,875,901 discloses improvements to
the deactivation rate of magnesium oxide isomerization catalysts by limiting certain
impurities, such as phosphorous, sulfur, transition metals, etc. Deactivation in the
presence of ethylene, however, remains problematic.

[0023] As described above, there remains a need for basic metal oxide double-bond
isomerization catalysts that may improve the overall performance of the metathesis
process, increasing propylene yield and decreasing 1-butene recycle purge. There is
also a need for an improved version of these catalysts for the simple double bond

isomerization of interior olefins to terminal olefins, for example butene-2 to butene-1



Fast 37.5 75 7 Isobutene + 1-butene --> ethylene + 2-nethyl 2 pentene Hal f
productive Slow 0 0 WD 2011/011173PCT/ US2010/ 040528 [0018] I n conventi onal
met at hesiwofori/qipyl ene production, the focus is to MaPCEUSR010/040528

or hexene 2 or hexene-3 to hexene-1. For both of these systems there is a need to
reduce the cycle to cycle deactivation thus maintaining higher activity over the

complete catalyst life cycle.
SUMMARY OF THE DISCLOSURE

[0024] In one aspect, embodiments disclosed herein relate to a process for the double-
bond isomerization of olefins, the process including: contacting a fluid stream
comprising olefins with a fixed bed comprising an activated basic metal oxide
isomerization catalyst comprising a structure stabilizing agent, to convert at least a
portion of the olefin to its isomer.

[0025] In another aspect, embodiments disclosed herein relate to a process for the
double-bond isomerization of olefins, the process including: contacting a fluid stream
comprising olefins with a fixed bed comprising an activated basic metal oxide
isomerization catalyst having an effective diameter in the range of 0.25 mm to 4.0 mm
to convert at least a portion of the olefin to its isomer.

[0026] In another aspect, embodiments disclosed herein relate to a process for the
production of propylene, including: fractionating a hydrocarbon stream comprising n-
butenes, isobutene, and paraffins into at least two fractions including a light C4
fraction comprising isobutene and a heavy C4 fraction comprising n-butenes and
paraffins; feeding ethylene and the heavy C, fraction to a fixed bed reactor
comprising a metathesis catalyst and an activated basic metal oxide isomerization
catalyst comprising a structure stabilizing agent, contacting the heavy C4 fraction with
the activated basic metal oxide isomerization catalyst to convert at least a portion of
the 1-butene to 2-butene; and contacting ethylene and at least a portion of the 2-
butene with a metathesis catalyst to form a metathesis product comprising propylene,
paraffins, any unreacted ethylene, and any unreacted 1-butene and 2-butene.

[0027] In another aspect, embodiments disclosed herein relate to a process for the
production of propylene, including: fractionating a hydrocarbon stream comprising n-
butenes, isobutene, and paraffins into at least two fractions including a light C,4
fraction comprising isobutene and a heavy C; fraction comprising n-butenes and
paraffins; feeding ethylene and the heavy C, fraction to a fixed bed reactor
comprising a metathesis catalyst and activated basic metal oxide isomerization

catalyst wherein the isomerization catalyst has an effective diameter between 0.25 and
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reaction 1 to produce propylene. This will maximze the selectivity to
propyl ene. As such, excess ethylene is used to reduce the extent of the
react i onswof2otwtierres wi th t hensel ves (reactions 2, 3, 6pCaru$2iip/o405be
theoretical ratiois 1/1 nolar or 0.5 weight ratio of ethylene to

n- butenes, but it is common in conventional netathesis to enpl oy
significantly greater ratios, typically, 1.3 or larger nolar ratio to

ni ni ni ze reégQ fsnanddoes nopciiyn 2, staplidne agsmli onissingthedieaws s Beglianepidh and
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that this catal yst 'l not calse skeletal 1sonerization (1sobutene to
nor mal [B02&nes) Hiheoaspyctshnd bdvdneagde whill de lappateht foomtthe fdllqyaag deseniptiont he 2
position. Thus by operating with excess ethylene, elimnating isobutene
fromthe rretaéaﬁ%%’e?‘g‘godﬁmsor to reaction, and enploying a double bond

i sonerization catal yst Crty G A As descri bed above,
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wat er t ot ect t.he tat hesis catalyst. At the higher tenpe ures of the
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ment i oned alfd0C (Beednaim, 28 T éswmichatyshbibactive divanaterakt i on of et hyl ene with
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ot hyl nBO3EL bUt o B ISHuTUSER Prodia: BBy EPERgt PLARTORR DS ralobi d 1-
but ene bui | dug ,me@ﬁﬁéghseué?@@atmggﬁ&domh%werﬁ@&ﬁhﬁeﬁtts%iscwe@h@&iﬂmgnesl um

oxi de, may be used to isonerize the 1-butene to 2-butene as the 2-butene is
depl et 60324 i ng tHigure dlatstd graphicWiC 1ROt 4t1oD1df1 EBRET/AJB2103 OF &4 Sor catalysts

0020] Doubl e- bond i i.zation. cat ts, h eSi i de, .
current 'y coRfEEEd ARG der B bt Bros ABIPErS! RauPhg BAEBFHELOFOS
di ameter of @aR@uts whdised$n thegfeRRBECHBthBREAeCt i ve diameter refers to the

di anmeter that non-spherical shaped particles would have if it were nol ded
into al8pddre. THogwes abs etgsamudsl bilustrgoed of thermenipasiséonl hduiont tepnvdisinn

processi ng but enes .al.one. er, such t.ab hibi.t activity for

P oner  2at GHeGT Biveesis PoREt aRElr g Mo TR ot pRftet FrdiPesence
of et hyl ene.prbpinéeeor béthehitiaPadf Ah 0BEIEE 1S progressively wrse as the
nunber of reaction cycles increase. After several regeneration / reaction

cycles, their activity for DEdneHLEBR DESCBIPOHONThi s perfornmance shortfall
may lead to a rapid buildup of 1- butene in the systemover tinme, limting
r eact ol 0834k or Frapee apechyambadiments | disalosedl therrin trplater b thel Bupravementintthag t he
overal | Comueial @i e RELEASHdCodfiORXL ARG :0Rb GARRPIORLEIRbns by the
economni cal | y. imTar 1'0ss of activity is experienc en opef ati ng

t hese cat al ygtisioasoftosbhceurtd sigbilisagapemat inoahotiad akyst, Serabatimenordisdissed
production of the termnal olefin fromthe interiaqor olefin. [0021]1¢t is
wel | known ihsraimgelats dedhg ympmxementdn |ty stabilipgol- e dprasnizaspn icelplyst dukichi t
better perforuapce rﬂHﬁfPTerérg‘%ﬁex"aﬁ&?st b?%)‘&iu@ﬁ n bRitfe lefretiR Gdnfels dreguction
of internal mass transfer resistance. is allows the reactants to have

gr eat er acceassndrizatiecataltyst wshows ithieeslditiyn afeditrdiliging hgenttass t r ansf er

resi stances, inproved reactivity is achieved. However, the |Iqgss of activity
with rd88¥k at Iolwrthgraspects.cmbadimerss diselgsedipacingglategengraily bo {he pigcessipgsyl t
of regeneratjrgns, ?cé%§§ro%9}boh%uﬁfr%' aecrﬁﬁéx? Ia{o%&%f &lchlals Ueb Al drHFd aﬁﬁc
function of effective di ameter but to ihe Toss of surface area of tRe
cat al yst pardracking, pahasihy f&i aevediom 6f0Cs blefies ito graryéateeda byetsthesihi diae
tenperatures required for. coke renov for exanple. [0022] Sone attenpts
have been naBe! salfynﬁméeém%s B@F‘Péﬁﬁ%{ﬁ@éeg‘@ ?@a&&?ﬁm@x&a@%@m s.
For exanple, U S. Patent No. 6,875,901 discloses inprovenents to the
deactivation rate of magnesi um oxi de isonerization catalysts by limting
certain inpurities, such as phosphorous, sulfur, transition netals, etc.
Deactivation in the presence of ethylene, however, renains problemtic.

[ 0023] As descri bed above, there remains a need for basic netal oxide

doubl e-bond i soneri zati on catal ysts that may inprove the overal
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WO 2011/ 011173PCT/ US2010/ 040528 or hexene 2 or hexene-3 to hexene-1. For
both of these systens there is a need to reduce the cycle to cycle

deact i vatworotimusi7aai nt ai ni ng hi gher activity over the eomuplsetie/oewstal yst
life cycle. SUMWARY OF THE DI SCLOSURE [ 0024] 1 n one aspect, enbodi nents

di scl osed herein relate to a process for the double- bond isonerization of
ol efins, the process including: contacting a fluid stream caonprising
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[0039]  These analyses show that as the MgO catalyst undergoes multiple regeneration

cycles, the BET surface area reduces significantly, with a corresponding increase in
average crystallite size and average pore diameter. This physical deterioration of the
catalysts over multiple cycles with intermittent regenerations, results in the
deactivation of the catalyst activity for double bond isomerization. Progressively
shorter cycle lengths are observed as a result of the physical deterioration of the MgO
catalyst.

[0040]  Silica was added using an aqueous silica binder solution that contains 30 wt.%
SiO; (Ludox AS-30, Aldrich chemicals) on to Smm MgO tablets (MGO) to prepare
MGO-A and MGO-B. Samples MGO-C and MGO-D were prepared by wet

impregnation. Dry “as 1s” MgO pellets were added to a SiO, containing aqueous
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and the appended clains. BRI EF DESCRI PTI ON OF DRAW NGS [0029] Figure 1 is a
graphi cal representation of changes in BET surface area of MyO tabl ets
cont ai ni lyoaostmurBur e stabilizi ng agent, as a functi onpofi/ush@ommis2agi ng.

[ 0030] Figures 2A and 2B are graphical representations of changes in BET
surface area and pore structure of MO tablets of different sizes, after

th agi t 650 2A = 5 = 3. t al fecti
severe ther A 10 SO S i TP 7 Sl SR hhfhsits
process for NERIBYI 28fd e ARAIMBHELRE D xbiSh NYuRAKAL XShevaC TR NeDPeliQs

embodi ments discl osed herein. [0032] Figure 4 is a graphical illustration
of catal yst veat ovén-griaharl 207 Gnforf8rhasiat. al ysts accordi ng to enbodi nents

di sclo erejp.as c ed_to typical magnesi um oxi de catal ysts when used
int heﬁ&‘é@enc&f}‘@l‘&‘ét ﬁg&?ﬁé‘?sfzﬁé}é’ﬁ)‘ lk—'licogﬂ'?%srggaspﬁené?n_&r aphy d%ﬂr%i“%ﬁ_ajs?r} 3t on of
the conpari siRtd MEYtLRCsERRYE INVEEQ s8R CWTUREAIVBERIReh Qi erfidid F0t

particle size MJO catalysts in netathesi's service for propylene for both
initial and pstfhruegd logsthe DRORCL ERErDHESCRINPTIGN MG 4pplasnéMa$hactyGO-B,

the 1 somer; 290056+ 85 MR Lt debapd BET T Bepsdaremsiiante 1y« ne
addi tion of 3308t M6 U6 BosdsRbThd jﬁﬂeﬁgBEm%ﬁﬁaPlels @ve@@ﬂfeﬁ%%e@ﬁ%&her%?ﬁ&dﬁéﬁ? nts

di scl osed herein relate to the inprovenent in the stability of e

i soneri zat i diealiagnsl Feeh heatfteratmenteaclovennsisietafl B2 heyeinethemnal itcatiyent e

gaucton, Oesphe SESEL! Y5 ndh 0504 SERRLLAT 001 A0B5C, R

di scl osed heni@istreiri@h@t &roginafeal li¢afe@ eIy #@es PYeMdrmed without any further
degassing (measured “as is”).

[0042]  As seen in Figure 1, the most significant loss of surface area occurs on the very
first cycle for all MgO sampies, while subsequent exposures have relatively less
impact. All treated samples show significant higher surface area improvement
compared to the original sample. Samples MGO-A MGO-B and MGO-C show the
surface area stabilizing impact by silica addition.

[0043] MgO is an ionic compound with an FCC (Face-Centered Cubic) structure. The
point defects in the crystal structure for MgO are Schottky defects. Defects form
when oppositely charged ions leave their lattice sites, creating vacancies. In the case
of MgO, both oxygen and magnesium vacancies exist. However the sintering is
controlled by the diffusion of oxygen vacancies. The addition of dopants like, NaF or
LiF to MgO can positively adjust the ionic vacancy concentration, whereas Al;O3; or
SiO, for example woﬁld act as an inhibitor for sintering. The addition of cations as
dopants with a charge lower than +2 (NaF or LiF for example) will act to increase the
sintering rate, whereas the addition of cations with a charge higher than +2 such as
silica will inhibit it.

[0044] Colloidal silica addition to MgO in small quantities improves the surface area
stability of MgO after multiple heat treatment cycles as shown in Figure 1. It is
interesting that the sodium silicate added sample MGO-D does not exhibit these
characteristics since it contains Na', a cation that exhibits lower charge than that of
Mg**, which is expected to have negative influences on maintaining surface area at

elevated temperatures.
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of a C3 to C6 hydrocarbon cut froma cracking process, such as steam or
fluid catalytic cracking, primarily for conversion of C4 olefins to

propyl enewoizaiimateBhesi s. More specifically, enbodi nent ecaitsediopezher ei n
relate to a catalyst for the netathesis of WD 2011/011173PCT/ US2010/ 040528
et hyl ene and 2-butene and / or isonerization of internal olefins to
tenninal ol efins for exanple 2-butene to. 1-butene. [0036] Usef ul

i somer 19843lon Hél@aby@c QbsgrNed; that) wide thsadditioneeta St&ﬁﬂaé@a@d@%%g%gﬁé%@ um
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ei t her indivi I'n conbi nation eroxi d suéh as sodi um oxi de
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t mbodi tal yst f
oxi do (MO STRIRTHPHPT R e s Pt st BRY BEIeel S HE GGk or -
magnesi um oxj dg; iyt 1\@&"%‘ &, bg. Wﬁﬁ&fc%ﬂlrfaﬁéﬁs Eﬂéf‘eo?t rl%'i eQQtﬁ}éFe ﬁ%’tﬁkm?é" des

ment i oned above aré al’so cdntenplated as being wth t he scope of
embodi ment s sthbd Firgsanhmagiba us@ct)ﬁﬂfm] amwgangm@ﬁrodleahd)@um% tb@h@ht 40% of

i t 1 th t
egener at| onkcyeleBLyT vy SBrbdionh RustiugicB e be e uaHARE Gt
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size determ nation and powder x-ray diffraction (XRD). Analysis of existing
data shows tsnéthzm&agmoscmﬂébﬁem o@xHiipdlar 19¢1nd1@g|a’qgea(sl o@esOBSlhgmreﬂm@aar ea

V\nthlncreasm r por ) th mul t.iple reg at i cle

't eat mont o ohd haBiSE S8 BRER &) BTG Rlle ehibob et Ut T BB IR e
sharper wit fagém ?Shagd@mka@ﬁ o8¢ of a%mex@hmmd Riegal ioRilies dbr@gedt fiém aker age
crystalline size o QO increases with multi-cycle regeneration treatnments

based on avé?‘élj’éap@ﬂy%lt%ﬂl\ﬂgtf“é@ﬂ%a @@étsl mat es obt al ned from peak wi dth
rTeaS!Jr A{l‘gs nﬁ’es& %a CI%%EX €3 S lti' Sild uaérllz%l caﬁl Se(suhgvs show é[ffé%%l €
rTU|tI- ycC regeﬁeralon eads’ 0 Cry g nfl V\Ph He® grioweh of crystal s

results in ldasset@f ofSUiin@ oL ghad ekhibi rblbla &éﬁ’&l@ﬁbﬁ i @ﬂf)tl tfeﬁfﬁngt h@uch a rapid
deacti vati on. 0039] These anal gses show t hat as the O cataly
under goes migssioppetivivganeither iadresh yatabst of yEeesprated cplabes aﬁ%&r%@elpé%@ss

si gni ficant 'eXono‘PﬁléJl fle%?rfé Q%Hnﬁihibﬁ'& rHESEidet udY OF 305 n%éﬁﬂﬁxt Bkidbt & 2 ze

and average pore I's physical deterioratio catalysts
over mul ti plissneyzhten etdliasti nterm ttent regenerations, resul ts in the
deacti v&é%gn of .the cat al yst actjvity for double bond i sonerj zation.
Progr e$ |y BhdMelrknapa) that é‘ﬁ@]tlﬁscaéarlﬁstdb%‘@?t@@dmé% ingproys erfogpanqseof a

physi cal delrt,ora) ﬂ/s(m) Oﬁfedﬁaﬁ I}'ﬂhglﬁ@rhgil ¥ils tr 1%0 o %/%aféfegzw?lﬁ 3ﬁ9%§t§%{ ng an

aqueous silica bi n utio t contains ox A
Al drich cherpaﬂmles)tse:iﬁ tSm&dram du@ﬁ)stbalahm}st (PMEO)est baver gpatee PSS AnarhzbnMSO B.

ggm)le? 2 \ANE? én(gwgq:}?'\ﬁx) 56% %@tag a{rﬁyéﬂ gtg araﬁcénoacgnRJrE:GSQt%gt II?erc.iucmg the partlc?e
effective diameter is known to improve the overall activity of the catalyst within a
reaction cycle.

[0048] The inventors of the present application have found unexpectedly that decreasing
the effective diameter of the isomerization catalysts will, in fact, reduce the observed
deactivation with time. Specifically, the inventors have found that a smaller effective
diameter isomerization catalyst will reduce loss of surface area after subsequent
regenerations, thus improving the overall performance. This is true both for
metathesis where isomerization catalysts are used in combination and for
isomerization alone. Advantages include longer isomerization catalyst cycle times,
higher overall butenes conversion, and higher production, including higher propylene

yields when used in a metathesis reactor in the presence of ethylene.
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WO 2011/ 011173PCT/ US2010/ 040528 sol ution (Ludox + distilled water for
M3O-C, or sodiumsilicate + distilled water for MGO-D). After the small
anount s oVoextieas$17Bi qui d was renoved, the wet pellets wece/use@nsdrseed at
120C for 24 hours. [0041] Multipl e BET/ Pore-Si zel/ Pore-Vol ume neasurenents
were perforned on the nodified MJO and standard MgO sanples. Al initial
BET neasyrements were performed on the 120C oven-dried nodified. MjQ sanpl es
iﬁ B, An@@f@ﬁse&ﬁ&em%)thwm erﬁ% REYG glasﬁerd%a@g&e ibwﬁgé& s (5C
heating up tBeda0liyshOl bk Oiathen HioRRER s EETs 3ATRLE SE RS 2 21 ed
for further c%/cl |Qc Reat treatment. Each heat tsr east ment r(:'yci;ég econ5| sted of a
12 hour i sotshewnht effeetadimetmalt agiy) Gh iBipedrfate &€4 mif nthe Mg agtabyst aaiwo and

subsequent cp@ling to 120C. BET surenents.for | heat. treated. sanpl es
were per or REATHIHBURE 35 SPTHER TR SEIPREH Yoo LU aH! 488 PER FATIGOND] A
seen in Fi gyt @sdsc e P'El%'\c}g & N | ERhal Qﬁﬁﬁg%ft 151 i ACRneLRuRGTWSHONs t he

very first cycle for a O sanpl es, whiTe subsequent éxposures have

rel atively Icessidéraghazbe aMevere thamal agiagpest JostheviMgOgpaitflystadt cdn bheleadyir f ace

' to th i gj-nal : | B and
VGO C show SHE et f1abe oRpius Petfs Firs Fhg A SR BLbuahe et abire cpghvar was °"
[0043] MO i fii@fer iRl BaCRIBRUAEMMbAricIe by @Bolis8%6; GenheEad sGPhe ondldfet ur e.

The point defects in the crystal structure for MJO are Schottky defects.
Def ect s f or theneearedpproal eging. charged ions | eave their lattice sites,

creati cangj es.. I n the case of O, poth oxygen .a esi um vacanci es

cxi ot . 1OBHEY or T 3ok e G et B lo B aE Pele BRAE GroraiR BT

vacanci es. Thelad twooldf FRaPRwn higkés adNakty 8 obdelvddaduMi th@dossibbha el y

adj ust the ionic vacangg concentration, whereas A 203 or Si02 for exanple
W

woul d act agsoamerizatompt buteresy Howievst.i ungxperirdladbe siabiity pf thetqatphest asaldepant s
with a char ot + r[?qF r. Li ml e) . | Lngr.ease
the sinteri %Iglp %o&}ég,le%rg]éoago Vg eyg%dtlot Jf}g:}lg géacglg i ons % hdlraeg@%gragselh%lgé er

t han +2 suchndistefdrdce @d caialylst perfibriance bver[ 04Kl Cotclesi dhdl tharefdre sigaifibahilpn t o
MO in smal |, quantities inproves the surface area stability of MgO after

mul tipl e hedicreasgnthedife oktheica@lyss shown in Figure 1. It is interesting that
t he sogj silj e I o] hihi :

char acﬂte)ér)l?is]t [ ctssglgll%ﬁ%%%?lt Q%% ai %%CN@E tg g%tb ?%%neﬁ ﬁatd Egﬁ)ﬁ%cgﬁ{ggel?’o%crh Ehar ge
t han that ofmdgp@stumvdxidd) ma lexpeatetiictive iavetareddddss\ikran HbInuen s then 4.0

mai nt ai ni ng surface area_at el evated tenperatyres. \
2011/ 011173@@?/%3@@167”%26‘5‘?@“[’ f}mﬁ]aﬂlt&%ggn %@ﬁl@bﬁ@éw&g&nﬁhﬁs Hepr-Q mam

addi tion of ;@ 8t Walbdlfncit8idsitBAN9 8888 oth& dhiBodiments; less than 2.5 mm in

other embodiments; less than 2.0 mm in other embodiments; less than 1.75 mm in

other embodiments; less than 1.5 mm in other embodiments; less than 1.4 mm in other
embodiments; less than 1.0 mm in other embodiments; and less than 0.7 mm in yet
other embodiments. The effective diameter of a catalyst particle is defined as the
diameter of an equivalent sphere having a similar surface to volume ratio.

[0052]  The isomerization catalysts according to embodiments disclosed herein may be in
the form of pellets, extrudates, and the like. While powders are mentioned as a useful
catalyst form in U.S. Patent No. 6,875,901, because of high pressure drops associated
with use of powders in fixed or packed beds, powders are not commercially used
when isomerization catalysts are admixed with metathesis catalysts and used in the
presence of ethylene in commercial fixed bed reactors or in fixed bed isomerization
reactors. Accordingly, powders and finer material not typically used in a fixed bed
reactor are specifically excluded from catalysts according to embodiments disclosed

herein.
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formof a conpound or a m xture thereof, such as silica, alumna, or
zirconia, thermal stability of the MyO tabl ets can be achieved. Structure
stabi |l i ziwgagenis3accordi ng to enbodi nents di scl osed hecsius2omp4isee! ude at
| east one of the follow ng elenents: A, Si, Ti, C, M, Fe, Y, Zr, M and
conbi nati ons thereof. For exanple, a structure stabilizing agent may be
used in an anmount ranging from about Q.04 to_about 40% of the weight of the
cat al yd0033Hasetihaisomerigatyin ¢aalyith agrording te embedimentsdisgpsadAeryn ageiose t he

catal ytic I ial y<Jecolerel e
ctructur e STIBTRY R TP ARES baRRELR dribtped B SRTRICHAMIR nhll
one of sili aad thlsuRbmarizaivd dnedlistalin deafosm cUpdileds shatbd, rRixtradatés) antl hre
enbodi ments, structure stabilizing_ a i nclude at | east aone

f
MgAL04 and h&gedVieb@icadyi B PBr E%%P%fevggaiafln%rhgﬁmw Pén BYm Ng- giber
hydrotal cit %@bohﬂﬁ’éh@;- MAORGS! o Bl de ARUDLARRARLNTSS APBELE 3 4 g&a%t Bingst s

havi ng an eftective di aneter 0 mm or greater exhibit rapi eactivation
in pilot teshbodimdsiand at kpstd).§ ams innfetather ehtbpdinetsivtieer the isonestratait al yst
or a regenerated cat alt}/st, renders the process economcally | ess feasible

and i nhi bi t S2PRstsRoRRIN 3 SEBbYPINgASARsi um oxi de as an i somerization catal yst.

[0047] Hgﬁ&g V\Bﬁl!lrtﬁ%?,()%mteﬂﬁét'o%n@a{t%lgﬁs %g&ﬂ'hf)ﬁgttodérﬂﬁ&ﬁﬁ'éﬁts MRYCIIERHYEN are
per forrmance of a given cat af yst reduci ng the internal nass transfer
resi st ances thosehhat mhg eatsdywith gacetli iddercattosd 6r Smaledeas ditayet alistidlatian yst

particles have shorter pores, .and hence npl ecyl es have | ess distan to
bravel to r QHBsfuRe: #dhbs 1so0ter ARPAHID Y (B A0FR PP Iot SPROTE SRAMIASY i s
known to i npp@vie ﬁl&?w@ﬂ’%fp"i"éaill]y%{/é Mih Eifec@ive Un i@t GHlaY Bastd. 2 i &nd BAGH N
cycle. [0048] The inventors of the present application have found

unexpect edl ynaxfiratmdeftectias idiametbeolf Demni whed inensselbliziog aghet issomdeyedatat on
catalysts wi,ll _in fact,. reduyce.the observed deactivation with tine.

Speci 11 cal | yeest i UG At EnEian g AT PRAFE 2 SR AR Pl e e et er
i someri zat i @imGedl noSdtabMitihg hee GEehpRTedf Isditictiagionidtayaf haling thespguent
regenerations, thus inproving the overall performance. This is true _both
for netat hesiescringé reffacsyerehipmetersomayabaipyedusedria asaumbey b manaesi oA oand

¢ : . : _ Y ' . . . . ¢
cycl e 11 mes SHnER DS sptheg At prb Al B MR LA RE WO AL R
i ncl udi ng hiegibedinmmepyteribed bedwds Ithethetusmbodimeatsimatcatalyess nsayr leasliaped it t he

presence of ethylene. WD 2011/011173PCT/ U§2010/,040528 [ 0049] An ugf reseen
benefit of eRECYGANIEEr syfaserp velumearndp et ailargphdipmeies. SPapramRly Holae wo

catal yst can ﬁdér,"?m@& Eafﬁae% %ﬂg&&h dARdMaCorhn Skt BELRalld GHMER: 2A
and 2B show%] e effect of thermal aging on BET surface area of the MO

cat al yst at butnargtirfléretle ntaypar madd. eFei @@epld stamshapedExtmylates sipabi ity 8loge

Ther mal agi s.carried out. at or eripod. of 24 h.. Thermal, agin
At this nroRelRRL s cPuptoc f3 oo el “phess ot SN e ag? ng

test for t h%d%@%@ﬁﬁ'ﬁé&&oi%%%gr&@tﬁe RRoSd BRbUgh HRED bbdkatomparkdQo SPRéLEOf
particle size of 3mm the surface area of the catalyst was higher than

that for theq8ivalepaefféctive slidmeter olnt otBEwmiBEMMPS ke VspnBBiZaen pgtalyslt @AY t he

severe thernal,aqgi.ng. [0050] The effect of the snmaller f.ectiNe. di er of
The doubl o orPEBumer RN et ol §abepue, GEmRlr “TaiP o i hRERL:
activity is spreeihgadidiy l’u'ﬁﬂﬂ atlbigetl aupboar- (Berneb gismedthly at i 108 etectiuet din@ster
However, unexpectedly, the stability of the catalyst is also inproved

| eadi ng to IRANehe e3letlated gelajivg &0 grkycthe wattiamnot thejcatadyst éeateq of impseaited t o

et enance 45 2L RLTSRE oY BEnHA B YBLH AN LTLE
cat al ysts ackamelemy is@neaidaddn oxalysts dtseding el emdodinentssdisdiosad herein.

[0055] Double-bond isomerization catalysts disclosed herein may be used for the

conversion of various internal olefins, such as 2-butene, to an alpha-olefinic

compound, such as 1-butene, in fixed bed reactors, distillation column reactors, and

other reactors known in the art. While described below with respect to butenes,

conversion of 2-pentene to 1-pentene, 2- or 3-hexene to 1-hexene, 2- or 3-heptene to
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magnesi um oxi de, may have an effective dianeter of less than 5.0 mm |ess

than 4.0 mMmmin other enbodi nents; less than 3.2 nmmin other enbodi nents;

| ess t harw®.201wmonii7a ot her enbodi nents; | ess than 2.8 nmMmPCH/USRIIO/040528

enmbodi nents; less than 2.5 mmin other enbodinents; less than 2.0 mmin

ot her enbodi nents; less than 1.75 mmin other enbodinments; less than 1.5 mm

in other enbodiments; |less than 1 4 m"nip Wr enbodi nents; less.than 1.0
ate

mmin ot her lehpbarnawt the bfyareedso coRFMP 1 parfeplan Ry SEhEEAT RIS . The
effective di . Egle d i i 0 an
oqu val ent - SHRRUEhor ditol6@AoHth sRALCIE LS ploBeEt [ ¥ it (i AiERtioP

i someri zat i off 2¢attaleytst Isbatenoant ngtatlessnifadbuemnt witli esinilerset fhem giropytene, be i n

the formof pellets, extrudates, and the |like. \Wile powlers,are nentioned
ne a usef ol YereiiySionie AT nioas ion Ay b peria 1§ 7l GBI DELNE B hi oh
pr essugﬁggrj(gOpsTﬁ‘éﬁﬁ&'e@t egl%d NoYsfoc Jse?%%s%d'ﬂer&ihxﬁﬁgofncﬂﬂﬁkeg ReEs,

powder not commercl a use en isonerization catalysts are adm xed
wi t h net at héwilscebad, \istlsdiapCqi€e do 03, arlieCpte€enmekafelffudnts, eneh anfrom a

commercial fixed bed reactors or, in fixed i sonerj.zation reactors,
Accor di ngl y SgBweiarier gid iidesatahelic Frag mﬁéFE&Qﬁﬁn&}m (ﬁ?‘eﬁégﬁle%ﬁﬁ rPF@fE%n bed
reactor are sgpggd éérﬁﬁhizng E£reided & QBnEAha) ¥Bb bedRERT WHeE d,0CeaROEF aENt S

di scl osed herein. WO 2011/ 011173PCT/ US20107 040528 [ 0053] The isonerization
cat al ysts acompdiengs aw adeot inrthetfeediithhe Stosaadmiag rhei me-dragtionpgesktot fesult ivay be

used with fixed bﬁd rea%r% ar forge? ﬁs ctatal ytic distillation
structures, PERETY ha S5 86?2 & Sh2 CALAMGSYs in the form of pellets,
spher eiﬂO?ﬂt r Uéiﬁ‘tcgﬁ%)og&g% thalneliGn the fbed ¥iRlaRhdy HRUReaNbERAECKbBIRane,

diameter of at leas mmin other enbodinments; at |least 0.3 mmin other
enmbodi ment s;iscbuteneabbuBnd, abmiene.catdebutedibedli heseme caybgdamentedke MOXS! frm i n

yet other enbodi ments ere the isonerizatio t S.C PN a .
stabili zi ngrpgeéigﬁtf?ret[r%%aﬂl\.%:m(fvﬁger? niogg?‘rék?ulzteznaet rilé(;hn%e%g?tl gﬁé gle%g%:e%irsdrle%alc{no
enbodi nent s W sedrRsiedwhar BitadisheEistpr@sat hhbé Crededbehe biedise tnhayf bex@ehoved
reactors or forned as catalytic distillation structures, and thus

i someri zat i ofe dudEgrRAton; o EXEactigRm BY opwr |csbodingier e mised, biencs sfeeding
the like, wid{ tvpically . j dj . lLieast: and
having & malv Bl FE0 JoBRPIAT G Saldiche hAELARAGh Ay RSl I B
enpl oyed; athyllsasimdizatiomromlivdisen nbeatil fentre tardbitand, vgtlaisobxemubeing
effective di aneter of 3.3 nm when no stabilijzing agent is enpl oyed.

| someri zat i GRAPEHES fipar 32 g §UEHB DXHRGHORAIORY | bed effective di aneters may
be pro in ﬂ‘.ﬁ%ﬁl I t. toSRREL L8 thBN be

pr oducggﬁﬁ%vi ngﬁlg%%g?%ggr\l/e I g{r}%{leeslrzﬁé%%? I nfgdtt(gge%%%i Prent S gges%?i Sbed
above. | n othhemgawidodimeathssis furcdibadlity tandmay iensiraped ftrectiaodliteyvie® @nlegher
surface to volune ratio at, a |l arger dianeter.. For ex lLe, a hall

cylinder, a¥ :l‘?a§"1 %B%mﬁﬁr"? itg &-bu %5 ﬁ%géﬁ‘te&?t %E{@?Ctéﬁggﬁué‘??ter‘ﬁg&é?@%e

smal | er di angigm él’d%yl'eﬁ‘é €4 BRI JFBYuR e TARE Y 1RO ma§RTBY & the kddetcrhaped
extrudates simlar to those disclosed in U S. Patent No. 7,351,393 may be
used. These rathapeavkicaini yatics oheathgleadvamtagerssiof at dehgcDAg apleasisup en @theps

t hrough fi xed  beds co ed to heres of eguival ent effective di ter. In
ot her enbodieﬁg’r?gg?exﬁ%glgiat 8r‘ﬁ@‘?gezﬁg?lo@\gctﬁt%oyg?'Snﬁﬁlo%‘gr 85%8@?1?6@%’ &8@?‘{%3
surface of QLsHPPROLE 1.5/t0RBLAR. AW y&GHsRehlbodMierd)i Thd @@l st@ontgiedweithin

i ngredi ent ugon a larger support (for eggshell catalysts, the effective

di amet er mayhdaetathesid saetdr medyabe vaytlgoowm petadesisoratalyst. sicludieg oxtdss Wit
coated or inpre ed.with LV ter| I S may
be used to rergﬂggﬁ{gﬁgd\e@frf)%%?ﬁ/g Hﬁ?tgﬁrré)ﬁgpﬁ%#nsi -sec]ﬁlr?}%fsltz |°§%Q§{5P§ﬁ§5‘&%g
accor di ng t ena@rbediingadsalditsd, iR, Mefteies therdd@Ohfdoniapuid gedbitesd In addition

i sonerization catal ysts di sclosed herein nmay he used for the conversion of

various i nt ép abg mefagiesisscatalyiththgcatal yst canfained dn e mekrhests gasion Belidibdund,

such as 1-b 1 i - rg,sﬁ;é r | SEA i : tar and
ot her react (Lﬁo gﬂﬁn%é/\r/ﬁi Fgﬁéﬁg‘éagﬁ N iﬁeﬁgggdg rlltl%%%%i)denl? (r)bv>\</(f % ::d En:ra recgtggc(?&?eé

but enes, comueing anefféctRepdinimetee dsodctedilesdt shwe @rd or aklitiexemy dombyhexene,
2- or 3-heptene to V\IP 2011/ 011173PCT/ US2010/ 04 5@@ %’ hﬁp}e?ne., and the |ike
are al so corfOBip askliliZing azent 5S¢ ap & mainipiy) SRS IQRIEGPANG §IHE SBEEFAReAL s
di scl osed her.ej:n, ar l..Ln. processes for the concurrent isonerization
of 2- buteneeﬁcgblﬁg‘(ﬁ?gﬁ%ﬁgﬁy%%t hesis of 2-butene with ethylene to form
propyl ene, where the isonerization reaction nmay be performed in the
presence of ethylene. [0056] The mxed C4 feed to processes disclosed
herein may include C3 to C6+ hydrocarbons, including C4, C4 to C5, and C4
to C6 cracker effluents, such as froma steamcracker or a fluid catalytic
cracking (FCC) unit. OQher refinery hydrocarbon streans containing a

o o A o P~ o o o



i sobut ene, 1-butene, 2-butene, and butadiene. In sone enbodi nents, the
mxed C4 feed is pretreated to provide a nornal -butene-rich feed for the
nmet at hesiwonrenatiiya. For exanpl e, when but adi ene i s pregemtuseaonmes2€C4 f eed,
t he butadi ene may be renoved via hydrogenation or extraction. |In other
enbodi nents, the m xed butenes feed foll ow ng or in conjunction wth

but adi ene hydrogenatl on may be subjected to hydroi sonerization conditions
to cont®93911- binexampls O;Eaanﬁtéthésw wqca%ﬁslfgbﬂb}@éﬁétab@rwcgréﬂs&fate@&mﬂe@ﬁt%
2-butene str t i [ QO I d.th lc b S may
t hen be fed dﬁ%msp%lélgf:et%grlh%g%%a?%ﬂgggcgﬁﬁtggslﬁﬂgi\%ﬁ%g3bo%h%§;£rr€t at eﬁgi:ﬁg
functi onal i tcyntaindhgan-bHusare) ispbtitend) dndnpiraffimal inky ,bet fedcoiavBoty late Il@asta a

portion of the 1- bil%ene to 2-buten and t reaci the 2- butene

ethyl ene t o SERAF#PHI opyhendheaSamay sosheped G g dgast mfréftmsewe %fgz be fed
to the reacyy fl‘i at fﬁcﬁ@ﬁ emélﬁdl | RkdheakPhiHa R C?tfmh@ﬂ‘QnElﬁdﬁ‘l %Et@c@ﬁe@ of at
| east 0.5; a east 1.0 1 n otRer enbodinents; in the range f g

about 2.5 i Mhetlight Cefrbcichnmaaly be rexndertd (ﬁmrasknpatatcﬂr 2 asran]QVBrheadsﬁmltonzazO in
yet ot her e&zﬁoa‘l r(cﬁgs The catal yst contained within the nmetathesis reactor
may be any at hesis catal yst, including oxides of Goup VIB and

G oup t £ FsTARGEEE vRIIANYnd YO &ndNd
coul d Ydr)l?:?[ad ?éuﬁn?aﬁgé‘mﬁégﬁl %%rgé%cg efi%g%g%?tb ZSI I‘anl g and Izleol Ites. In
addi ti on t o fecht> metatitchie seatarakial Fiylent meayctat ed-fest togemta Hewiai flov figes 20

metat hesis re des a doupl e bond.i sonerizatjo suc
Tagnest m ofRIEr - MAtehEs ERrae 1S kv i 08F PRBEry b R TyenGRteL, [ bed
above and i magHédid SRalFBYard isER¥riBRlonCOMIME adectliabithi hiAiASRE ditRséd tO
mai ntai n stabl e doubl e-bond ol efin isonmerization activity over nultiple
cycles. \Ohe@in/ Bllelmmﬂ@m@ssé@smmma%cqtmsgpm t@@alnpx@d wfa singletbad hesi s
prosess 1o ot RufetabIR! RBER S8 Sy URATIR DedhARAcEt,ARA) b
n-but enes, asatpld Béteor ;ﬂdﬂﬂn@m%a;ﬁfalms 1mye Ractbeds sebarafd vds) i ne 10 to a
separator 12, where the CAs may be separated into at least two fractions,

i ncl udil@pH | |§fﬂuem4frpmal@§iaﬂws15|rﬁ@qtqrd hepayssbied efie floantine 26 dapyseparation
fraction, ingc 439 r from
separ ator 1358 ST IR I ol KSR L ABe R B bR R, )

fracti on magffhent €610V eirbon amnebebogrb@pss f Aadllusamated, aeparavion |spaeﬁ;62&r1da3f ed to
net at hesi s reactor 18. Ethylene ma co-fed to reactor 18 via flow |lines

20 and/ or 23tactignalg H@smgtaﬂ)@aétpé?d lfﬁm@t et faun fggRonsy elidingapsthykengs g
conventi onal, i 2@t 1,0 to
enbodi nent s 8@%@0@ %,3} ﬁ%ﬁgfe@é%%de%tﬂﬁﬁgg{esgg’ng ?rs ggfg?%"?g%t?g%%gg{agil%t S
may be admi xmbvenedanesﬂm\gllmelﬁédadnfmgzorbecpizaecbdiaiﬂow hee BéantiarCy fraston es,
such as by | oadi na hﬁ g. t al %sts sequentially in a single bed or placing
the cat al ystS<OVAEHER Q4G P%s separate beds. [0061] Ef fluent from

met at h eagt e V. |l t em
28, vm??:?]&r!a & %ﬁ F?%r@egg&%n fe@%\liéé%)(}va a@‘?ﬁ%ﬁgp%a@%f %QEHu édgfg%lg?'ﬂg%l ng
the effl uentsystﬂhwm:ﬂbbohnen&&béf dgsnwdpst leé&t a pcbrusn roéttmmthsbparramvowdsyst em
28 may frac ath uct four fractions,
el i ng. alogt AT Ahann eviing o PLslers es LV BIeIR 22 1 Piliphioreag a
propyl ene-cqlgjt ai ni ng fractl on recovered via fI ow line 32, a C4 fraction
recovered via flowline 34, and a C5+ fraction recovered via flow |line 36.
[ 0062] fO@EH]t i oAt bshsttahmrmzn bt thet@ofmaation sv@vetdwiia flbivdimel J4nmaBbe mrycled tpur ged
fromthe systemw fJo | f desired, at ortlo of ..t he
et hyl ene reé'fi?f’é?t% fﬁ‘% ?l‘lﬁ’ear@oa mo%glayéa(?m%eglagtsneé?%ﬁyeﬁg Wl a
flow I'ine 235t 0Aﬂﬁfo@glher%tsluhm&&rthwa[@&@%b%cb@@@d via ARV 192 98 dhbe C4

fraction recovered via flow line 34 nay be recycled to
alternatively be recycled to metathesis reactor 18 or to alternative downstream

processing units. Additionally, when the hydrocarbon stream contains butane, the
process may include a hydrogenation stage to hydrogenate at least a portion of the

butadienes prior to fractionating the hydrocarbon feed in separator 12.
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separator 12 via flow line 40, and a portion may be purged, if necessary,
via flow line 42. Although not illustrated, the C4 fraction recovered via
flow |i newB2ommi1&Bt er nati vely be recycl ed to net at hesi #Craset10/04@3s or t o
alternati ve downstream processing units. Additionally, when the hydrocarbon
stream contains butane, the process may include a hydrogenation stage to
hydr ogenate at | east a portion of the butadienes prior to fractionating the
hydr ocdPOeH f e&%@meﬁzgwacﬁaéalmts pocordipg) to embagimants deselasesh begip ags adso be

[0064] | somer,jc 18”?t§é’11 %&é’c%&&s a&ﬁé’r%dih@glsk eﬁ%%‘il' Qﬁ %a%rdb? nfigj Ebea gn may

al so be useful 1Tn o ocesses whe |soner|z on ca may be
exposed to ethydmen euchsas:hlagsben&yclb&dde@ieo&eﬂlorm ob kS .oPatemir o0 6, 1773 82Pat ent
Nos. 6,777,582, 7,214,841, and 7,223,895, anong others. [0065] EXAMPLES

[0066] Si | i cd-4idsS4ddtnrch’ 23 Bfmapongtieral MO tabl ets as a structure

stabili ag cain the formof a colloidal silica binder or as
sodi umléb cat g%v%hgﬁ%%ed to the 5 mm MO tablets. The thermal stability of

t he tatﬂm@@] wesigic &tas hiddied Iaym TBastrEiagMBBTtablets AGEstakRRe ShbiliRgHFEMt.
tablets after multiple thermal cycles. Each thermal cycle vvagggerformsd by
treating t hikietnghe form af # celioidd gticadrinder SRS ERiN 5112381?? WhY

[ 0068] Cat al PIl){'EQ a\ E? re |¥g§ abI et
(MO with )efﬁﬁ(?o tgbl]é‘@ |c§ SO ?I}ﬁgf#]"%f atﬁfr)llirgﬁg %g%v& &Hm% b?arm% u oé,

AS- 30, Al driBHT etmémecabsbf thd Seim tdidets mptee gndtiple nheriraé cgeleal aich wasmdi | ed
at 120C for 24 h. The siljca conte M3O. A was neasured by XRF to be
0.81 Wt% miv'flﬁézfasgewfogm%)e@eaémg v&geﬁﬁelgsaeﬁaééﬁf(t? apesod ARl BET
degass %Q%‘Ig 16 h. Thermal cycling was carried out at 550C for 12
h. Aft r treatment the catalyst was cooled to 120C for 12 h

before [OM]neXCa@ryef NeGOCA Clves pleipatetebyl tishows inpegBitiors bf Sate Mpoatabler ease
for catalyst MO A after the thermal aging. Significant reduction in BET
surface ar eAM@ObrEdy ¢ s@llgidab silichesofytion: cqmiapmngl 3¢ b e siliga (bydex. AP13% t he

second t her a I

compari son. “PHaCShdichith Sl BLnARERAIRT IR G SRRl oL FRRC APpL D, ey
surface aredhafsiléra @ntany of WGEO-Aupad mebdveedi b XRietorbk 0c§/ic ivto. [ D& BRI e
2 [0070] Catal yst M3O-B was prepared in a si manner to alys A
by the wet FHIPRSAER] 8RS &?eagwréﬁn?&@rtaama@fiaré%ﬁ AR IER i U g
sol uti on comhﬁmr@cﬁgg%a@cméacam(mw@ 95130, Ay eeln GBRTIGahS) e ter

the i npregnation, the catalyst was dried at 120C for 24 h. The silica
cont ent MBOcBalyst wae aseledth b30°Krior t13 holeforeghe webthemial pwle BETzuseid fshews ar ea

oyl i ng was Rt baRe reksCTer 12 R AR MOGAErREal e MPREAE e

cat al yst wasi&fatefl rtduclidRGn fBET kdrfhccbatone obhievdiextiert the rfived thepealesyche. gur e
1 shows the BET surface area decrease for catal yst X052-L2 after the

t her mal agi dpwsSeyrifter therfeconskiiernal eyEls, @518%1&18@15@@ aggaeef MO Qs etpbiigesaf t er

In comparison, the untreated Smm MgO tablet (MGO) still continues to lose BET
surface area after every cycle, up to the 4™ thermal cycle.

[0069] Example 2

[0070] Catalyst MGO-B was prepared in a similar manner to catalyst MGO-A by the wet
impregnation of Smm MgO tablet (MGO) with a colloidal silica solution containing
30 wt% silica (Ludox, AS-30, Aldrich chemicals). After the impregnation, the
catalyst was dried at 120°C for 24 h. The silica content MGO-B was measured by
XRF to be 0.81 wt%. Initial BET surface area was measured after a standard BET
degassing at 350°C for 16 h. Thermal cycling was carried out at 550°C for 12 h.
After each heat treatment the catalyst was cooled to 120°C for 12 h before the next
thermal cycle. Figure 1 shows the BET surface area decrease for catalyst X052-1.2

after the thermal aging. Significant reduction in BET surface area is observed after
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WO 2011/011173PCT/ US2010/ 040528 the first thermal cycle. However, after the
second thermal cycle, the BET surface area of M3O-B stabilizes. In

conpari sonp 20he1umsr eat ed 5nm MO tabl et (M3O) still corCirnsesobaskose BET
surface area after every cycle. [0071] Exanple 3 [0072] Catal yst M3O C was
prepared in a simlar manner to exanples 1 and 2 by the wet inpregnation of

5mm MO t abl et ith a colloidal silica ,olution contajning 30 wt%
oI o ( Laddte atRehmatayler dFusiehetar B seanedRertal o i A sifack e
catal yst wagrdiiGedBaabiRAS, fﬁhlrc dhisor,Nie Snltrle&Rd SRth MEOMebtC(NRsORAp Ur ed

by XRF to be 1.14 wt% Initial BET surface area was neasured after a

st andar d BEFou@yms & loge BET380@CS gea aetreveherckml cycling was carried out at
550C f {1,0%13 h. qu’g@r each heat treatnment the catal yst was cooled to 120C
for 12 forEX¥M¥¢dext thermal cycle. Figure 1 shows the BET surface area

decr ea?@()’f@r C@&tﬁkﬁl‘i/{d@@@a@%ﬁﬁ%& fa Eiﬁfgfa | anﬁ&jtﬂ%xanagbl%‘ilfabg%@ytﬁg%ﬂi on

in BET surface aréa is obser ter t rst ther cyc However ,
after the sappregnativer ofefmoyilge), tablee (B0 s withacenllmided sdica MHOtGh soathiing es.

| i , t.he .unt d t abl et il ti to | ose
BT surt ace s wecyitih (GO ATohe Mg seniabie AMpodri ORIy Rr i b
was prepar e@atlaérisf (s Wekd Mo @UN &frl 2Nh OFTHe ML ntaR MG OLMHAs Meddirad by

solution of sodiumsilicate. After the inpregnation, the catalyst was dried
at 120C f or XRF o bahd4swi%cdnisiehBérlt suvface bregawasrmagsiwettlaltyr axReEndagd BETL. 40

w% Initial, BET. surf e S asured.after a standar degassi ng
bt %500 for degisind Hhaohs O T MR THER RS tid Wl e PuRbERRR! S5 SRR o
each heat t ek BEK hidi@reathal Y5 cMBISSICRY esblEéDtol P R 122 Beforf dlemekhe
next thermal cycle. Figure 1 shows the BET surface area decrease for

catal yst Mothaomak exale.t kéguradr shawvsabe AiT sitdarieraremaecrease fer PYRLYFMSES-C
surface ar e%ftkrsth%t}ﬁs{n"a?qg&lf@t %gﬁi%%? t'&&&ctfoﬁﬁheﬁﬂ e c%-aréé}[%?é%s%gz%:@%g% to

| ose BET surtacé area in-every-cycle up to ermal cyc
cont ai ns Nathe farscékindl ciyblat Hexevbt, bfted thagecondaligmat bate, theBEDfsulicttareawhi ch

i s expected have negative influences on maintaining surface area a

el evat ed teﬁ%i\flgpuée%a%%m O onapagispy the Jugngated Patgblst (VaD) St\‘}/Li ch
al so_cont i NgiirhRs LORE: BET SHblaGe, sraaeli glagvery cycle. [0075]As
described in the exarrp? es above, structur tability of the MgO tabl et can
be i np[VAE] byEeddblag a structure stabilizing agent. WO

2011/ 011173PCT/ US2010/ 040528 [0076] It has al so been found that using a
snal | el0®Hlect Fatalya MEPd? washarepeigdi by the et faregnation of Smm MgO tablet

(MGO) with a solution of sodium silicate. After the impregnation, the catalyst was
dried at 120°C for 24 h. The silica content MGO-D was measured by XRF to be 1.40
wt%. Initial BET surface area was measured after a standard BET degassing at 350°C
for 16 h. Thermal cycling was carried out at 550°C for 12 h. After each heat
treatment the catalyst was cooled to 120°C for 12 h before the next thermal cycle.
Figure 1 shows the BET surface area decrease for catalyst MGO-D after the thermal
aging. Significant reduction in BET surface area is observed after the first thermal
cycle. MGO-D continues to lose BET surface area in every cycle up to the 4™ thermal
cycle. MGO-D contains Na', a cation that exhibits lower charge than that of Mg?",
which is expected to have negative influences on maintaining surface area at elevated
temperatures. MGO-D is similar to the Smm MgO tablet (MGO) which also
continues to lose BET surface area after every cycle.

[0075]  As described in the examples above, structure stability of the MgO tablet can be

improved by adding a structure stabilizing agent.
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MyO cat al yst can be inproved even w thout adding a stabilizing agent.
Thermal aging was carried out at 650C for a period of 24 h. Thermal aging
at this hwgheriaiermper ature of 650C is considered to be &CTawerie/ osdites mal
aging test for the MgO catal yst. [0077] Exanple 5 [0078] A 5 mm MyO t abl et
prepared without using a stabilizing agent was subjected to severe thernal
agi ng g& treating the tablet at 650C for a periaod of 24 h. Figur shows

f F
Foe Bt a s abp deapliaig tha Wt Sl BEqve Qe e G aNY (tehg abi et

after the s g;’nﬂg nLgd.al : d g e O
tabl et was %gﬁﬁc@;a@%%a{% ter ?Y#g !ta é@mﬁgggﬁgg? %gaélur gfé%&g} egh%yged
to 36 nR/g. afingowas twried enaaes F5Cefod iaapeeiodr ofi 2 he dRedmblbagihgat tH28 hiplef r om a
broader range but sma{(lgéf dianeter from 3-10 nm Aft?r 1 herrmfl geg?l7 he
full width RMPRERRISALOANG Premmeydersdstonked srude dierma! #sing tsh o gff%:é&arrpl e
6 [0080] A 3 N0 tablet prepared using the identical MO and no
stabilizing agent. It was then subjected to severe thermal aging by

treati (@0THe tBEkdmepledt 650C for a period of 24 h. Figure 2 shows the change

in the gore volune as well as the BET surface area. of the tablet after the
sever e [99& el Aaymuy Mghitahlef| pregared withgeteusipga sEP1ZNE s2erhivig GRISHER {0 was

133 210 ande@h! Henhnfadiie bBleaflk Mk 12bRE oP USORE Ford BdLOHSLY, 1mR 1/ 0.

Al so, the average pore creased to about 1 oma s
di amet er of shdwsitheSchanpe Af ther pdrbeniahe agiwel dshthe fBET swifatehared ofidef tableki num

(FWHM) was asured to be 6.2 .nm_Co ing _the 5 tahl et in Exanple 5
with the 3 SEWHP dhermal @&%&mwlfgﬁtég%%mr%wgmaﬂgﬁﬁ taflgt WS

tabl et retabps ﬁ@&%%ﬁﬁg fRtnh A AHRA s@ Bl ard DR I8N S 6l 1% MBlisAghdd
treatment. Also, the average pore dianeter after the thermal aging is |ower

with the 3mavéragd orecdiapatesdndreasetigo Sipputt 2® gt froMhe hyoadsr danger bufmiadier i s

al so narrowetr wi.th.the 3 Otablet after.the t mal, . agj conpared to
e smm MyOdaiie RS 2 0bns, A& Feriat hivies fen M e R HGCRERANES, |
maxi mun( FWHWwirvn) (as nicwursd @5 1537t abl et shows a FWHM of 6.2 nm conpared
to a FWHM of 15.2 for the Smmtablet. [0081] As described in the exanples

above, [00fHoveheamsleion MyO cat al yst stability is achieved by utilizing a
cataly | oyer ef t] di aneter. W0 2011/ 73PCT/ 010/ 0405

(0821 TheSer P8emicbech aby B ioipeate 16600 S0 A8TH SREIS Bblodt men s
di scl osed hejRithed subfeRrBaab 86ver® tHeRBalRli{ ObyBBAMChe GO aNE5MAbr ARFASST UM
oxi de catalysts, each in the presence of ethylene for the isonerization of

1- but ene t o of24But Bigare tshows theethaagh ésthe rae aolume ay weB@dithg BTt srface

conparing catal S, .0t kS .hoted t?ﬁat the.is [ i QN i i

equt i br  umereerataageble i P MEE Rt Senel il BT SP5EE RSB S
exhibit a conyensilanwaf 18PRr/Qdndrifet hetBeintl 4Dinge theasitfavhava ofriced edsa@t a
tenperature of 600F. This corresponds to a 2-butene / 1-butene equiljibrium

rati o of appi i HHs@l feFverage nasackaneticr Birpdeed it @bow I pay Fpmyarwadieny

pur e o AR f AL Ly “AHE LA AP BlY of 8 kit 1
(FWHM) was measured to be 6.2 nm. Comparing the Smm MgO tablet in Example 5
with the 3 mm MgO tablet in Example 6, the smaller effective diameter tablet retains
a higher BET surface area after the severe thermal aging treatment. Also, the average
pore diameter after the thermal aging is lower with the 3mm tablet compared to the
5mm tablet. The pore distribution is also narrower with the 3mm MgO tablet after the
thermal aging compared to the Smm MgO tablet, as seen by the differences in the full
width at half maximum(FWHM) for the two sizes. 3mm tablet shows a FWHM of
6.2 nm compared to a FWHM of 15.2 for the Smm tablet.

[0081]  As described in the examples above, improvements in MgO catalyst stability is

achieved by utilizing a catalyst of lower effective diameter.
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[ 0084] A magnesi um oxi de catalyst is prepared as a 5 mmpellet, having a

|l ength to dianeter ratio of 5.5. The catalyst is |oaded into an

i soneri zavoaniweEaBor and heated in a dry inert atnosphece/soi8s@32$ or 60
hours to renove substantially all activity-affecting anounts of water and
carbon di oxi de. 100851The catalyst is then tested for isonerization

activité éé‘)]r the isonerizatign of 1- butene to 2-butene in the presence of
et hyl edB08Zihe ThorReFioFarIGEn Of cHegesNM LXindaEbeEl &fw&%@gpgq FHRdIREYE and

a wei ght  hougd Y, SPaERY & ﬂéfec{ %\9 oréxaﬂce rlv%ﬂ@or?a'i‘% HPUhSkids e fed
R

to the reactor at a ratio 1et ene to 1-butene. 6] Results of
t he experi meatalyatse em}eseﬂtee;tesencaqjmﬂnylme ﬁiratheusrgnwzmhoqmmlf d liutmft ene-( a 2
but ene/ 1 butqene rati o of i ure 4, even ower VWHSV, the

h
catal yst faiPlEng gViihont m qasfsb‘iséﬁtqﬂ?m#' :{?ltaldg £y CORRFTIR Cé‘t@YSB%EEWé’Qt%d

butene 1 ratg f &%éﬁzauél r&hﬁo@% bé{ﬁlhyrllﬁ{'l mﬁeecpae&@qﬁﬁﬁonqep re@5 &sed 8pi dl y
with cunmul ative age. [0087] Exanpl e A magnesi um oxi de catal yst is

prepar ed hawviurg?2dutest featld \ﬁehﬂwtaamomfermn Qf epproxingately B t@e%perdﬂhievvben al yst
is loaded into i SONEeriza | ON 7 836 nd heated, in a n

at nospher e é’Pe@%gcf‘tf BricBecRBtr £ %ﬁ) g 5@ SSTBEPRMSAI § éﬁ{tene 7" -butene
activity- af fegaflibAGmarBE NdfSapphobRly 3datCRhEM BintpetAere. BRRBA]yTheesbhl yst
is then tested for isonerization activity for the isonerization of 1-

but ene to 2pbre &hatang wardd srlibis riceonyprsianhel anpeoximigiele 23 tonisaeh that saeg ri ed
out in an |d Qﬁ;)g? nRpner to exanple 7. WD 2011/011173PCT/ US2010/ 040528
[0090] Resul t© e experinent are also presented in Figure 4. ' Under
sim | anogg3ydi tE leg catal yst having a smaller effective dianeter, 2.9 mm

may |n|t|aIIy reach equilibrium but activity falls off rapidly vvlth time.
[0084] A magnesium oxide catalyst is prepared as a 5 mm pellet, having a length to

diameter ratio of 5.5. The catalyst is loaded into an isomerization reactor and heated
in a dry inert atmosphere at 350°C for 60 hours to remove substantially all activity-
affecting amounts of water and carbon dioxide.

[0085] The catalyst is then tested for isomerization activity for the isomerization of 1-
butene to 2-butene in the presence of ethylene. The isomerization reaction is
conducted at 400 psig and 600°F and a weight hourly space velocity (WHSV) of 5.4.
Ethylene and 1-butene are fed to the reactor at a ratio of 1.8:1 ethylene to 1-butene.

[0086] Results of the experiment are presented in Figure 4. Starting with pure 1 butene (
a 2 butene/1 butene ratio of 0) as shown in Figure 4, even at a lower WHSV, the
catalyst fails to reach equilibrium initially, reaching a 2-butene to butene 1 ratio of
only 1.5. The activity of the Catalyst decreases rapidly with cumulative age.

[0087] Example 8

[0088] A magnesium oxide catalyst is prepared having an effective diameter of 2.9 mm
(6 by 8 mesh). The catalyst is loaded into an isomerization reactor and heated in a dry
inert atmosphere at 350°C for 60 hours to remove substantially all activity-affecting
amounts of water and carbon dioxide.

[0089]  The catalyst is then tested for isomerization activity for the isomerization of 1-
butene to 2-butene in the presence of ethylene. The experiment was carried out in an

identical manner to example 7.
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[ 0091] Exanpl e 9 [0092] A magnesi um oxi de catal yst is prepared having an
effective dianeter of 1.35 mm (12 by 18 nesh). The catalyst is |loaded into
an i sonerwpabilgnirieact or and heated in a dry inert atnoepmarserian4s@29C f or
60 hours to renove substantially all activity-affecting amounts of water
and carbon di oxi de. [0093] The catalyst is then tested for isonerization

activity for the isonerjzation of 1- butene to 2-butene in the presence of
et hyl er{éw(ﬂhe Resisr pL 4bs sppeamenti aig also cpiserteedn akigttsndt t i Ti HBWET cal

to those of : . : i o

presented i n Eﬁ?lgglrmg%fgta% ggg\ﬁn%gg%éléﬁeﬁ\gc}%?%g{ag{ elé%‘;? ’ %ﬁgﬁg%ﬁg 3%?513%%%?1& es
havi ng an efefjeiibrivum, Huttavevey fals off @pidiywitbaimiees equilibriuminitially,

havi ng a product 2-butene to 1-butene ratio of about 3.5. Additionally, the
smal | er[(’ggﬂectﬁi‘?@n?ﬁ?a‘?rret er catalyst maintains activity / perfornmance over

t i 1 X .- t gl
Pt o JPOgH DA ALkl OB SEEHEES ibabd BuRLOM Gt PUERGey @ 3T Hhene
n- but enes f g2 per §anesh). oTheragnlgsi ivoaaded dieto ah Q&1drizatiop keactd ahd G8G¢din a

magnesi um oxj de catal yst is prepared having an effective dianeter of 0.64
mm (20 by 16UYEBHS atnrpwheie af Y2Q°G don BAdHTS R soapvS SERREANTIZAY A agte ¥t or

and heat ed ia?fe@ﬁixfg'éﬁn&ﬁ%Bfﬁﬁtgfmﬁo@dioﬁﬁgc for 60 hours to renove

substantiall'y all” activity-affecting anounts of water and carbon di oxi de.
[ 0097] The93jat allls tatalyst iethet essteldfch dsormataron zativionfacthe isdnyerfzatiorn b€ 1-

i somerization of 1- hutene tg 2-butene |n _the presence of ethylene. The

i sonmeri zat i GWIGNEA0t PONISIS B ifu PFSENCE: OF SHEIENCon st hied BRMEHZMI AT, TP HAD |18 s

79, 10098] Reauldy Rleoh@BoMRBAIIPR nBiS dbamiNersied L0 Floure 4. As can
t I cles

be seen in Figure 4, e catalyst parti ving an effective dianmeter of
0. 64 m0024c heReaityiolf tHer dxiperiment drablsy présamted in Bigoreo4luas c2a beitesnan tFogure

catal yot e RETEOTROIAG VBB o el SRRRCI o3 BHOSGHBE OB | e
decreasi ng L@ PripdHeta prdautenBuleRe s PHURRAR 5AS b aBSut@O U dditRnafl§, &he @
smaller effective diameter catalyst maintains activity / performance over an extended
period of time, decreasing to a product 2-butene to 1-butene ratio of about 3.3 after a
cumulative age of approximately 2400 grams n-butenes fed per gram of magnesium
oxide.
[0095] Example 10
[0096] A magnesium oxide catalyst is prepared having an effective diameter of 0.64 mm
(20 by 10 mesh). The catalyst is loaded into an isomerization reactor and heated in a
dry inert atmosphere at 350°C for 60 hours to remove substantially all activity-
affecting amounts of water and carbon dioxide.
[0097]  The catalyst is then tested for isomerization activity for the isomerization of 1-
butene to 2-butene in the presence of ethylene. The isomerization reaction is
conducted at conditions identical to Examples 7-9.
[0098]  Results of the experiment are also presented in Figure 4. As can be seen in Figure
4, the catalyst particles having an effective diameter of 0.64 mm reaches equilibrium
initially, having a product 2-butene to 1-butene ratio of about 3.5. Additionally, the
smaller effective diameter catalyst maintains activity / performance over an extended

period of time, decreasing to a product 2-butene to 1-butene ratio of about 3.2 after a
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WO 2011/ 011173PCT/ US2010/ 040528 cunul ati ve age of approxi mately 4000 grans
n- but enes fed per gram of magnesi um oxi de. [0099] One skilled in the art may
expect thao0atEliysts having a snmaller effective di anet ecTwseéid/ouosps ove t he
ki netics for isonerization of 1-butene to 2-butene, as based on reduced
mass transfer limtations. The reduced mass transfer resistance would | ead
to behavi or as observed _above, nanely an increase in activity allow ng for
i soneri zat | GHIMGIVE 48R 0@&9?4035194@% 4090 s Roatenes ded PerogramoftARagnes it bed
above howevekige nprovenents in catalyst activity over nmultiple cycles in
addition to activity within a cycle were unexpectedly observed wth MO

cat al y§0899j t hOsersitilled inethé attmayeexiheatnRiteatal YOV Id 4 sthaler bﬁéé‘ti\fea'ijilildetkh at
using a snaller effective dianeter, the stabiljty of the MyO catal yst can
be i nproved.Waud paBroye dbe kisHes Ringomaazation; ¢yl -Eu@%m @rbuignce @s jbpged on

di aneter, t oLd ' I e
regenerati OE&%I;%@ ggél ttrrr%}sg%é%&@dg%% Ng%é ?ég)tl)lﬁéeqtltéﬁ%s\rlﬁdén gﬁ:’r}n?%g%&%égb ggcgle\%ma?(%]out
st abi | i zi ng babntrsasadsasedwtreebmdrnely @s tigateasa die ectivityat loesng for dsoahidrizatien t 0

pr oduce prog%/l ene, \Amch inclfé)de both isonerization of 1-butene to 2-butene
and the met &9 FrAER SIBHOLIRJPIAONEFHdIBE but ene to form propyl ene [00102] As t he

et at hegh FG1eact iAANRGHHISHRNE YoREt I RRnBvAHLADS: BRgySL VLR Vel i fe and
Y § i R 7

ethyl e ei'ng a non-productive reacti using a consi sting only
et hyl ene andydlebint adibtion td agiotyi wighinhe cgnle stees tingxpgetedlg bbisevand witaMgéh dut y
to reach a given netathesis.conversion. Further, depending upon the feed
purity, thegﬁta&ﬁﬁl"&‘%}bﬁngiﬁﬁ?ffg?fh"gl 13R¢EY- conver si on between 1 and 2 but ene,

resul ti i arati : - : j | =06 i he
06101 h ®en Zobi BIAE uglggla _ 1&9%@&&0&%@%{5%@ svabﬁng dtfﬁléé

effluent if "'equilibriumis attalined. This ratio wou ecrease a
i someri zat i Mg antalypscanagresniyovdd. witthias nlsa beye f@indrttlatowserg armmhblilg] effectied es i f

t he feedstock i .l n butepne than the equilibriumratio at reaction
te(rarpe(ra:t ar g%‘%%@%i%%{yeoéﬁle%@oﬁtgﬁg tp SRSt Geleaio, Yl BEENTTRI ni xed
bed cont ai nichgbé EpIEA. t AlalsOf tabletsSRATBIARA MO falAéts “@thm&hﬁ%g%ageghm y

for metathesis. The tests were conducted at a tenperature of 3 )
of 12, and aflded peesbethdeged apdeprietpthetise dondidions dk peesvst srepllete, prveh 1

but ene and ¢ in_a. r #atio of hyl ene{ 1 but ene .of o TVO
cat alyst o wir s bRl of Phyiadlo ZLRNPAR b MUBELhttrdeot MR one
was tabl et ed-Buger@no €brheplobykenéeli anmet er of 3nmm and the other to an effective

di ameter of 5 ) i
[00102] As the metathesis reaction occurs only between 2 butene and ethylene (1

butene and ethylene being a non-productive reaction), using a feed consisting of only
ethylene and 1 butene will provide the greatest required isomerization duty to reach a
given metathesis conversion. Further, depending upon the feed purity, there would be
additional interconversion between 1 and 2 butene, resulting in a ratio of 2-butene to
1-butene of approximately 3.6 in the effluent if equilibrium is attained. This ratio
would decrease as the isomerization catalyst ages both within a cycle and over
multiple cycles if the feedstock was richer in 1 butene than the equilibrium ratio at
reaction temperature.

[00103] Example 11
[00104] The tests were carried out in a mixed bed containing the MgO tablets for

isomerization and a WO3/SiO, catalyst for metathesis. The tests were conducted at a
temperature of 315°C, a WHSV of 12, and at a pressure of 400 psig. The feedstock
consisted of pure 1 butene and ethylene in a molar ratio of ethylene/1 butene of 1.8.
Two catalysts were prepared in an identical manner with the exception that one was

tableted to an effective diameter of 3mm and the other to an effective diameter of 5
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WO 2011/ 011173PCT/ US2010/ 040528 nm They were then each subjected to an
identical testing protocol. The testing protocol consisted of the follow ng
sequence:wh.20fila1at al yst was activated and subj ected t ®@Ca/useaotiwsns cycl e
at 315C as descri bed above. The test was allowed to run until deactivation
was noted as evidenced by a |l oss of 1 butene conversion. 2. The catal yst

was regenerat ed_by burni th cok posited at a tenperatu of 500C
fol I oved by MG HEL Pe A0S scteittwystd%@l CRUEORBISEL Pl FEER% at ed

for the next,§eanlchRllsid 6 e féuovet nigeqeLeaction eyl e of 24 hours was
conpl et ed t(%) deposit sone coke on the catalyst. After 24 hours this

catal yst was regdnelht eatalyst was sttemtel andl s&@@dStwmseapemay@d ap 348 a$ onal
times to thus resul t cat t m xt vin enced a t | of
4 Cycles o that  pofserioed S Fho Euies i Brun il BirliFRbRova eed

al | owi ng the reacti gfeVi@nctdb¥Bldss ol dutdn¥@bhriAsiv@s noticed as evidenced by
a loss of 1 butene conversion. [00105]1-Butene conversi on during both cycle

1 and cycle 5 is sheyn éaQﬂyQOWAStQEe%rMW}Qﬁ tt}?cn(iok@edéogﬁ@gt gplgt in

Figure 5. Conversion Is showmn on arelative 1 ne conversion basis. For

reference, the equi teniperatue bfBGOUD €olbovederysa di pusgasettcﬁﬁﬁ%,s Thheatablsatvave

conversion of 1.0. 0010 %é (fan be seen that the % %e 1 performance of
an F

the 3nm MgO tabl et W&8 8P 6°t8'&WIfP’b¢’Flﬁ’ﬁ¥%fﬁ6Ct§’P up to a cunulative

age of 1200 kg n- butenes fed/ kg catalyst. Wth further _increase in
cunul ative age, caté&l S;‘?g?ndd@é%ttqf\/‘é}tclleo %&0165?&8\@81%%#5{%00&5%@5@9% age

of 2600 kg n- buteneénfﬁh%ctfaggy@amty  hofts B Eﬁ%ﬂZEt‘\V GONERDPL ARSI On Was

observed. It can furt seen t at t e cyc orrrance 0

MjO tabl et was sl ' g§ v@a%l r%V\éa?ecHJi la(ll(P {1 e RS 1 résu'itll{l?l%ﬁ éa?al%ﬁ?n&t{l% € 1

conversion. Al so tene BV 3 on for cycle was to a

cunul ative age of 1ﬁ£@ng<@;perlbmeara&atai efl4 Kgclega&)ah@tquthth further increase
in cunul ative age, catal yst deactivation was observed and at a cunul ative

age of 1800 kg nﬁbumtmasreta@tﬂ{ﬂ@creawd ﬂﬁ@ﬁ coiflpRledrBlbaing/Be teRUbE RENBAMYET ST ON
was observed. [00107] For the 5 mmtabl et, {) can be seen that the cycle 1

perfonl ance of the Qeaﬁﬂvav@@W@mO@pemewrtceqbby@\A@Sé@tﬁdlhumnmml‘(qr@p@ct| ve
1- but ene conversion of 0.91). Also, 1-butene conversion for cycle 1 on the
5 mm Mja1e8]l et VaButshgoordveesdodt Hyrihgeth dybkenl and cycle 5 is shown for both the 3

mm MgO tablet and the 5 mm tablet in Figure 5. Conversion is shown on a relative
1-butene conversion basis. For reference, the equilibrium 1-butene conversion is
shown as the relative conversion of 1.0.

[00106] It can be seen that the cycle 1 performance of the 3mm MgO tablet was close
to equilibrium and stable up to a cumulative age of 1200 kg n-butenes fed/kg catalyst.
With further increase in cumulative age, catalyst deactivation was observed and at a
cumulative age of 2600 kg n-butenes fed/kg catalyst, 0.66 relative 1-butene
conversion was observed. It can further be seen that the cycle 5 performance of the 3
mm MgO tablet was slightly below equilibrium and very similar to the cycle 1
conversion. Also, 1-butene conversion for cycle 5 was stable up to a cumulative age
of 1100 kg n-butenes fed/kg catalyst. With further increase in cumulative age,
catalyst deactivation was observed and at a cumulative age of 1800 kg n-butenes
fed/kg catalyst, 0.81 relative 1-butene conversion was observed.

[00107] For the 5 mm tablet, it can be seen that the cycle 1 performance of the 5 mm
MgO tablet was well below equilibrium (relative 1-butene conversion of 0.91). Also,

1-butene conversion for cycle 1 on the 5 mm MgO tablet was significantly lower than
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WO 2011/ 011173PCT/ US2010/ 040528 that for the cycle 1 on the 3 nmm MO t abl et
t hroughout the test. The deactivation rate of the 5mm MO tabl et was al so
much hi ghwo 20hzmit7Bat for the 3nm MyO tabl et, in their PeTMSee00e02s r st
cycles. 1-Butene conversion for the 5 mrmMO in cycle 1 was never stable
and continuously deactivation fromthe start of run. At a cunul ative age of
1975 kg n-butenes. fed/ kg catalyst, only 0.46 relatjive 1-butene cqnversion
was obser vegf.lat [}%%5 §Y§¢ q@é‘ﬁhf)é @Bé\ﬂga ﬁ%hl_ettth_@ug?/?ﬂt éheste_ﬁte rjﬁ’ﬁrdﬁﬁﬁﬁ’éuﬂlﬁ 4ife 5
mn MJO tabl gff tN@Smal B0 Weldt vRR!Y [t hidhed thah (hR!r8t fh\é%n%m%%gtsblet, in
conversion of 0.90). The deactivation rate of the 5 nm MO tablet was al so
much hi gher themarespéesitve fiiost dyhkes3 1nButkyOcommistséen farrhe henm VMeOpeatytleel vas t h

les. The d iyat i te of .the 5 O.tabl et .i le 5 |
SVt cant ISR AR dnd o ety batfadio P ahE Rat oty “XEa Spupufiye e
si gni fi cantloy 197671er abutdne®Ted/RE EMEYsE Snly CBMd t:Slafied 11heend BRIVMIEN 4R et -

The deterioration in catalyst performance fromcycle 1 to cycle 5 was nuch
worse in thebsased.of the 5 mm MyO tablet, conpared to the 3 nm MyO tabl et.

At ac ive e of 104 nbut epes fed/ Kk talyst, only 0.44 relative
1- but ei@b‘ic(gérlver sﬁg esseSBiléalr(tg]é‘H?yctIT gé’f @fm@‘fg Og%?q_ % )é?n"“il\ﬂg@ﬁ%blﬁtr‘_f"asrrﬂW
expect that vl s eguiltBMidrdatsBal-b@en&tdietsiood). o0et ghe\Wer i aligRrAve the
kinetics for isonerization of 1-butene to 2-butene, as based on reduced

mass transf of tha rimnaMeih éablethyas algpumuictekigher than Hat firfthe B emoddgOriablet, in

Fovover . undgoeeary. THARE. s he FRdhafGh iF oE R FhdeP g s

deact i vat i onvasalsssighificarlyshigh thanveae i kis Eirseg el tThiMaQlea pkigaifRamiy h
smal ler effective dianeter. It was al so observed that cycle to cycle

per f or _rrance_dbf&r%‘?ti %‘P‘Qt‘"@hg SYFle 3 sepuliadonheud iy MebatabloystThe deteriorghien fier
effective di Eberfo aﬁc«icﬂ&nrkgfglfeqetofc%&\glieaﬂ %9«1{%}1 @vo?g[egg lil%ﬁa%\g WE te

i nmass
transfer resistances for |ower - effec e dianeters. descri bed
above, enbodgfetatdetdcempasddb therimm PO itatdetc aAtad yemslafiog agdef 1 GeIMeg hzat i on

of 1-butene . to 2- ene _and netathesis 2-butene and_ethylene to form
propyl ene. Pgﬁﬁﬁsrﬁggé‘tgicéﬁ?ﬁétog‘f%@f% raf‘%@ bg%‘iﬁn%(?féieﬁ}oqq‘ém MFeRsdef f ecti ve
di anet | ess : , i b : fvi : t he
i soner ﬂ%ﬁg n of %Qa%(ﬁl?%ﬁg} %% %?gﬁatyegg?lec%@ﬁ%%b&ﬁsgﬁ%\bg tgn%feigﬂ%)e %%éﬁéf?éene.
Addi ti onal | diansterhwealtlaimyste theokinetbuive dsaeatmtivatof drbutaiee® Dabarentj s and

| onger catalyst, life, in the presence of ethylene. Advantageously, .
cat al ysts a&%‘iﬁ’?d‘?%&%“{i“_@ﬂ%ﬁitﬁ%ﬁﬁég _h&?lga_(':lp%e iR ¥, SRy ﬁ’ﬁr ggére_[nﬁ%s Yveral |
per f or mance peffornkifics BBINRRGhd SRINELAL BtrhANeftechivl AlHGSESTOF ;%9&% qQr, Hb%t%d' ng

| onger isomerization catalyst cycle tinmes, higher overall  butenes

2011/ 011173 PeRpesedlyohes0smslsoavigntficant rednetidn ightbe dpaatidatien oigs durgiguadi ng

hi gher prop i el ds e i net.at hesi s reactor in the presence
of et ny! ene oSt FumY P NERE st B an b e fmgru ol 50

enbodi ment s obdchagiethakéycled dytld hafafiancd@tbicalen &f dellull Byhisingh %Qtlag@u re,
w Il appreciate that other enbodi nents nay be devised which do not depart

fromthe scOp@ oimalles effeeterdiagetsr| bhigcan npckordilaiged by & sinple spictpoil d be
limted onl ¥, 0y {0t GAS0RY 16 180 EPe fective diameters.

[00110] As described above, embodiments disclosed herein provide catalysts for the
isomerization of 1-butene to 2-butene and metathesis 2-butene and ethylene to form
propylene. Isomerization catalysts disclosed herein, having an effective diameter of
less than about 3.2 mm, may exhibit excellent activity for the isomerization of 1-
butene to 2-butene, even in the presence of ethylene. Additionally, such catalysts
show reduced deactivation rates over time and longer catalyst life, in the presence of
ethylene. Advantageously, catalysts according to embodiments disclosed herein may
improve the overall performance of the combined isomerization / metathesis reactor,

including longer isomerization catalyst cycle times, higher overall butenes
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WO 2011/ 011173PCT/ US2010/ 040528 CLAI M5 What is claimed: 1. A process for

t he doubl e-bond i sonerization of olefins, the process conpri sing:

cont act i /yoaofllmid3st ream conprising olefins with a fixedThsdoioomses si ng an
activated basic netal oxide isomerization catalyst conprising a structure
stabilizing agent, to convert at Ieast a portion of the olefin toits

i soner. 2. The pr.ocess, of cl ai i n the basi ¢ neta i

i someri zati &% %ﬁ‘éﬂ‘y%“cd 138%@1’%‘5]?“8{1 nglydingghesrpraperesyig cyxyheaélse%g} gium
oxi de, stronhdtiboXtdsior Qp{hb;};g@sgﬁge%,etﬂ yiddai um oxi de, and conbi nations
thereof. 3. The process of cfaim1l, whérein the basic netal oxide

i soneri[@&t14n c atWhits theodisqlosuse mcivelgs e dinitadaninter of embbéinnas é8se skilled ai m
1, wherein the stru ture st |I| in ent c i ses | east aqne. of

el enents Al n&he ar a\@lg bRe tﬁ‘\? &J%ﬂg n%pé‘?ﬁ%? %%ﬁt Bheg qnpRadigents 5
The process e t 0 40
wel ght % of ool 8 %ﬂ%ﬂﬁ?gbﬁ.ﬂ?.ﬁ%ﬁ%ﬁ%‘ﬁ (BERE: SFE AP Pl

wher ei n t he Asicondingly ghe serpelshould e digated dndy bntherattatledrolamsa bi nder
conprising at |east one of silica, alum na, and natural clays. 7. The
process of claim1, wherein the structure stabilizing agent conprises at

| east one of a conmpound and a mi xture. 8. The process of claim1l, wherein

the catal yst has an effective dianmeter in the range fromabout 0.25 mmto
about 5.0 mm
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9. The process of claim1, wherein the catal yst has an effective di aneter
in the range fromabout 0.5 nmto about 3.2 mm 10. The process of claiml
wherei n twe 20atEhyst is in the formof a tablet or an ercrasatie/4dsis The
process of claim1, wherein an initial activity of the basic nmetal oxide

i sonerization catalyst is a 2-butene to 1-butene product ratio of at |east
3.0, as neasured by conversion of %gg ﬁggutene to 2-butene in the presence
of at |east an equinolar anmount of §§ e at a tenperature of 600F and a
pressugﬁhqt 4 0 &ﬁig. 12. A process for the doubl e-bond isonerization of

ol efi ns FHE P Cess conprising: contacting a fluid stream conpri sing

ol ef i ng. WAtdtodest forale BRMIEBIMT is6inBBzARdN T blefiab able bRtk dWaipasingXi de
i somerization catal yst having an effective dianeter in the range of 0.25 mm
to 4.0 mm t corBatieg & flatd steeany canprining olafing withe foyedfhed comprisigiaggetivated WO

/ . . T ¢l ai £ he basi
rotal oxi de i sBuR: piecl BARASordchnafi0f CBLRRESSnGliifik 3 Mubdee WIRHiZD A0, DS ©

oxi de, cal ci umoxdneert aslesgatgouioroxd theolefians itgisoxiede, |ithi um oxide, and
conbi nations thereof. ,14. The process of claim 12, wherein the basic netal

oxi de  i2s0HeY PPEETSOH claamal. yderede Hsrasicametalyidds isrmsization cpialystremprisssdls of
claim 12, 1 nheg i o hﬁgn%ﬁ&ﬁ%c'_idz’e? &%%cﬂjlﬁgf&ﬁﬁgedstrw&uﬁg}@&’ Horihith !i)gidé Nemidnge

from about 0.5 nm to~about & proces clarm wherein the
cat al yst osde,rantllvembaraniond tharebibl et or an extrudate. 17. A process for the

producti on of prop ne, .conprising: fractjonati.ng a. hydrocarbon stream
conpri st nﬁhenp %néjsc, Aty by Whghs thg%&%ma PRISE AT X‘Préa%t? YPWRPTRRIEES i ons
i ncl udi NgyAghdsA o&def raction conprising isobutene and a heavy C4 fraction
conprising n-butenes and paraffins; feeding ethylene and the heavy C4
fracti dn The processeaf didnh t.caberein thospnétutenyakilinpg agtnd sompriatsadtylsast anel ofin

act i vated. bag e (o8 @4l 06, RO 3L LR SabANSL: SQUBE ST N’ @ structure

5. The process of claim 1, wherein the catalyst comprises 0.04 weight% to 40 weight% of
the structure stabilizing agent.

6. The process of claim 1, wherein the structure stabilizing agent is in the form of a binder
comprising at least one of silica, alumina, and natural clays.

7. The process of claim 1, wherein the structure stabilizing agent comprises at least one of a
compound and a mixture.

8. The process of claim 1, wherein the catalyst has an effective diameter in the range from
about 0.25 mm to about 5.0 mm.

9. The process of claim 1, wherein the catalyst has an effective diameter in the range from
about 0.5 mm to about 3.2 mm.

10. The process of claim 1 wherein the catalyst is in the form of a tablet or an extrudate.

11. The process of claim 1, wherein an initial activity of the basic metal oxide isomerization
catalyst is a 2-butene to 1-butene product ratio of at least 3.0, as measured by conversion
of pure 1-butene to 2-butene in the presence of at least an equimolar amount of ethylene
at a temperature of 600°F and a pressure of 400 psig.

12. A process for the double-bond isomerization of olefins, the process comprising:

contacting a fluid stream comprising olefins with a fixed bed comprising an activated
basic metal oxide isomerization catalyst having an effective diameter in the range

ot 0.25 mm to 4.0 mm to convert at least a portion of the olefin to its isomer.

28



contacting the heavy C4 fraction wth the activated basic netal oxide

i sonerization catalyst to convert at |east a portion of the 1-butene to

2- but ene;wandiigamnt7act i ng et hyl ene and at | east a porti orCofustéie/ 0205kt ene
with a netathesis catalyst to forma netathesis product conprising

propyl ene, paraffins, any unreacted ethyl ene, and any unreacted 1-butene
and 2-hutene. 18. The .progcess aof claim 17, further conprising fractionating
the medd: AESProsgistiuf BF FRs0n e Rtk LAkl sesiaton Sl ot
fraction, gaegkt dnSA AGELOR- oxi, AR LRERS Str&ftiugd 8kide, Wariukt bide lithium
conprising recycling at least a portion of the C4 fraction to the

fract i ona¢xideg aadispmbowtienothesspf.eam 20. The process of claim 17, further

conpri si,ng, recycl i at ast a rtion of .the ethyle r i.0 Q. .t he
rxbd DAaTpEERFEr I EXerBn B bRl Ye ShehtrRafon SR CRA !
mai nt ai ni pggesfumh beidef ethylene to n-butene fed to the fixed bed reactor in

a range fromabout 0.5 to _about 2.5. 22. The process of claim2l, wherein

t he ratlPoThs peachsy eheaiy 18, Biliewit theeeffqesivadiqnaeier ofjthg catadyst Thén Hieo@ees of
claim17, erej j s.catalyst is adm xed with the isonerization
cat al yst .fr _ab$h£0.%?§82§é@%€§g Igllmr'n 17, wherein the fixed bed reactor

conpr i 946sThe podessfof them metvaididaitlse eadlpdtysin thatbrm dfedablet b éxsmdetel zat i on
catal yst. WD 2011/011173PCI/ US2010/ 040528 25. The process of claim 17,

wher ei A7t APTORFEF B8 dhhRdustionhProRensy CUBRp RS es but adi ene, the process

further coMmEdcahndirdVA08RRRHHACREm! RSP AlARs Ofob NEndUbAdiERRNPT | OF

to the fractionatin e process aim1l/7, wherelin the basic netal
oxi de i soneri zato enlegatad Yisttieonpeluding adight €adtacboe cahpnagy esbummoxnde,
cal ci um oxi de, , st rgﬂtéum oxi de,. .bari.um oxi ddi hi um oxi de, and

, | ]
conbi nat i ons t REVE S frastion seraptising phutenes pRdpaifins. yherein the basic netal
oxi de i sonerigiid @hytdleahis theC QBN 6 SrdPROAAST 4MxRY | K. redbtor LoMpPkRgess of

claim17, wherein the structure sfabilizing agent conprises at [east one of
el ements Si, Amgtagresis\patalgyt amk anYacqiveited olpesion ateita nexifdé dsapdrization catalyst
comprising a structure stabilizing agent,
contacting the heavy C, fraction with the activated basic metal oxide isomerization
catalyst to convert at least a portion of the 1-butene to 2-butene; and
contacting ethylene and at least a portion of the 2-butene with a metathesis catalyst to
form a metathesis product comprising propylene, paraffins, any unreacted
ethylene, and any unreacted 1-butene and 2-butene.
18. The process of claim 17, further comprising fractionating the metathesis product to
recover an ethylene fraction, a propylene fraction, and a C4 fraction.
19. The process of claim 17, further comprising recycling at least a portion of the C,4 fraction
to the fractionating a hydrocarbon stream.
20. The process of claim 17, further comprising recycling at least a portion of the ethylene
fraction to the fixed bed reactor.
21. The process of claim 17, further comprising maintaining a ratio of ethylene to n-butene
fed to the fixed bed reactor in a range from about 0.5 to about 2.5.
22. The process of claim 21, wherein the ratio of ethylene to n-butene fed is at least 1.0.
23. The process of claim 17, wherein the metathesis catalyst is admixed with the
isomerization catalyst.
24. The process of claim 17, wherein the fixed bed reactor comprises a bed of the metathesis

catalyst and a bed of the isomerization catalyst.
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29. The process of claim 17, wherein the catal yst conprises 0.04 weight%to

40 wei ght % of the structure stabilizing agent. 30. The process of claim17,

wher ei n twe 28twaict7are stabilizing agent is in the form eCTashinoers2s

conprising at |east one of silica, alum na, and natural clay. 31. The

process of claim 17, wherein the catalyst has an effective dianeter in the
bout 0. bout ,5.0 mm .32. The cess of. clai

range from a mm t o r .17,
Wherei 5 S BRekS AL e BRRE iR oy FRESE B s AN o, 5
nm t o abogt poceséMarthds copREAE BFErokehatinBent REREN pbitRn &f thebaRMleBBSrior to
conprising: fractionating a hydiocarbon stream conpri sing n-butenes,

i sobut enethedradtipeatiagf i ns into at |least two fractions including a light C4

fracti ri sing isobutene and a, heav fracti on conpr.isi.ng n-but enes
and parhs FRBoRsat et hyeneh Tdbefentialdy A e Bty Prfiuhth eq
reactor cQnpdst $hoof aagRtaihesKide, calcRiny SkideNshragiuhyvetied hdisintoxas,aithxi de
i sonerization catal yst wherein the isonerization catalyst has an effective

di anet er Qddesad compmatipr theohm and does not contain a stabilizing agent;
Cooner FIaribARCARIL, 7 3ahan (b8P GHgEN FiPARO R Sy cohiESy

2- but ene; magksivondadei ng the ethyl ene and at | east a portion of the
2-butene with a netathesis catal %/st to forma netathesis product conprising
pr opy| helhgpiogsssioh slamnly/, yheear thestaeys galilizngqeamcommrisactdeast optPkne

and 2- bmﬁ@rﬁentg’éi, Ac}l'hgr Mﬁ)’(‘{%%’o{r afdl %Iﬁbﬁgvoﬁs%%lggﬁ conprising fractionating

the netathesis product’ tc récover an et ene fraction, a propyl ene

fracti @a, TlanproaesSdht fctamt i 70 wheredDti0chial gkt ThnPREER WLUSL 02 h(P4Qb 28 8&ghtThef
process o%\ claim 343 . further conprising recycling at | east a portion of the
C4 fract i STHCHIESNILARS 8878 ng a hydrocarbon stream 36. The process of

1(‘:|r :i(:{ni gﬁ "{lg Ijﬁ)g@s][s iogg{jgﬁ%ie}zi’ ?%g{:e?rg?h-%lsitrﬁgtu?é sthisifiShg AgBRNE IrOfhe Pbrnt BEa Blda¥t ene
comprising at least one of silica, alumina, and natural clay.
31. The process of claim 17, wherein the catalyst has an effective diameter in the range from
about 0.25 mm to about 5.0 mm.
32. The process of claim 17, wherein the catalyst has an effective diameter in the range from
about 0.5 mm to about 3.2 mm.
33. A process for the production of propylene, comprising:
fractionating a hydrocarbon stream comprising n-butenes, isobutene, and paraffins
into at least two fractions including a light C4 fraction comprising isobutene and a
heavy C4 fraction comprising n-butenes and paraffins;
feeding ethylene and the heavy C4 fraction to a fixed bed reactor comprising a
metathesis catalyst and activated basic metal oxide isomerization catalyst wherein
the isomerization catalyst has an effective diameter between 0.25 and 4.0 mm and
does not contain a stabilizing agent;
contacting the heavy C4 fraction with the activated basic metal oxide isomerization
catalyst to convert at least a portion of the 1-butene to 2-butene; and
contacting the ethylene and at least a portion of the 2-butene with a metathesis
catalyst to form a metathesis product comprising propyleﬁe, paraffins, any
unreacted ethylene, and any unreacted 1-butene and 2-butene.
34. The process of claim 33, further comprising fractionating the metathesis product to

recover an ethylene fraction, a propylene fraction, and a C,4 fraction.
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37. The process of claim33, further conprising maintaining a ratio of
ethylene to n-butene fed to the fixed bed reactor in a range from about 0.5
to about ®W02011381173he process of claim 37, wherein the rpatrius2@b/oeishyl ene to
n-butene fed is at least 1.0. 39. The process of claim33, wherein the

met at hesis catalyst is adm xed with the isonerization catalyst. 40. The

process_of, cl ai m 33, wherei.n the fixed bed reactor conprises, a bed of the
et at hasi EOERDSY o Clain 45 BUAeBCOPRES S Hr A 1677 APt g Es Tppon
process of; tfd BhMo3din By GbParbiesthsglf ocar bon stream further conprises
but adi ene, the process further conprising hydrogenating at |east a portion
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isomerization catalyst.
40. The process of claim 33, wherein the fixed bed reactor comprises a bed of the metathesis
catalyst and a bed of the isomerization catalyst.
41. The process of claim 33, wherein the hydrocarbon stream further comprises butadiene,
the process further comprising hydrogenating at least a portion of the butadiene prior to
the fractionating.
42. The process of claim 33, wherein the basic metal oxide isomerization catalyst comprises
at least one of magnesium oxide, calcium oxide, strontium oxide, barium oxide, lithium
oxide, and combinations thereof.
43. The process of claim 33, wherein the basic metal oxide isomerization catalyst comprises
magnesium oxide.
44. The process of claim 33, wherein the catalyst has an effective diameter in the range from
about 1.0 mm to about 3.5 mm.
45. The process of claim 33, wherein the catalyst has an effective diameter in the range from

about 1.5 mm to about 3.2 mm.

46. The process of claim 33 wherein the catalyst is in the form of a tablet or extrudate.
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