1 SPECIFICATION PROCESS FOR PRODUCING OLEFINS FIELD OF THE INVENTION 5The
present invention relates to an olefin production process capable of efficiently converting starting
olefins into other kinds of olefins by metathesis reaction in the presence of hydrogen gas. 10
BACKGROUND OF THE INVENTION Naphtha cracking produces various hydrocarbon
compounds such as ethylene, propylene and butene, and the production percentages of these olefins
are inevitably fixed. The proportions in which these olefins are produced are not always 15 in
agreement with the olefin demands. It is thereforIoecessary that the olefins from the naphtha cracking
are converted to meet the demands. Metathesis reaction is used for the conversion of olefins. In the
metathesis reaction, olefins oftthesane ordifferenbkinds@rereactrd with each other to yield olefins
20 having different structures. The reaction is of high importance because it is capable of converting
the olefins from the naphtha cracking in response to changes in olefin demands. In 1931, it was
found that the olefin metathesis reaction proceeded at a high temperature of 725C without catalysts.

FIELD CF THE INVENTION

5 The present invention relates te an clefin production
prdcess capable of efficiently converting starting olefins into
other kinds of olefins by metatheslis reaction in the presence

of hydrogen gas.

10 BACKGROUND OF THE INVENTION
Naphtha cracking produces various hydrocarbon compounds
such as ethylene, propylene and butene, and the production
percentages of these olefins are inevitably fixed. The
proportions in which these olefins are produced are not always
15 in agreement with the olefin demands. It is therefore necessary
that the olefins from the naphtha cracking are converted to meet
the demands. Metathesis reaction is used for the conversion of
olefins. In the metathesis reaction, olefins of the same or
different kinds are reacted with each other to yield olefins
20 having different structures. The reaction is of high importance
because 1t is capable of converting the olefins from the naphtha
cracking in response to changes in clefin demands.
In 1831, it was found that the colefin metathesis reactiocn

proceeded at a high temperature of 725°C without catalysts.



2 However, it was not until the development of a catalyst having an oxide of metal such as
molybdenum, tungsten or rhenium supported on a large-surface area carrier that the industrial value of
the metathesis reaction was acknowledged. The first 5 metathesis reaction with such catalysts was
developed by Phillips Petroleum Company in 1964 wherein ethylene and 2-butene were synthesized
from propylene under catalysis of molybdenum oxigde supported on y-alumina. The metathesis reaction
is reversible, and thus there 10 exists an equilibrium composition. For example, in the metathesis

reaction gheiylene and,2-butene into-propyirneidhe equiibHum-shifis sueh that-mose prepylene is

produced at lower temperatures. Studies have been then carried out to lower the reaction temperature

by improying.satalystss Rhillips 15 Retfolesn, Company develoned-a methad whersing catalyst

comprising tungsten oxide supported on silica, and co-catalyst magnesium oxide are used in

combinatiop,cEhis suehpcihasheen-esiablished.as a propviene prodction progess by Lymmus

Global, Inc. 20In particular, U.S. Patent No. 4,575,575 (Patent Document 1) and Journal of Molecular

Catalysis, V0l 28,p.117 (1985) (Nan-Patent Dooument.1) repart that yhen a metathesis reaction

between ethylene and 2-butene is carried out at 330C in the presence ¢f silica-supported tungsten

oxide as,g.catalyst, fe QBQ‘féﬁiOQP{Q%@&iSé’Q{Va% %, while whenypagpesium oxide is used in

combination as a co-catalyst, the conversion is enhanced to 67%.

Phillips Petroleum Company in 1964 wherein ethylene and 2-butene
were synthesized from propylene under catalysis of molybdenum
oxide supported on y-alumina.

The metathesis reaction is reversible, and thus there

10 exists an eguilibrium composition. For example, in the
metathesis reaction of ethylene and 2-butene into propylene,
the equilibrium shifts such that more propylene is produced at
lower temperatures. Studies have been then carried out to lower
the reaction temperature by improving catalysts. Phillips

15 Petroleum Company developed a method wherein a catalyst
comprising tungsten oxide supported on silica, and co-catalyst
magnesium oxide are used in combination. This method has been
established as a propylene production process by Lummus Global,
Inc.

20 In particular, U.S. Patent No. 4,575,575 (Patent Document
1) and Journal of Molecular Catalysis, Vol. 28, p. 117 (1985)
(Non—-Patent Document 1) report that when a metathesis reaction
between ethylene and 2-butene is carried out at 330°C in the

presence of silica-supported tungsten oxide as a catalyst, the



Moreover, U.S. Patent No. 4,754,098 (Patent Document 2) 5 reports that in the same metathesis
reaction at 330C, the use of a co-catalyst in which magnesium oxide is supported on y-alumina
increases the conversion of butene to 75%. It is also reported in U.S. Patent No. 4,684,760 (Patent
Document 3) that when a co-catalyst comprising magnesium oxide and lithium 10 hydroxide supported
on y-alumina is used, the butene conversion is maitained at 74% even at a lower temperature of
270C. However, the reaction temperatures described in the above documents (for example, 270C
in Patentbacwment3) are il higlh cossidarng Bieiprastical indusstaliprocess] anddharg=15 are
needed facilities such as heating furnaces in order to achieve such reaction temperatures, for example
270C. Thereagtian temperature-in 1be metathesisreactianyshquld e therefeteslowered to a level that
is more simply achievable by steam heating, for example, approximately 200C. 20To solve this
problem cthe presentiapplicant has already found that a silica-supported tungsten oxide catalyst in
combination with a co-catalyst that is magnesium oxide or a system in which sodium hydroxide is
supported on y-glypina.achieve a drastically improvedcatalytie activibeinthgodpresence) of a small
amount of hydrogen in the reaction (Patent Document 4). According to this method, the reaction

temperatuse is lowered and propylens.can be produced with muchhhighes selectivity. Morgover,

provided that the reaction temperature

of a co-catalyst in which magnesium oxide is supported on
y-alumina increases the conversion of butene to 75%. It is also
reported in U.S. Patent No. 4,684,760 (Patent Document 3) that
when a co-catalyst comprising magnesium oxide and lithium
10  hydroxide supported on y-alumina is used, the butene conversion
is maintained at 74% even at a lower temperature of 270°C.
However, the reaction temperatures described in the above
documents {(for example, 270°C in Patent Document 3) are still

high considering the practical industrial process, and there

[t
tn

are needed facilities such as heating furnaces in order to
achieve such reaction temperatures, for example 270°C. The
reaction temperature in the metathesis reaction should be
therefore lowered to a level that is more simply achievable by
steam heating, for example, approximately 200°C.

20 To solve this problem, the present applicant has already
found that a silica-supported tungsten oxide catalyst in
combination with a co-catalyst that is magnesium oxide or a
system in which sodium hydroxide is supported on y-alumina

achieve a drastically improved catalytic activity in the



5 is constant, propylene can be stably produced for a longer time of period. However, the above
method requires the presence of hydrogen, although the amount thereof is small. The hydrogen
undergoes undesired reactions with ethylene or propylene, 10 resulting in by-production of ethane or
propane. Propane that is by-produced in the above reaction reduces the purity of propylene
produced. The by-production of ethane causes progess problems, i.e., when unreacted ethylene is
recycled into the reactor, the ethane is concentrated and 15 accumulated in the system.

JP-B-54& 16482 (Ratent Dogtimentploant JBB 159443532 (RatentDesument6) deseribe-that
hydrogen is used in the metathesis reaction in the presence of a catalyst in which molybdenum oxide

and rheniiyn@xidears supperted an-aluming, 20 khease-patentidecurpents de sebaddress the
formation of by-products by hydrogenation, and are silent on superficial velocity. [Patent Document 1]

U.S. Patenrt No,. /&5 £%543 fPatent DpeHment 2] U.S. PatentNe: 4,794,088 5 [RatgntPocument 3]
U.S. Patent No. 4,684,760

selectivity. Moreover, provided that the reaction temperature
5 1s constant, propylene can be stably produced for a longer time
of period.

However, the above method regulres the presence of
hydrogen, although the amount therecf is small. The hydrogen
undergoes undesired reactions with ethylene or propylene,

10  resulting in by-production of ethane or propane.

Propane that is by-preoduced in the above reaction reduces
the purity of propylene produced. The by-production of ethane
causes process problems, i.e., when unreacted ethylene is
recycled into the reactor, the ethane is concentrated and

15 accumulated in the system.

JP-B-548-16482 (Patent Document 5 and JP-B-S§57-13532
{Patent Document 6) describe that hydrogen is used in the
metathesis reaction in the presence of a catalyst in which
molybdenum oxide and rhenium oxide are supported on alumina.

20 These patent documents do not address the formation of
by-products by hydrogenation, and are silent on superficial
velocity.

[Patent Dccument 1] U.E8. Patent No. 4,575,575

[Patent Document 2] U.S. Patent No. 4,754,098



[Patent Document 4] WO 2006/093058 [Patent Document 5] JP-B-S48-16482 [Patent Document 6]
JP-B-S57-13532 [Non-Patent Document 1] Journal of Molecular Catalysis, Vol. 28, P. 117 (1985)
SUMMARY OF THE INVENTION It is an object of the present invention to provide a 10
metathesis reaction process for efficiently producing olefins in the presence of hydrogen gas while
suppressing the by-production of paraffins. In asprocess for roducing olefins by a metathesis
reaction comprising feeding an olefin gas to pass the olefin through a 15 catalyst bed in the presence
of hydrogen gas to}carivert-thecelefir into anothey kinkefelefimdhe catalyst-bed comprising a catalyst
including at least one metal selected from the group consisting of tungsten, molybdenum, rhenium,

niobium, tantalum apd vvanadisa;.akaea corcatalystinelpdmgos pasic compound having 20 at least one
metal selected from the group consisting of Group la (alkali metals), Group I'M (alkaline earth metals),

Group llb and Group Ma 6t the-periedic table, thedmpravement.comprises controlling the superficial
velocity of the gas paseing through the catalyst bed to 0.01 to 2.0 m/sec. 6 In the general

metathesis reactionpthe-supesficialvelocity. threugh a eatalyst bed is usually about 0.001 m/sec to
ensure a sufficient contact time with the catalyst. It has been found, however, that at such a low

velociy, the olefins yon-patent Document 1} Journal of Molecular Catalysis,

Vol. 28, p. 117 (1985}

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
10 metathesis reaction process for efficiently producing olefins
in the presence of hydrogen gas while suppressing the
by-production of paraffins.
In aprocess for preoducing olefins by ametathesis reaction
comprising feeding an olefin gas to pass the olefin through a
15 catalyst bed in the presence of hydrogen gas to convert the olefin
into another kind of colefin, the catalyst bed comprising a
catalyst including at least one metal selected from the group
consisting of tungsten, molybdenum, rhenium, nicbium, tantalum
and vanadium, and a co~-catalyst including a basic compound having
20 at least one metal selected from the group consisting of Group
Ia (alkali metals), Group IIa (alkaline earth metals), Group
ITb and Group Illa of the periodic table, the improvement
comprises controlling the superficial velocity of the gas

passing through the catalyst bed to 0.01 to 2.0 m/sec.



5 react with the hydrogen gas under the catalysis of the catalyst to yield paraffins. The present
inventors have found that the conversion of olefins by the metathesis reaction does not require a long
contact time with the catalyst. Inthepresentinvention, the gas is passed through the catalyst bed at a
very high 10superficial velocity in the range of 0.01 to 2.0 m/sec. By bringing the olefins into contact
with the catalyst in this manner, target olefins are pr@duced efficiently while suppressing the formation
of by-products such as paraffins. In detail, in the metathesis reaction of ethylene and 2-butene, 15
controlling the supetficiakvelecitref thegas thresgh the satalyst bedtat 0@ ta-Z Oahisec enables
efficient formation of the target propylene and reduces the amount of by-produced paraffins such as
ethane andpropane; 2ADMANEAGES:OF FTHEMVENTION= 1 1 yAetasdingttotthe atefineproduction
process of the present invention, the gas is passed at a high superficial velocity, and therefore the
starting olefins:and hydsogert gas aee in contaswith the metathesisreactioneatalyst forashort time. 7
The contact time is such that the olefins are converted into other kinds of olefins but the hydrogenation

of the olefinsds: stippresseato-wbus,the tingdesied dororation ef.paraffins:ia fhe reaction-isprevented. 5
BRIEF DESCRIPTION OF THE DRAWING Fig. 1 is a graph showing the relationship between the

supedicialvedetityindthe-reactotianrdythe amount @f hydregen eanspmeddn the doppatian, of paraffins,
according to Examples
to yield paraffins. The present inventors have found that the
conversion of clefins by the metathesis reaction does not require
a long contact time with the catalyst. 1In the present invention,
the gas is passed through the catalyst bed at a very high
10 superficial velocity in the range of 0.0l tec 2.0 m/sec. By
bringing the olefins into contact with the catalyst in this
manner, target olefins are produced efficiently while
suppressing the formation of by-products such as paraffins. In
detail, in the metathesis reaction of ethylene and 2-butene,
15 controlling the superficial velocity of the gas through the
catalyst bed at 0.01 to 2.0 m/sec enables efficient formation

of the target propylene and reduces the amount of by-produced

paraffins such as ethane and propane.

20 ADVANTAGES OF THE INVENTION
According to the olefin production process of the present
invention, the gas is passed at a high superficial velocity,
and therefore the starting olefins and hydrogen gas are in

contact with the metathesis reaction catalyst for a short time.



10 1 and 2 and Comparative Examples 3 and 5. BEST MODE FOR CARRYING OUT THE
INVENTION The production of olefins by the metathesis reaction according to the present
invention will be described in detail. 15 In the process for producing olefins by the metathesis reaction
in the present invention, a catalyst and a co-catalyst are used in combination. The catalyst used in
the invention contains at least one metal selected from tungsten, molybdenum, rhenium, niobium, 20
tantalum and vanadium, Of these, tungsten, molybdenum and rhenium provide relatively high catalytic
activity. InPatticutar; the catalyst having thngsteh showsdhigherractizity: conThe metallia tatalyst may
be an oxide, sulfide or hydroxide of the metal, These maybe used singly or two or more kinds may 8
be used incodmbinationsThé meétal compound-may-hei suppartediamacarties The metathesis reaction
catalyzed by the above catalyst is preferably a fixed-bed flow reaction. In the fixed-bed flow reaction,
the catalystig prefesably anoxide the undesired formation of paraffins in the

reaction is prevented.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a graph showing the relationship between the
superficial velocity in the reactor and the amount of hydrogen
consumed in the formation of parafifins, according to Examples

10 1 and 2 and Comparative Examples 3 and 5.

BEST MODE FOR CARRYING OUT THE_INVENTION
The production of clefins by the metathesis reactiocn
according tc the present invention will be described in detail.
15 In the process for producing clefins by the metathesis
reaction in the present inventicn, a catalyst and a co-catalyst
are used in combination.
The catalyst used in the invention contains at least one
metal selected from tungsten, molybdenum, rhenium, nicbium,
20 tantalum and wvanadium. £ these, tungsten, molybdenum and
rhenium provide relatively high catalytic activity. In
particuliar, the catalyst having tungsten shows higher activity.
The metallic catalyst maybe an oxide, sulfide or hydroxide

of the metal. These may be used singly or twoe or more kinds may



5 of themetalbecause the deactivated catalyst may be regenerated by calcination. The carrier for
the catalyst preferably has a large surface area, usually not less than 10 m2/g. The carrier is
preferably a non-acidic compound because an acidic carrier induces 10 oligomerizanion of olefins.
Examples of the carriers include silica, y-alumina and titania, with silica being preferable because of
large surface area. In the use of silica as the carrieg, the amount of the metal supported in terms of
oxide is preferably in the range 15 of 0.01 to SO wt%, and more preferably in the range of 0.1 to 20
wt% relatiee e e tarreimb inaThemetal sempouad (catatystinmay:he s pponted:arethesearrier by
various methods. An exemplary method in the case of nitrate or hydroxide of the metal, or tungsten,

molybdeaum=ar 20=rheniumds gesetibed; /A pelyaeid Dsandsapalyaeid of the:metalisompound or metal,
or an ammonium salt of the polyacid, or an ammonium salt of the isopolyacid is used as a starting

material.cEhesstading materiat isf9pned dnte arcanuesys sobiion:and the carrier is seaked therein.
The solution is then evaporated 9 to dryness, and the residue is calcined at a temperature of 300C or

higher inan.eygenatmosphetes o « 1 s thercarderusederein, g.coramgrcially-available-carrier may
be used without modification. Use is also possible 50f a carrier that is obtained by reacting a salt of a
5 of the metal because the deactivated catalyst may be regenerated
by calcination.

The carrier for the catalyst preferably has a large surface
area, usually not less than 10 m*/g. The carrier is preferably
a non-acidic compound because an acidic carrier induces

10 oligomerization of olefins.

Examples of the carriers include silica, y-alumina and
titania, with silica being preferable because of large surface
area. In the use of silica as the carrier, the amount of the
metal supported in terms of oxide is preferably in the range

15 of 0.01 to 50 wt%, and more preferably in the range of 0.1 to
20 wt% relative to the carrier.

The metal compound (catalyst) may be supported on the
carrier by various methods. An egemplary methed in the case of
nitrate or hydroxide of the metal, or tungsten, molybdenum or

20 rhenium is described: A polyacid or an isopolyacid of the metal
compound or metal, or an ammonium salt of the polyacid, or an
ammonium salt of the isopolvacid is used as a starting material.
The starting material is formed into an aguecus sclution, and

the carrier is scaked therein. The solution is then evaporated



corresponding metal with a base and calcining the resulting hydroxide into an oxide. When the
carrier is prepared from a corresponding metal salt, a coprecipitat on method may be used in which a
metal salt 10 which will form the catalyst is added together with the metal salt for the carrier and the
synthesis of the carrier and the supporting of the metal compound catalyst are simultaneously carried
out. The carrier is generally formed into various shgpes such 15 as spherical shapes, cylindrical
shapes, extruded shapes and crushed shapes. The size of the shaped particles is not limited as long

as the paticles,eanfil] ametathesisseatter ;and is ganerally-inthe range-ef 0140 300 fam. In the
present invention, the above catalyst is used in 20 combination with a co-catalyst. Examples of the

co-catalysts ysed iy theinyention,inslude sapmenads of metal elements belonging to Group ia (alkali
metals), Group ha (alkaline earth metals), Group Ilb and Group llla of the periodic table. These

compounds mayzRe wsed singhy Qr-two-f merekdnds, may henwsed: 101in womhinatiom Of the metals in
the Groups of the periodic table, lithium, sodium, potassium, cesium, magnesium, calcium, strontium,

barium, zipe and ytiriumare preferred:U.S: RalgntiNes,4,575,57% 4,754,098.And 4,684,260 (to 5

Phillips Petroleum Company) describe that magnesium oxide is essentially used as a co-catalyst. In

the presept igventiop; magnesium oxids.is nathegessadly esseptial anchmay peseplaced by or may
be used in combination with compounds of metals such as lithium, sodium and potassium in view of
aﬂawﬂcégggg%ponding metal with a base and calcining the resulting
hydroxide into an oxide.
When the carrier is prepared from a corresponding metal
salt, a coprecipitation method may be used in which a metal salt
10 which will form the catalyst is added together with the metall
salt for the carrier and the synthesis of the carrier and the
supporting of the metal compound catalyst are simultaneously
carried out.
The carrier is generally formed into various shapes such
15 as spherical shapes, cylindrical shapes, extruded shapes and
crushed shapes. The size of the shaped particles is not limited
aé long as the particles can fill a metathesis reactor, and is
generally in the range of 0.01 to 100 mm.
In the present invention, the above catalyst is used in
20 combination with a co-catalyst. Examples of the co-catalysts
used in the invention include compounads of metal elements
belonging to Group Ia (alkall metals), Group ITa (alkaline earth

metals), Group Ilb and Group IIIa of the periodic table. These

compounds may be used singly or two or more kinds may be used



10 for the metathesis reaction. These compounds may be used singly or two or more kinds may be
used in combination. The co-catalyst may be in a solid state such as oxide, hydroxide, nitrate or
acetate. Such metal compounds may further contain other metals. Examples of such co-catalysts with
other 15 metals include hydrotalcite that is a layered double hydroxide of aluminumandmagnesium,
anda solid solution of aluminum oxide and magnesigm oxide obtained by calcining the hydrotalcite.
The oxides, mixed oxides, hydroxides, double hydroxides, nitrates and acetates of the metals may be

supported:pRGRIiershaving 282 largerintace areanihecarraerfor theqoscatglystis praferably a
compound that does not show acidity even after the co-catalyst is supported thereon, because an

acidic cafrigrmay, indyce:qligomerizatian oholefins; 1l nRrelerted examples of the carriers for the

co-catalysts include y-alumina zirconia and titania. They may be used singly or two or more kinds may

be used in.gombingpion;,Lhe sprface area.ofhe carigrs preferablynot less than 10 m2/g.  Inthe

present invention, magnesium oxide may be used as a carrier or the co-catalyst because of its large

surface area. Usg is,also passiblg 9f magnesiury pxide and theahoueesriped metal pxides in

combination. In particular, the combination of y-alumina ‘and magnesium oxide is preferable because

of high 19,chemical stabilty,of ycallmina, 4 compesiie, gxde of alypinum and,magngsium.is also
usable. I the Use of the co-catacfy tsu%porte on the carrier, the amount of the co-ca%alyst metal
in terms 8%05)893?’ rel?ﬂ\{fe Lo {t%ré-:‘ carrier Cljsog_%réeﬁrgﬂgllsnttpe tange, of 0.01 to 5% wWit%, and.,

Cia he Dresent 1nvention,
magnesiumoxide is not necessarily essential and may be replaced
by or may be used in combination with compounds of metals such
as lithium, sodium and potassium in view of catalytic activity

18 for the metathesis reaction. These compounds may be used singly
or two or more kinds may be used in combination.

The co=-catalyst may be in a solid state such as oxide,
hydrcxide, nitrate or acetate. Suchmetal compounds may further
contain other metals. Examples of such co-catalysts with other

15  metals include hydrotalcite that is a layered double hydroxide
of aluminum and magnesium, and a solid sclution of aluminum oxide
and magnesium oxide obtained by calcining the hydrotalcite. The
oxldes, mixed oxides, hydroxides, double hydroxides, nitrates
and acetates of the metals may be supported on carriers having

20 a large surface area.

The carrier for the co-catalyst is preferably a compound
that does not show aclidity even after the co-catalyst is
supported thereon, because an acidic carrier may induce

cligomerization of olefins.



15 is preferably in the range of 0.1 to 20 wt%. As the carrier for the co-catalyst, a commercially
available carrier maybe used without modification. Use is also possible of a carrier that is obtained by
reacting a salt of a corresponding metal with a base by a known method and calcining 20 the resulting
hydroxide into an oxide. Of the metal compounds as the co-catalysts, for example the oxides may
be supported on the carrier by known methods. In-afn exemplary method, a nitrate or hydroxide of the
metal is formed into an aqueous solution or suspension, and the carrier 12 is soaked therein. The

solution or suspensigieistBen €yaperated 4@ deyness zand thesresidue: iscCaleined a4 atemperature of
300C or higher in an air atmosphere. When the carrier is prepared from a corresponding metal 5 salt,

a coprecipitation methad, may:-beused p which-a:metalsalt which.will formethes eercatalyst is added

together with the metal salt for the carrier and the synthesis of the carrier and the supporting of the

metal compoupd co-catalyst arssimulianegusly-cafrigd,oul,A8THe shapes afifhe £o:catalyst and the
carrier for the co-catalyst are not particularly limited. These are generally formed into various shapes

such as sphericakshapes, cylindrical shapess exuded shapesand eushed shapes. The size of the
shaped patrticles is not limited as long as the particles can
5 In the present invention, magnesium oxide may be used as
a carrier for the co~catalyst because of its large surface area.
Use is also possible of magnesium oxide and the above~described
metal oxides in combination. In particular, the combination of
y-alumina and magnesium oxide is preferable because of high
10  chemical stability of y-alumina. A composite oxide of aluminum
and magnesium is alsc usable.

In the use of the co~catalyst supperted on the carrier,
the amount of the co-catalyst metal in terms cof oxide relative
to the carrier is generally in the range of 0.01 to 50 wt%, and

15 is preferably in the range of 0.1 to 20 wt%.

As the carrier for the co-catalyst, a commercially
available carrier may be used without modification. Use is also
possible of & carrier that is obtained by reacting a salt of
a corresponding metal with a base by a known method and calcining

20 the resulting hydroxide intc an oxide.

Of the metal compcocunds as the co-catalysts, for example

the oxides may be supported con the carrier by known methcods.

In an exemplary method, a nitrate or hydroxide of the metal 1is

formed into an agueous solution or suspension, and the carrier



15 fill a metathesis reactor, and is generally in the range of 0.01 to 100 mm. In the present
invention, the metathesis reaction may be catalyzed by a catalyst system in which the metathesis
reaction catalyst (metal (s) selected from tungsten, molybdenum, rhenium, 20 niobium, tantalum and
vanadium) and the co-catalyst (metal(s) selected from Group la (alkali metals), Group ha (alkaline
earth metals), Group lib and Group llia of the perioglic table) are supported on the carrier together. 13
In the metathesis reaction, the amount of the co-catalyst relative to the catalyst (co-catalyst/catalyst

weight ratio) issgeneraliyfrem 0] to 20.When the satiais belowthe range; the-hygrogen gas that is
added in a small amount in the metathesis 5 reaction will not produce sufficient effects. When the ratio

exceedsdha range; the amoyntgtthe cafalystisdoa-smalkrelative to,thestotal of the.catalyst and the

co-catalyst, and the catalytic activity is noticeably reduced. The activity of the metathesis catalyst is

drastically}Q.decreased By maistere gontaingdJp the, catalyst,carban digxide, carbon monoxide,

diene compounds, mercapto compounds, alcohols and carboxylic compounds. Accordingly, the olefins

used as the starypdnalsyials.prafeiably should el canian.such compoogBidstimenial fo the

catalytic activity. Such impurities are 15 preferably removed by sufficiently puritying the starting olefins

o distilafion. adsoupgion, exfracten or wastng Relve coniagtih leymetatesis, reaction catast

Excessive purification a osts, and therefore the purification of the starting olefins is preferably

performed 0.0 saqsty-hoth e agtity sustainabilly of the metathess, catalystand the gqsts for the
purification of the raw materials, ther materials such as nitrogen gas and hydrogen gas that are

introduced, info he reagtor are preferably aS U ASROSS® o the carrier and the

Supporting oftjmametal compound co-catalyst are simultaneously
carried out.

10 The shapes of the co-catalyst and the carrier for the
cofcatalyst are not particularly lLimited. These are generally
formed into various shapes such as spherical shapes, cylindrical
shapes, extruded shapes and crushed shapes. The size of the
shaped particles is not limited as long as the particles can

15 fill a metathesis reactor, and is generally in the range of 0.01
to 100 mm.

In the present invention, the metathesis reaction may be
catalyzed by a catalyst system in which the metathesis reaction
catalyst (metal(s) selected from tungsten, molybdenum, rhenium,

20 niobium, tanﬁalum and vanadium} and the co-catalyst {metal (s)
selected from Group Ia (alkalimetals), Group IIa {(alkaline earth

metals), Group IIb and Group IIXa of the periodic table) are

supported on the carrier together.



14 The catalyst and the co-catalyst are generally placed in a cylindrical reactor. The upper and
lower end portions of the reactor are filled with a-alumina balls or the like to hold the catalyst and the
co-catalyst in the middle of the reactor. 5It is often the case that the catalyst and the co-catalyst placed
in the reactor contain a very small amount of water. Such water drastically reduces the catalytic activity
in the metathesis reaction, and is therefore preferably removed before the starting olefins are fed. For
example, the catalyst and the 10 co-catalyst placed in the reactor may be exposed to the passage of

an inert gas suchras heliuncnitragen.argon.arxenonthat is-nepted tp 3ACor above,for at least 10

minutes, whereby the moisture adsorbed to the catalyst, the co-catalyst, the carriers, and the

a-aluminaballs is,removed, 15The fioydng %@%&%%@@?k%‘?g%e@%%@%% by reducing

treatment to activate the catalyst by passing a heated reducing gas. reducing gases used herein

include catba monexide andifiydrodeg. The 1eicinagas s generaliyisaled D gt gss than 300C

and is passed for at least 10 minutes. 20 In the production of olefins by the metathesis teaction in the

e e e e e T ST e T
such residual nydragn gas dges ot substantially reduce the reaction yigld in the metathesis reaction.
exceeds the range, the amount of the catalyst 1s too small
relative fo the total of the catalyst and the co-catalyst, and
the catalytic activity is noticeably reduced.
The activity of the metathesis catalyst is drastically
10 decreased by moisture contained in the catalyst, carbon dioxide,
carbon monoxide, diene compounds, mercapto compounds, alcohols
and carboxylic compounds. Accordingly, the olefins used as the
startingmaterials preferably shouldnot contain such components
detrimental to the catalytic activity. Such impurities are
15  preferably removed by sufficiently purifying the starting
clefins by distillation, adsorption, extraction or washing
before contact with the metathesis reaction catalyst.
Excessive purification adds costs, and therefore the
purification of the starting olefins is preferably performed
20  to satisfy both the activity sustainability of the metathesis
catalyst and the costs for the purification of the rawmaterials.
Othermaterials such as nitrogen gas and hydrogen gas that

are introduced into the reactor are preferably as pure as

pecssible.



In the present invention, olefins are brought into contact with the metathesis catalyst and co-catalyst
that are 5 pre-treated as described above, whereby the olefins are converted into other kinds of
olefins. The starting olefins used in the metathesis reaction may be the same or different
compounds from each other. In the olefin production by the metathesis reaction in the invention, a
mixture 10 of olefins from the naphtha cracking may,be used. The olefins used in the metathesis
reaction in the invention are lower olefins. Examples of the olefins include ethylene, propylene,

1-butene, 2-buteng.2-pentene 2:hexeneALpetbyl-2rpentene and 3methyl1:butene; These may be

used 15 singly or two or more kinds may be used in combination. For example, there maybe

produced, propylene from ethylene and Zr%tejﬁs@@@ﬂ@n%@é@%%{@m@y&%ﬁ@d

2-pentene; propylene and 1-nentene from ethylene and 2-hexene; propylene and isobutene from

ethylene -methyl-2:butene; 20 and propylene and 3-methyl-1-butene from ethyl and
1@9«:%01? alyse f@iﬁag Wi oP gg%ﬁlga'})zﬁina ¥ ‘g‘]‘fe i %oxgrﬁie

4-methyl-2-pentene. Since the metathesis reaction Is rever5|b?e, selecting the reaction conditions

enables ing.the starting olefins_f e olefins,produced-in the.above exemplary reactions. 16
B§¥%§ .§S K@.é% 55€§%fgt E% gL %ﬂé@le.%% Qge gxemplaf

When two or more kinds of olefins are used in the metathesis reaction to give another olefin, the molar

rati%of the oIefinf in.the t@rtin%gaterialsi not aHticuI rly limited, When ethylene is.included in the
i t T —Car )
two or more kinds of gle?%sfat?\e amount EP éa(t)%)%enee C|:saapcr¥ejf A If/j fﬁvge%eessc %/VSF‘ th%lé{ﬁgr olefins. In

the case of the reaction of ethylene and 2-butene to produce. propylene, the molar ratig of ethylene to
n-butene’ cé)}t%ﬁ%t? jlnbg ene %%%?&?é%%%a(é“trﬁyﬁe‘ﬁ%frg-’bﬁ‘ean% %%%%%aﬁ;? 1’ ?o%ﬁ“ang \ﬂ)?gferably

about 1 to 5. When the ratio, is too small, . . .
water gras Ecéﬁfy reduces the catalytic activity in the

metathesis reaction, and is therefore preferably removed before
the starting olefins are fed. FYor example, the catalyst and the

10 co-catalyst placed in the reactor may be exposed toe the passage
of an inert gas such as helium, nitrogen, argon or xenon that
is heated to 300°C or above for at least 10 minutes, whereby
the moisture adsorbed to the catalyst, the co-catalyst, the
carriers, and the do-~zalumina balls is removed.

15 The flowing of the heated inert gas is generally followed
by reducing treatment to activate the catalyst by passing a
heated reducing gas.- The reducing gases used herein include
carbon monoxide and hydrogen. The reducing gas is generally
heated tonot less than 300°C and is passed for at least 10 minuteé.

20 In the production of clefins by the metathesis reaction in the
present invention, olefins are converted in the presence of a
small amount of hydrogen gas. Therefore, even if a small amocunt

of hydrogen used as the reducing gas remains in the metathesis



10 the reaction will preferentially take place between the butene molecules. When the ratio is too
large, large facilities and energy are required to recover unreacted ethylene. In the olefin
production by the metathesis reaction, the starting olefins maybe brought into contact with the
metathesis 15 catalyst and co-catalyst that forma fixed bed, a fluidized bed, a suspended bed or a
staged fixed bed. When a fixed-bed flow apparatus is packed with the catalysts, as described in
the Journal of Molecular Catalysis, Vol. 28, p. 117 (1985), the catalyst and the co-catalyst may 20 be

physicallygnixed andsplaced-=the epparattiscgethe coscatakyst and theneatalystmay be placed in this
order along the direction in which the material gas is passed. These packing methods may be used in

combinatieaudd +hdnitbe elefin-production hy thesmetathesis seactions the: gas is passed through the
catalyst bed at a superficial velocity of 0.01 to 2.0 m/sec. Preferably, the lower limit of the superficial

velocity is 0.014 m{sege andthe upperlinit issk.5 §1e/see,-86 dhepaigthesisteastion is-performed at
superficial velocities in this range. The superficial velocity will be explained on the basis of the

metathegjs reaction on-an industrial scalewherein,a fixgd bed {lowsreactorpesmitting easy separation
of catalysts is used 10and a plug flow is produced. The superficial velocity (Uavg) is expressed by the
fOW%NMQﬁﬁgEE@Qé%Ed as described above, whereby the olefins are
converted into other kinds of olefins.
The starting colefins used in the metathesls reaction may
be the same or different compounds fromeach other. Inthe olefin
productionkﬂfthen@tathesisreactionjjltheinvention,anﬁxture
10  of olefins from the naphtha cracking may be used.
The olefins used in the metathesis reaction in the
invention are lower olefins. Examples of the olefins include
ethylene, propylene, l-butene, 2-butene, Z-pentene, Z-hexene,
4-methyl-2-pentene and 3-methyl-~l-butene. These may be used
15  singly or two or more kinds may be used in combination.
For example, there may be produced propylene fromethylene
and Z-butene; propylene and l-butene from ethylene and
2-pentene; propylene and l-pentene from ethylene and Z-hexene;
propylene and isobutene from ethylene and Z-methyl-Z-butene;
2C and propylene and 3-methyl-l-butene from ethylene and
4-methyl-2-pentene. Since the metathesis reaction is
reversible, selecting the reaction conditions enables producing

the starting olefins from the olefins produced in the above

exemplary reactions.



Uavg (m/sec) = Fy / [n x (Di/2)2] -(1) wherein Di is an inner diameter (m) of the reactor, and Fy is a
feed rate (m3/sec) of the raw materials. 15In more detail, the superficial velocity (Uavg) refers to the
velocity of the gas (raw materials) passing through the metathesis catalyst and co-catalyst. In the
conventional metathesis reaction, the superficial velocity is low to make sure that the starting olefins
will 20 contact with the catalysts sufficiently. Therefage, the starting olefins are in contact with the
metathesis catalyst and co-catalyst for a relatively long time, When hydrogen gas is present, the

olefins are hydrogesatee duing stk longLcormtast 8itirpes Ahisds probaiiy ankepsender the formation
of paraffins to a considerable level. The olefins are converted even if the contact time between the

starting elefias ane the metathesis qatalyst aid eo-catalysid isrgreatly shortenead.Aryelonger contact
with the catalysts only invites the olefin hydrogenation forming paraffins. Based on 'this finding, the

lower limit,ofithe superficial yelpeity in thesinvention is fixed at-a vepy high:speeddevelas gompared
with the conventional art. The upper limit of the superficial 10 velocity ensures a minimum time

required for.the metathesis, raaction to.complete, i the sypedicial vglocity is, more than the.upper limit,

the contact between the starting olefins and the catalysts is insufficient and the metathesis reaction
does ”O%B{Qﬁﬁ%déﬁfé%'ﬁg)ﬂ)éne ispreferably in excess over the other clefins.

In the case of the reaction of ethylene and 2-butene to produce
propylene, the molar ratio of ethylene to n-~butene (total of
l-butene and 2-butene) (ethylene/n-butene} is generally 1 to
50, and preferably about 1 to 5. When the ratio is too small,

10 the reaction will preferentially take place between the butene
molecules. When ﬁhe ratioc is too large, large facilities and
energy are reguired to recover unreacted ethylene.

In the olefin production by the metathesis reaction, the
starting olefins may be brought into contact with the metathesis

15 catalyst and co-catalyst that forma fixed bed, a £iuidized bed,
a suspended bed or 2 staged fixed bed.

When a fixed-bed flow apparatus is packed with the
catalysts, as described in the Journal of Moclecular Catalysis,
Vol. 28, p. 117 (1985), the catalyst and the co-catalyst may

20 be physically mixed and placed in the apparatus, or the
co~catalyst and the catalyst may be placed in this order along
the direction inwhich the material gas is passed. These packing

methods may be used in combination.



15The superficial velocity is effective when the raw-material feeding rate per hour relative to the total
catalyst weight (total weight of the metathesis catalyst and co-catalyst) (WHSV: I/h) is in the range of
0.1 to 50 h-1, and preferably in the range of 0.5 to 30 h-I. If the raw-material 20 feeding rate (WHSV) is
below the lower limit, the contact time with the metathesis catalyst and co-catalyst is long, and more
paraffins are by-produced. If the WHSYV is above the upper limit, the metathesis reaction does not
proceed sufficiently. 19 In the present invention, the starting olefins are preferably fed into the

metathesis reactop withea srealk amexptiobwdsagery gase Thethydiegersgas smayibe added in an
amount of 0.05 to 10% by volume, and preferably 0.08 to 5% by volume based 5 on the total volume of

the gas (etal velwne of therstarting-elefins gas:angithechydroges, gasy By-introducing-the hydrogen

gas in such small amount, the metathesis catalysts maintain catalytic activity for a long time. If the

amount gfzhydregen is less thanthe abave.rapgerthe catalytiq agtivity) 10 may set bgamaintained. If the
amount is more than described above, separating the unreacted hydrogen increases burdens. Even

though the hudregen gas is,fed in the abgve amoyntetherg-is no,significant increase in the amount of

paraffins by-produced, and the metathesis catalysts maintain catalytic activity for 15 a long time. This

long-astipp.activity,of the Metathesis calalysts probably coprinuies lo e elleellyeqyogioss of the

metathesis reaction at the superficial velocity in the above-mentioned range. The hydrogen is
generall)(f up lied continuo S|¥ in the gas 20 state. In an embodiment of the invention, however, the
hydrogen %gagocr:ﬁzg/“gg fed' in%erfm%tterﬁat %%e the hydrogen gas may be added at the initiation of the

e oiond s SyRRlY yRe deTp IRl duing Us pciien 20d AL hedgptpried after &
of the metathesis reaction on an industrial scale wherein a fixed
bed flow reactor permitting easy separation of catalysts is used

10 and a plug flow is produced. The superficial velocity (Uavg)
is expressed by the following equation (1):

Uavg {(m/sec) = Fv / [m x (DL/23%] «« - (1)
wherein Di is an inner diameter (m) of the reactor, and
Fv is a feed rate {(m°/sec) of the raw materials.

15 In more detail, the superficial velocity {Uavg) refers to
the velocity of the gas (raw materials) passing through the
metathesis catalyst and co—-catalyst.

In the conventional metathesis reaction, the superficial
velocity is low to make sure that the starting olefins will

20 contact with the catalysts sufficiently. Therefore, the
starting olefins are in contact with the metathesis catalyst
and co=-catalyst for a relatively long time. When hydrogen gas

iz present, theolefins are hydrogenated during such long contact



20 In the invention, the starting olefins and the hydrogen gas are brought into contact with the
metathesis catalyst and co-catalyst. The hydrogen gas may be recovered with low boiling fractions
from the top of the tower and may be recycled. As described above, hydrogen is used in the
reducing treatment for the catalysts. If such hydrogen remains even after the reactor is purged with
nitrogen, the residual hydrogen will help the metathesis catalysts maintain the activity at least in the
very beginning of the reaction. However, the catalytic 10 activity will be gradually reduced if hydrogen

gasisn ly , tion, resul il be eventuall 0 those obtained without
adding %(%%énagfg%nﬁﬁgpggﬁr% %(r‘ioggu%ct?oﬁr% %s;\ﬁ(hefqr%etgg]%g% %eﬁ%ﬁgégéc%gr%%ﬁatg Re %resent

invention, the, hgg)gg)ggg eg?ﬁ?ii Eg:ogt'q}éo]usly supplied at a specific rate 15 to the reaction system, and
thereby the metathesis catalyst and co-catalyst can be used stably for a long time. The reaction

temperature is usyally in the range of 100 to 500C, and prefetably in the range of 130 to 350C. When
the reaction temS%llr“;"élt)é;Lécj Elgx?rggrﬁglyc%%Y%ﬁg ?ga%ﬁfoennra g %&% oov\r/léEr‘—’é%? aitrgﬂ%éj Sl%%%%ﬁvity of the

reaction Qﬁoed%%tsg Jq’lgzlcreoﬁseetdiIF\{thIq &hghregn((:;[jcog _tgmgeraturg izlextrem(%y high, side reactions occur
to producé more by-products stich as pardfing. and tha catalyst deactivation i Actefersfed. In the

invegﬂion., the gtarl;éqg,ol fins and h droo%en aée 21 preheated to approximately 100 to 30000, and are
usually fed i the gas'stats o tha Feactdr fiffed WithThe Fratathebis Cataly st and 86 ThYAN<.

only invites the olefin hydrogenation forming paraffins. Based
on ‘this finding, the lower limit of the superficial velocity
in the invention is fixed at a very high-speed level as compared
with the conventional art. The upper limit of the superficial

10 wvelccity ensures a minimum time required for the metathesis
reaction to complete. If the superficial velocity is more than
the upper limit, the contact between the starting olefins and
the catalysts is insufficient and the metathesis reaction does
not proceed sufficiently.

15 The superficial velocity is effective when the
raw-material feeding rate per hour relative to the total
catalyst weight (total weight of the metathesis catalyst and
co-catalyst) (WHSV: 1/h) is in the range of 0.1 to 50 h™, and
preferably in the range of 0.5 to 30 h™. 1If the raw-material

20 feeding rate (WHSV) is below the lower limit, the contact time
with the metathesis catalyst and co-catalyst is long, and more
paraffins are by-produced. If the WHSV is above the upper limit,

the metathesis reaction does not proceed sufficiently.



The reaction pressure at the above temperature may be a 5 reduced pressure, a superatmospheric
pressure or atmospheric pressure. From the viewpoint of reaction efficiency (reaction efficiency per
unit volume), the pressure is usually in the range of 0.01 to 20 MPa, and preferably in the range of
0.05 to 10 MPa. Under this pressure condition, the metathesis reaction 10 will proceed smoothly.
Excessively high pressures are disadvantageous ip éerms of facilities such as the need of reactors
resistant to high pressures. In the present invention, the olefin production by the metathesis

reaction does not pecessaily.inyglve reaction; 13 solvents or diluting gases: Hawever, the reaction

system may include solvents or gases that are inert to the catalysts and the starting materials. Specific

examples inchude gikanes such.as methane sthana propane ghd butane, apd jnert dilying gases

such as nitrogen and helium. Such components may be present in 20the reaction system, or may be

added to fhe feaction system to eantiglie jeagtion .. »AEL e metatjesis reqetion, the:reaction

F oL
products are separ rom catalysts, the starting olefins, the hydrogen gas and

the like. Ip defal the taiget olefine. 22.are senaraled fromdne geagtion Jixiyre by 2 known method
such as distillation, extraction or a dorptior. The unreacted raw matérials' may be recovered and
reusgd |notrt11etr§gctt|%r%g3‘(_stem The m%ta%@l%s% gesact(lgrcl) %oagro\ggfe oleflnl'; r._ygg be

volume © ume O
starting~olefins gas and the hydrogen gas). By introducing the
hydrogen gas in such small amount, the metathesis catalysts
maintain catalytic activity for a long time. If the amount of
hydrogen is less than the above range, the catalytic activity

10 maynot bemaintained. If the amount ismore thandescribedabove,
separating the unreacted hydrogen increases burdens. Even
though the hydrecgen gés is fed in the above amount, there is
no significant increase in the amount of paraffins by~produced,
and the metathesis catalysts maintain catalytic activity for

15 a long time. This long-lasting activity of the metathesis
catalysts probably contributes to the effective progress of the
metathesis reacticon at the superficial velocity in the
abcve-mentioned range.

The hydrogen is generally supplied continuously in the gas

20 state. In an embodiment of the invention, however, the hydrogen
gas may be fed intermittently, i.e., the hydrogen gas may be
added at the initiation of the metathesis reaction and the supply

may be terminated during the reaction and may be restarted after

2 predetermined time.



5 performed in any of the liquid phase, the gas phase and the gas-liquid mixed phase. Preferably, it is
recommended that the reaction is carried out in the gas phase from the viewpoint of reaction
efficiency. In the olefin production of the present invention, a 10 desired olefin output may be ensured
by alternately using two or more reactors arranged in parallel in a manner such that the metathesis
catalyst and co-catalyst in one reactor are regeneratgd with hot air or nitrogen-diluted air, while the
olefins are produced by the metathesis reaction in the other 15 reactor(s). This method is generally

called a merry-go-rourkbmades Byiemploying themerty:gogourd Mmods, dhe plefingargpraduced more
effectively. The reaction may involve three reactors, of which two reactors are connected in series to

stabilize é@%pEQv_%‘Cﬁ%@g‘%&”%%‘é@%@E@ﬁrgéEti%i@kFaiﬂ%d 2000t iR a fluidized-bed _{Iogx,hlg@action
mode or in a moving-bed reaction mode, the whole or part of the catalysts may be withdrawn from the

reactor coptipuausly arintermittently while newly.adding. a.corresponding ameunt gf the; atalysts to

maintain the activityat a certain lével. 23 In the olefin production by the metathesis reaction, the

metathesis ggt@iygltl and ggﬁcagglé/sttg%crgésecH@@@&@;}ti%ggivﬁg Syvig‘btirpg&gg dgactivated catalysts

may be regenerated to recover the catalytic activity. In general, the olefins adSorbed on the catalysts

d with njt , | idi ith air or nit gl ir at
are purged with Nogen gas and e alalyso e axlized win g or ninaoendiied girata

temperature of 300C or hen the me tungsten or molybdenum, the cat
subjecteg ;g% retdugti(%n ;e/ith % edu(% ass%téch a? byggoggn or f?b%b%% mo&gxi.dr?. ngelo catalysts
are thus réactivated. EXAM S € presen I'be described l%y l%xamprlles below

r h
Invention \NY
without “gg%%%ﬂt]; %ngggit;é@eﬂgvggg%nééﬁgggmrﬂj%%J)gen,, the residual hydrogen

will help themetathesis catalystsmaintain the activity at least
in the very beginning of the reaction. However, the catalytic

10 activity will be gradually reduced if hydrogen gas is not newly
added, and the reaction results will be eventually equal to those
obtained without adding hydrogen gas. In the oclefin production
by the metathesis reaction according to the present invention,
the hydrogen gas is continuously supplied at a specific rate

15 Lo the reaction system, and thereby the metathesis catalyst and
co—catalyst can be used stably for a long time.

The reaction temperature is usually in the range of 100
to 500°C, and preferably in the range of 130 to 350°C. When the
reaction temperature is extremely low, the reaction rate is

20 lowered, and the productivity of the reaction products is
decreased. When the reaction temperature is extremely high,
side reactions occur to produce more by-products such as
paraffins, and the catalyst deactivation is accelerated.

In the invention, the starting olefins and hydrogen are



8.3 g of ammonium metatungsuate (Aldrich) was dissolved in 1 liter of distilled water, and 50 g of silica
gel Q-10 available from Fuiji Silysia Chemical Ltd. (surface area: 300 m2/g, pore volume: 1 mi/g, 150 to
500 1.1m) was suspended in the 20 solution. The suspension was stirred at room temperature for 30
minutes. Subsequently, water was evaporated in an evaporator. 24 The resulting white solid was
calcined under an air atmosphere at 550C for 6 hayfs. The calcined product was referred to as the
catalyst WQ-10. Magnesium oxide (Kyowamag 150 (registered trademark) 5 manufactured by Kyowa

Chemica) lngustey.Goy, L td)swhichwasfine pawderowas comprassed:with adyaiaylicaeess at 200
kg/cm2 for 3 minutes. The compact was then crushed and the particles were classified. The particles

having digmeters of, 150 t9.500.:km were used: 1012 g ofithe catalyst:We-1 and 48 of the

magnesium oxide were physically mixed and packed in the center of a SUS tube having an outer

diameteg:gft]a&__ ], %%@Qggmq{%@gﬁglgi) of 16 mm and a length of 1000 min. The top and bottom of
the tube were filled with a-alumina balls. Ametathesis reactor was thus 15 prepared. The catalyst bed

was 0.5 m high. r, . FIlor o e melaliesisseation, dng sglalysisiyese peeticatad jn e bllowing
ge

manner. Normal pressure nitro gas was supplied from the top of the reactor at a flow rate of

-

5 reduced pressure, a superatmospheric pressure or atmospheric
pressure. From the viewpoint of reaction efficiency {(reaction
efficiency per unit volume), the pressure is usually in the range
of 0.0l to 20 MPa, and preferably in the range of 0.05 to 10
MPa. Under this pressure condition, the metathesis reaction

10 will proceed smoothly. Excessively high pressures are

disadvantageous in terms of facilities such as the need of
reactors resistant to high pressures.

In the present invention, the olefin production by the
metathesis reaction does not necessarily involve reaction

15 solvents or diluting gases. However, the reaction system may

include solvents or gases that are inert to the catalysts and
the starting materials. Specific examples include alkanes such
as methane, ethane, propane and butane, and inert diluting gases
such as nitrogen and helium. Such components may be present in

20 the reaction system, or may be added to the reaction system to

control the reaction.

After the metathesis reaction, the reaction products are
separated and recovered from the catalysts, the starting olefins,

the hydrogen gas and the like. 1In detail, the target olefins



20 100 mi/min, and the temperature was raised to 500C and maintained constant for 1 hour.
Subsequently, normal pressure hydrogen gas and nitrogen gas were fed at flow rates of 20 ml/min and
80 ml/min, respectively, at 500C for 30 minutes. Thereafter, nitrogen gas was supplied again at a flow
rate of 25 100m1/min at 500C for 2 hours. The temperature was then lowered to 300C while supplying
the nitrogen gas. Liquefied 1-butene (purity: 99%, manufactured by Mitsui Chemicals, Inc.) was
purified by adsorption treatment with y-alumina (NKHD-24, manufactured by Sumitomo Chemical Co.,

Ltd.). 2 .Afterthe pretrgatment, ethylene and hydsoden were, supplieat flgwyaies af 187 1/min and

31.6 ml/min, respectively, in teas of flow rates at 25C and normal pressure. 10 The pressure inside the

reactor was adiusted o 3.5 MPg yia a back pressurg valve. ; ., The purified liuefied 1-butene was

fed at 2.88 g/min to a preheater (200C) positioned upstream from the metathesis reactor. The gas of

1'b“ta”%HQ%E‘.D&%E’HS?%{%"%%@%%%&%?FQV'PQS hydrogen wer t?:]l‘}BR”%%é% fhe reactor to

initiate the reaction. n the reactor (300C, 3.5 MPa), the feed rate (Fv) of the raw materials was

2.87 x 10-6E13/sgc. In other.words, the weight hqurly space velo 'tg%WHSV of the weight of the raw
materials 20(g/h oethnéet% a l’(1:‘€§1tsajfyss’t %%?g‘%t aﬁlwogg 51 rﬁ?%%ehf rogélrlil © m)ay be

5 performed in any of the liguid phase, the gas phase and the
gas-ligquid mixed phase. Preferably, it is recommended that the
reaction is carried out in the gas phase from the viewpoint of
reaction efficiency.

In the olefin production c¢f the present invention, a
10  desired clefin output may be ensured by alternately using two
or more reactors arranged in parallel in a manner such that the
metathesis catalyst and co-catalyst in one reactor are
regenerated with hot air or nitrogen-diluted air, while the
olefins are produced by the metathesis reaction in the other
15 ~reactor(s). This method is generally called a merry-go=-round
mode. By employing the merry-go-round mode, the olefins are
produced more effectively. The reactionrmay involve three
reactors, of which two reactors are connected in series o
stabilize the production output. When the reaction is carried
20 out in a fluidized-bed flow reaction mode ¢r in a moving-bed
reaction mode, the whole or part of the catalysts may be withdrawn
from the reactor continuously or intermittently while newly
adding a corresponding amount of the catalysts to maintain the

activity at a certain level.



concentration in the raw materials was 1% by volume. The superficial velocity (Uavg) in the reactor
was 0.014 m/sec from the following equation (1): Uavg (m/sec) = Fv / [E x (Di/2)2](1) 26  wherein Di
was the inner diameter of the metathesis reactor, and Fv was the feed rate of the raw materials.

The pressure was adjusted to normal pressure via the back pressure valve, and the reaction products
were automatically 5 sampled. The sample was anatyzed on-line by gas chromatography. Based
on the composition sampled 3 hours after the reaction initiation, the butene conversion was calculated

to be 70% by deducting:the: total:arpedat.eklians-2putere neis2-hutene andt-butene inthe outlet gas
from the amount of 1-butene supplied. 10The propylene selectivity based on butene was 88%. Small

amounts;efipantens and-hexengswers. also-generateds+ Ofthe.hydrogen supplied, 20% was
consumed in the by-production of ethane and propane. The reaction was continued for another 40

hours, byt the butene,canversign did w0t deggrease - 151n the.abave eactipn.cagfied out at a superficial
velocity
regenerated to recover the catalytic activity. In general, the
5 olefins adsorbed on the catalysts are purged with nitrogen gas,
and the catalysts are oxidized with air or nitrogen-diluted air
at a temperature of 300°C or higher. When the metal is tungsten
or molybdenum, the catalysts are further subjected to reduction

with a reducing gas such as hydrogen or carbon monoxide. The

10 catalysts are thus reactivated.

EXAMPLES
The present invention will be described by Examples below
without limiting the scope of the invention.
15 [Example 1]
8.3 g of ammonium metatungstate (Aldrich) was dissolved
in 1 liter of distilled water, and 50 g of silica gel 0-10
available from Fuji Silysia Chemical Ltd. (surface area: 300
m*/g, pore volume: 1 ml/g, 150 to 500 um) was suspended in the
20  soclution. The suspension was stirred at room temperature for
30 minutes. Subsequently, water was evaporated in an

evaporator.



of 0.014 m/sec with addition of 1% by volume of hydrogen, the catalytic activity was maintained for a
dramatically extended period ofe, and the by-production of paraffins due to hydrogen was greatly
suppressed. 20[Comparative Example 1] A metathesis reactor was prepared in the same manner
as in Example 1, except that 0.6 g and 2.4 g of the catalyst WQ-10 and magnesium oxide used in
Example 1 were physically mixed and packed in a 585 tube having an outer diameter of 18 mm, an
inner 27 diameter (Di) of 16 mm and a length of 400 mm. The catalysts were pretreated in the same

manner as in ExamplerksuicThe linefied ddutenedieated by aleminaatsorptionawas fed at a rate
of 0.145 g/min, and ethylene was supplied at a 5 flow rate of 87 ml/min in terms of flow rate at 25C and

normal psesssieeHdydrogen vas’ notrsupplied.clhes aw-materialgasesvere passed thigugh the
catalyst bed at 3.5 MPa and 300C. The weight hourly space velocity (WHSV) of the weight of the

raw materiafs (a/B)stothefatal catalyst wejght (@hwas 10 5 h-I. The hydrogen concentration in the raw
materials was 0% by volume. The superficial velocity (Uavg) from the above equation (1) was 0.0007

m/sec.  The pregsiwe;was adiusted to,neraal pressdre via dhe back pressurg-yalye, and the
reaction products were automatically

5 manufactured by Kyowa Chemical Industry Co., Ltd.}, which was
fine powder, was compressed with a hydraulic press at 200 kg/cn?
for 3 minutes. The compact was then crushed and the particles
were classifised. The particles having diameters of 150 to 500
um were used.

10 12 g of the catalyst WQ-10 and 48 g of the magnesium oxide
were physically mixed and packed in the center o a S5US tube
having an outer diameter of 18 mm, an inner diameter (Di) of
16 mm and a length of 1000 mm. The top and bottom of the tube
were filled witha~alumina balls. A metathesis reactor was thus

15 prepared.

The catalyst bed was 0.5 m high.

Prior to the metathesis reaction, the catalysts were
pretreated in the following manner. Normal pressure nitrogen
gas was supplied from the top of the reactor at a flow rate of

20 100 ml/min, and the temperature was raised to 500°C and
maintained constant for 1 hour. Subseguently, normal pressure
nydrogen gas and nitrogen gas were fed at flow rates of 20 ml/min
and 80 ml/min, respectively, at 500°C for 30 minutes.

Thereafter, nitrogen gas was supplied again at a flow rate of



15 sampled. The sample was analyzed on-line by gas chromatography. Based on the composition
sampled 1 hour after the reaction initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-2-butene, cis-2-butene and 1-butene in the outlet gas from the
amount of 1-butene supplied. 20 The propylene selectivity based on butene was 88%. Small amounts
of pentene and hexene were also generated. Although ethane or propane was not by-produced,
the butene conversion decreased to 0% in 10 hours after the initiation of the reaction. 28

[Comparativerbxample 21500 ° d ke progesures, of eamparative Hxamplek weerepeated gxcept that
a raw-material purifying device was positioned upstream from the preheater. The purifying device was

a SOS tyhe (pyterdigmeter: 18 mm. inper diameter(Ri); 16, mimlength: 700 mm) filled with 6 g and 24
g of the catalyst WQ-10 and magnesium oxide respectively. Prior to the reaction, the catalysts in the

purifying device were,peated in_the presencs of nittogens then,redueed with.hygdrogen, and heated

again in the presence of 10 nitrogen, and thé température was lowered to ambient. The raw-material

gas was ppsaad lyayoh fhe puiingdevice.and thorepyimnritien In 1dutghe sugh ag butadiene

were completely removed by adsorption. The pressure was adjusted to normal pressure via the back

15 pressure yalve, an eacfion products were automatically sampled. The sample was analyzed
onjl%ne bK/ g%s%?%?na t%%%h%f& ! ﬁ%%éa %\léﬂlutﬁg%:o%ﬁ’pg%ﬂ%#soéﬂrﬁple imﬁc?uarslaf €t the reaction

initiationLt € bSutene conversion was calculated to be 70% by deducting the total amount of

trans-2-butene, cis-2-butene and

After the pretreatment, ethylene and hydrogen were
supplied at flow rates of 1.87 1l/min and 31.6 ml/min,
respectively, in terms of flow rates at 25°C and normal pressure.

10 The pressure inside the reactor was adjiusted to 3.5 MPa via a
back pressure wvalve.

The purified liquefied l-butene was fed at 2.88 g/min to
a preheater (200°C)‘positioned upstream from the metathesis
reactor. The gas of l-butene from the preheater together with

15 ethylene and hydrogen were supplied to the reactor to initiate
the reaction.

In the reactor (300°C, 3.5 MPa), the feed rate (Fv) of the
raw materials was 2.87 x 10™®m’/sec. In other words, the weight
hourly space velocity (WHSV) of the weight of the raw materials

20 (g/h) to the total catalyst weight {(g) was 5 h™*. The hydrogen
concentration in the raw materials was 1% by volume. The
superficial velocity {Uavg) in the reactor was 0.014 m/sec from

the following eguation {1):

Uavg (m/sec) = Fv / [m x (Di/2)%] -+ (1)



20 1-butene in the outlet gas from the amount of 1-butene supplied. The propylene selectivity based
on butene was 88%. Small amounts of pentene and hexene were also generated. Ethane or propane
was not by-produced, and the butene conversion did not decrease during 20 hours after the initiation
of the reaction. 29 The results of Comparative Example 2 showed that by thoroughly removing
the poisoning substances from the raw material batene, the catalysts remained active for an extended
period of time. However, such thorough purification is too 5 expensive to be performed on an industrial
scale. In theepreseritinvestionetharaw matetat 2o erid is Pafifiéd 85ihe 7eagrhing, and the
purified 1-butene is used in the metathesis reaction. If the raw material 1-butene is purified to a high
level, thermetathesis catadystewill reatain 40 adtive forva fusther éxtéaded period of time. However,
purifying the raw materials adds large costs. Purification such as purification of 1-butene with
y-alumina in Example decan:stdl altow dar;perfarding the metathesis rractioniwithlindbstrial profitability.
15[Comparative Example 3] The procedures of Comparative Example 1 were repeated except
that the hiydengen-gas:was fed indthermetathests reactoratiadflow rate of 4158 mifatin defetms of flow
rate at 25C and normal pressure, i.e., the hydrogen concentration was 1% by 20volume relative to the
ransmatedals: . Basediarthecompesitior sampled Bihouisyatiesthe reactiongmitiption, the butene

conversion was calculated to be 70% by deducting the total amount of trans-2-butene, cis-2-butene
and 1-butene inghe oytist gasfrompihesamount o d-huiense supplied fter the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-2-butene, cis-Z-butene and
l-butene in the cutlet gas from the amount of I-butene supplied.
10 The propylene selectivity based on butene was B8%. Small
amounts of pentene and hexene were also generated.

Of the hydrogen supplied, 20% was consumed in the
by-production of ethane and propane. The reactionwas continued
for another 40 hours, but the butene conversion did not decrease.

15 In the above reaction carried out at a superficial velocity
of 0.014 m/sec with addition of 1% by volume of hydrogen, the
catalytic activity was maintained for a dramatically extended
period of time, and the by-production of paraffins due to
hydrogen was greatly suppressed.

29 [Comparative Example 1]

A metathesis reactor was prepared in the same manner as
in Example 1, except that 0.6 g and 2.4 g of the catalyst WQ-10
and magnesium oxide used in Example 1 were physically mixed and

packed in 2 SUS tube having an outer diameter of 18 mm, an inner



30 The propylene selectivity based on butene was 88%. Small amounts of pentene and hexene were
also generated. Of the hydrogen supplied, 90% was consumed in the by-production of ethane and
propane. The reaction was continued for another 20 5 hours, but the butene conversion did not
decrease. [Comparative Example 4] The procedures of Comparative Example 3 were repeated
except that the hydrogen gas was fed in the metathesis reactor at a flow rate of 0.7 ml/min, i.e., the
hydrogen concentration 10 was 0.5% by volume relative to the raw materials. Based on the

composiiog:sanmpled 3:houss after the eeactigniritiation, de butenerconversiarewas galculated to be
70% by deducting the total amount of trans-2-butene, cis-2-butene and 1-butene in the outlet gas from

the amoyptef Libutene-supplied. 19,Ihe prepylans selegtivityrbaseshon butene was 88%. Small
amounts of pentene and hexene were also generated. Of the hydrogen supplied, 90% was consumed

in the by-productiqn of ethane; and propans, I he-teactianwas continued: for arpthes2Qhaurs, but the

butene conversion did not decrease. 20From the above results, even though butadiene was not

removed;sufficiently from.the raw material. the catalysts majntained,the astivity faranextended period
of time by the addition of hydrogen. However, the addition of hydrogen also 31
5  flow rate of 87 ml/min in terms of flow rate at 25°C and normal
pressure. Hydrogen was not supplied. The raw-material gases
were passed through the catalyst bed at 3.5 MPa and 300°C.
The weight hourly space velocity (WHSV) of the weight of
the raw materials (g/h) to the total catalyst weight {g} was
10 5 h™'. The hydrogen concentration in the raw materials was 0%
by volume. The superficial velocity {Uavg) from the above
equation {1} was 0.0007 m/sec.
The pressure was adjusted to normal pressure via the back
pressure valve, and the reaction products were automatically
15 sampled. The sample was analyzedon-line by gas chromatography.
Based on the composition sampled 1 hour after the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-Z-butene, cis-Z-butene and
l-butene in the outlet gas from the amount of l-butene supplied.
20 The propylene selectivity based on butene was 88%. Small
amounts of pentene and hexene were also generated.
Although ethane or propane was not by-produced, the butene

conversion decreased to 0% in 10 hours after the initiation of

the reaction.



caused by-production of paraffins, which was not avoided simply by controlling the amount of
hydrogen. [Comparative Example 51 The reaction was performed at 3.5 MPa and 300C in the same 5
manner as in Comparative Example 1, except that the catalyst WQ-10 and magnesium oxide were
used in amounts of 1.2 g and 4.8 g respectively, the liquefied 1-butane was fed at a rate of 0.29 g/min,
and ethylene and hydrogen were supplied at flow rates of 180 ml/min and 3 ml/min respectively in
terms of flow rates 10 at 25C and normal pressure. The weight hourly space velocity (WHSV) of

the Weigt]@rgg% raw m;ge@g@rg?{@ te }he total catalyst weight (g) was 5 h-l. The hydrogen
concentration in the raw materials was 1% by volume. The superficial velocity (Uavg) from the above

15equation (1) wag, 0.0014 n/sec. s Bassg.anthe compasition;sampled 3.hours after the reaction

initiation, the butene conversion was calculated to be 70% by déducting the total amount of

trans-2-butene, cis:2-butene and 1-hutene in E@SPEE%E%%S fram;the amount of 1:0 t%@% supplied. 20

The propylene selectivity based on butene was 88%. Small amounts of peritene and hexene were also

generate e rogen supplied, 88% was.consumed.in the hy-production of ethane and propane.
d0L e ydiogen sunalien. 83, was cpasymeddn i Buproduetion olefhane a

The reactlgn was continue _or‘another IS, _ conversion Sicflno QE_zcrease._From
e 52 PO ke, S o Conpared o Capperis e 1) syl ooy of
achievedﬂgﬂc)coggifget%taggée%egtégl\é?r}tkorg rcl%N% eer’ct:g%alyst WO-10 and magnesium
oxide respectively. Prior tothe reaction, the catalysts in the
purifying device were heated in the presence of nitrogen, then
reduced with hydrogen, and heated agzin in the presence of
10  nitrogen, and the temperature was lowered to ambient. The
raw-~material gés was passed through the purifving device and
- thereby impurities in l-butene such as butadiene were completely
removed by adsorption.
The pressure was adjusted to normal pressure via the back
15 pressure valve, and the reaction products were automatically
sampled. The sample was analyzed on-line by gas chromatography.
Based on the composition sampied 1 hour after the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-Z-butene, cis-2-butene and
20 l-butene in the outlet gas from the amount of l-butene supplied.
The propylene selectivity based on butene was 88%. Small
amounts of pentene and hexene were also generated. Ethane or

propane was not by-produced, and the butene conversion did not

decrease during 20 hours after the initiation of the reaction.



5 by-production of paraffins due to hydrogen was not substantially suppressed. [Example 2]
WO03/Si02 and magnesium oxide were prepared according to the processes described in Example 1,
then shaped. 180 g of the 10 shaped W03/Si02 and 550 g of the shaped magnesium oxide were
physically mixed and packed in a SUS tubular reactor having an outer diameter of 48.6 mm, an inner
diameter (Di) of 41.2 mm and a length of 2 m. 240-gyof the shaped magnesium oxide was further
placed on the upper surface of the mixture. The top and 15 bottom of the reactor were filled with

a-alumina balls, gng thereby the satatyskpead aasfixedy The catalysibegdvas. approximately 1 in high.
At normal pressure, nitrogen gas was supplied from the top of the reactor at a flow rate of 10.2 1/min,

and the tepesalyre 30 was (aised %@%@@%&a{&? aingd-canstant fer.ahout 10 hoyys.
e

Subsequently, hydrogen gas and nitrogen gas were fed at flow rates of 1.5 1/min and 14.7 1/min,

respectively, &t 939Gier shhours 1o reduce the- catalysts, thergatter, Ditrogen gag Was, qo

period cof time. However, such thorough purification is too
S expensive to be performed on an industrial scale.

In the present invention, the raw material l-butene is
purified using y-alumina, and the purified l-butene is used in
the metathesis reaction. If the raw material I-butene is
purified to 8 high level, the metathesis catalysts will remain

10 active for a further extended period of time. However,
purifyingtherawn@terialsaddslargecosts, Purification such
as purification of l-butene with y-alumina in Example 1 can still
allow for performing the metathesis reaction with industrial
profitability.

15 [Comparative Example 3]

The procedures of Comparative Example 1 were repeated
except that the hydrogen gas was fed in the metathesis reactor
at a flow rate of 1.5 ml/min in terms of flow rate at 25°C and
normal pressure, 1.e., the hydrogen concentration was 1% by

20 volume relative to the raw materials.

Basedon the composition sampled 3 hours after the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-Z-butene, cis-Z-butene and

l-butene in the cutlet gas from the amount of I-butene supplied.



supplied again at a flow rate of 10.2 1/min at 550C for 24 hours. 33
Thetemperaturewasthenloweredto300C (reaction temperature) while supplying the nitrogen gas.
The nitrogen gas was then switched to the reaction gas, which was supplied while controlling the
internal pressure at 52.7 MPa via the back pressure valve. The reaction was thus initiated. The
reaction gas was composed of ethylene, a mixturezsgf compounds with 4 carbon atoms (hereinafter,
also referred to as the 04 mixture), and hydrogen. The 04 mixture contained 10 2-butenes (including

cis-isomerand Hanssisernen e 1-butene; isplidens; ispbutane-aed phutases. Theddmixture had a
typical composition of which SO to 60 wt% was accounted for by n-butenes, i.e., 2-butene and

1-butene,Fthylene andtbe 04 mixte wargsupplied at flow satesrlorat-2.4 kg/band+7 kg/h
respectively, and hydrogen was fed at a flow rate of 40 I/h in terms of flow rate at 25C and normal

pressure, Ji the, reactor (300C 2. 7JdPa), fhe feed rate 4Fv)-of the raw.materalswas, 7 6ex
10-5m3/sec. In other words, the weight hourly space velocity (WHSV) of the weight of the raw 20

materials (g/h), 1o the.total catalyst weight (g),was -h+,.the.hydrogen concentration dn they raw

materials was 1% by volume. The superficial velocity (Uavg) from the above equation (1) was 0.055

nﬂsgo hours, but the butene conversion did not decresase.
[Comparative Example 4]

The procedures of Comparative Example 3 were repeated
except that the hydrogen gas was fed in the metathesis reactor
at a flow rate of 0.7 ml/min, i.e., the hydrogen concentration

10 was 0.5% by volume relative to the raw materials.

Based on the composition sampled 3 hours after the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans-2-butene, cis-2-butene and
l-butene in the outlet gas from the amount of l-butene supplied.

15 The propylene selectivity based on butene was 88%. Small
amounts of pentene and hexene were also generated. Of the
hydrogen supplied, 920% was consumed in the by-production of
ethane and propane. The reaction was continued for another 20
hours, but the butene conversion did not decréase.

20 From the above results, even though butadiene was not
removed sufficiently from the raw material, the catalysts
maintained the activity for an extended period of time by the

addition of hydrogen. However, the addition of hydrogen also



34 The gas produced was sampled through a sampling line branched upstream from the back
pressure valve, and was analyzed periodically by gas chromatography. Based on the composition
sampled 24 hours after the 5 reaction initiation, the butene conversion was calculated to be 68.5% by
deducting the total amount of 1-butane and 2-butane in the outlet gas from the total amount of
1-butane and 2-butene in the 04 mixture. Of the hygrogen supplied, 20% was consumed in the
by-production of ethane and propane. The reaction was 10 further continued, and the butene

conversign wasH8%0-afterH00-RQu s-aftgr therinitiationaf theireaction {Exasiple 3]s 1 mplihe

procedures of Example 2 were repeated except that the hydrogen gas was fed in the metathesis

reactor at-a flovy rate 15:9fd 2 Whintenms - of lewyateral-2o¢ and normal pressure, i.e., the hydrogen
concentration was 0.3% by volume relative to the raw materials. After 24 hours after the initiation

of the reaetign,, ihe,butene conversion;was 68.5%. Of the hydrogen supplied, 20% was 20 consumed
in the by-production of ethane and propane. The reaction was further continued, and the butene

conversion was 539 after-30Q,hoyrsafier the-pliaton of he peactionsifxample dhe same

5 manner as in Comparative Example 1, except that the catalyst
WQ-10 and magnesium oxide were used in amounts of 1.2 g and 4.8
g respectively, the ligquefied l-butene was fed at a rate of 0.29
g/min, and ethylene and hydrogen were supplied at flow rates
of 180 m)/min and 3 ml/min respectively in terms of flow rates

10  at 25°C and normal pressure.

The weight hourly space velocity (WHSV) of the weight of
the raw materials {(g/h}) to the total catalyst welght {(g) was
5 h''. The hydrogen concentration in the raw materials was 1%
by volume. The superficial velocity (Uavg;) from the above

15  eguation (1) was 0.0014 m/sec.

Based on the composition sampled 3 hours after the reaction
initiation, the butene conversion was calculated to be 70% by
deducting the total amount of trans~2Z-butene, cis-Z-butene énd
l1-butene in the outlet gas from the amount of 1-butene supplied.

20 The propylene selectivity based on butene was 88%. Small
amounts of pentene and hexene were also generated. Of the
hydrogen supplied, 88% was consumed in the by-production of
ethane and propane. The reaction was continued for another 20

hours, but the butene conversion did not decrease. From tThe



35 The procedures of Example 2 were repeated except that the shaped magnesium oxide was
replaced by a shaped product of magnesium oxide/aluminum oxide solid solution (Mg0-Al203)
obtained by calcination of hydrotalcite (the shaped product 5 available from Mitsui Chemicals, Inc.).
After 24 hours after the initiation of the reaction, the butene conversion was 71%. Of the hydrogen
supplied, 20% was consumed in the by-productior 9f ethane and propane. The reaction was further
continued, and the butene conversion was 1065% after 500 hours after the initiation of the reaction.

[Compasative-Example-6] =+ Theiprecedises of Exaple d weresepeated exeepk thab hydrogen was
not added. After 24 hours after the initiation of the reaction, the 15 butene conversion was 70%. The

butene ggnuersion-decrgased 1@ 40%4,dyring 500 howrssafter thedniiation.af thedeactigr.y  From the
results of Examples 2 to 4 and Comparative Example 6, the addition of hydrogen dramatically
extendeg fhe duzability of the, Gatalytie activity, gnd the by predyction.of pasaffips1ent to
those achieved according to the present invention; however, the
5 Dby-production of paraffins due to hydrogen was not substantially
suppressed.
[Example 2]
WO3/510, and magnesium oxide were prepared according to
the processes described in Example 1, then shaped. 180 g of the
10 shaped WO3/8i0, and 550 g of the shaped magnesium oxide were
physically mixed and packed in a 3US tubular reactor having an
outer diameter of 48.6 mm, an inner diameter (Di) of 41.2 mm
and a length of 2 m. 240 g of the shaped magnesium oxide was
further placed on the upper surface of the mixture. The top and
i5 bottom of the reactor were filled with w-alumina balls, and
thereby the catalyst bed was fixed.
The catalyst bed was approximately 1 m high.
At normal pressure, nitrogen gas was supplied from the top
of the reactor at a flow rate of 10.2 1/min, and the temperature
20 was raised to 550°C and maintained constant for about 10 hours.
Subsequently, hydrogen gas and nitrogen gas were fed at flow
rates of 1.5 1/min and 14.7 1/min, respectively, at 550°C for
3 hours to reduce the catalysts. Thereafter, nitrogen gas was

supplied again at a flow rate of 10.2 1/min at 550°C for 24 hours.



20 due to hydrogen was substantially suppressed at a superficial velocity of 0.055 m/sec.
INDUSTRIAL APPLICABILITY 36 comprising feeding an olefin gas to pass the olefin through a
catalyst bed in the presence of hydrogen gas to convert the olefin into another kind of olefin, the
catalyst bed comprising a catalyst including at least one metal selected from the group 5 consisting of
tungsten, molybdenum, rhenium, niobium, tantalugizand vanadium, and a co-catalyst including a basic
compound having at least one metal selected from the group consisting of Group la (alkali metals),
Group har{alkalinesaarth: metals), Greuplldwand Grou 3 U [2°of thepetiddic table; thes impreyement 10
comprises controlling the superficial velocity of the gas passing through the catalyst bed to 0.01 to
2.0m/segnAceordingriothednvention itargeiolefinsare produced in high yields while side reactions
forming paraffins are suppressed. In the production of propylene according to the present 15 invention

as an example, thedformation©f prepaneawhichsaduces: thepurity of peopyens: iscsuppsessed.
Moreover, ethane formation is also suppressed, and thus recycling the unreacted ethylene only results

in minor,goneentration; apdaceymitation efsthane injthe systemnneathen werds; dhe gresent invention
20 does not require large amounts of energy for the separation of by-produced paraffins such as

ethgne, and olgfins.arg produesd-safely andyyith superior adyantages-framprogess-angd economic
standpoints. 37
initiated.

The reaction gas was composed of ethylene, a mixture of
compounds with 4 carbon atoms (hereinafter, also referred te
as the C4 mixture), and hydrogen. The C4 mixture contained

10 2-butenes {including cis-isomer and trans-isomer), 1-butene,
isobutene, isobutane and n-butanes. The C4 mixture had a
typical composition of which 50 to 60 wt% was accounted for by
n-butenes, i.e., 2-butene and l-butene.

Ethylene and the C4 mixture were supplied at flow rates

15 of 2.1 kg/h and 4.7 kg/h respectively, and hydrogen was fed at
a flow rate of 40 1/h in terms of flow rate at 25°C aﬁd normal
pressure. In the reactor (300°C, 2.7 MPa), the feed rate (Fv)
of the raw materials was 7.6 x 107° m°/sec. In other words, the
welght hourly space velocity (WHSV) of the weight of the raw

20 materials {(g/h} to the total catalyst weight (g) was 7 h™!. The
hydrogen concentration in the raw materials was 1% by volume.

The superficial velocity (Uavg) from the above eguation (1) was

0.055 m/sec.



CLAIMS 1.In a process for producing olefins by a metathesis reaction comprising feeding an olefin
gas to pass the olefin through a catalyst bed in the presence of hydrogen gas to convert the olefin into
another kind of olefin, the catalyst bed comprising a catalyst including at least one metal selected from
the group consisting of tungsten, molybdenum, rhenium, niobium, tantalum and vanadium, and a
co-catalyst including a basic compound having at teast one metal 10selected from the group consisting
of Group ia (alkali metals), Group | a (alkaline earth metals), Group Lib and Group Illa of the periodic

table, the improveaerizco npprising-eentieling: thecsuperficialoedocity of the gasdncudiag the starting
olefin and the hydrogen gas passing through the catalyst bed to 0.01 to 2.0 m/sec, wherein 15 the gas

subjected:taihe swetathesis seactioncontaips dhedwslreaar:0as angd, thenhydeogen gag asgounts for
0.05 to 10.0% by volume of the total volume (100% by volume) of the gas. 2.The process according to

claim 1, wherein the metathesis-20reactionis feriopned at 100 to 500C. 38 ABSTRACT

Based on the composition sampled 24 hours after the
5 reaction initiation, the butene conversiocn was calculated to
be 68.5% by deducting the total amount of l-butene and 2-butene
in the outlet gas from the total amount of l-butene and 2-butene
in the C4 mixture. Of the hydrogen supplied, 20% was consumed
in the by-production of ethane and propane. The reaction was
10 further continued, and the butene conversion was 58% after 500
hours after the initiation of the reaction.
[Example 3]
The procedures of Example 2 were repeated except that the
hydrogen gas was fed in the metathesis reactor at a flow rate
15 of 12 1/h in terms of flow rate at 25°C and normal pressure,
i.e., the hydrogen concentration was 0.3% by volume relative
to the raw materials.
After 24 hours after the initiation of the reaction, the
butene conversion was 68.5%. Cf the hydrogen supplied, 20% was
20 consumed in the by-production of ethane and propane. The
reaction was further continued, and the butene conversion was
53% after 500 hours after the initiation of the reaction.

[Example 4]



In a process for producing olefins by a metathesis reaction comprising feeding an olefin gas to pass
the olefin through a 5 catalyst bed in the presence of hydrogen gas to convert the olefin into ano er
kind of olefin, the catalyst bed having a catalyst Including at leas* one metal selected from the group
consis. of tungsten, molybdenum, rhenium, niobium, tantalum and vanadium, and a co-catalyst
including a basic compound having at least 10 oneygetal selected from the group consisting of Group
la (alkali metals), Group ha (alkaline earth metals), Group lib and Group lila of the periodic table, the

improvement liesrinComiriing thessupediciahyelocity.af the gasqassing threpahdhe €atalyst bed to
O0MO1 to 2.0 m/sec. According to the present invention, 15 the presence of hydrogen gas dramatically

increases the durability. ek the;metathesis; satahdis aetivity and thesby-peaduyction . ef parafins is
suppressed.
nagnesium oxide/aluminum oxide solid solution (MgO-Al,Cs)
obtained by calcination of hydrotalcite (the shaped product
5 available from Mitsui Chemicals, Inc.).

After 24 hours after the initiation of the reaction, the
butene conversion was 71%. Of the hydrogen supplied, 20% was
consumed in the by-production of ethane and propane. The
reaction was further continued, and the butene conversion was

10  65% after 500 hours after the initiation of thé reaction.
[Comparative Example 6]

The procedures of Example 2 were repeated except that
hvdrogen was not added.

After 24 hours after the initiaticn of the reaction, the

15 butene conversion was 70%. The butene conversion decreased to
40% during 500 hours after the initiation of the reaction.

From the results of Examples 2 to 4 and Comparative Example
&, the addition of.hyd‘rogen dramatically extended the durability
of the catalytic activity, and the by-production of paraffins

20 due to hydrogen was substantially suppressed at a superficial

velocity of 0.055 m/sec.

INDUSTRIAL APPLICARBILITY

In a process for producing olefins by a metathesis reaction



10

20

36

comprising feeding an olefin gas to pass the olefin through a
catalyst bed in the presence of hydrogen gas to convert the olefin
into another kind of clefin, the catalyst bed comprising a
catalyst including at least one metal selected from the group
consisting of tungsten, molybdenum, rhenium, niocbium, tantalum
and vanadium, and a co~catalyst including a basic compound having
at least one metal selected from the group consisting of Group
Ia {alkali metals), Group Ila {(alkaline earth metals), Group
ITb and Group IIIa of the periodic table, the improvement
comprises controlling the superficial velocity of the gas
passing through the catalyst bed t0 0.01 to 2.0 m/sec. According
to the invention, target olefins are produced in high yields
while side reactions forming paraffins are suppressed.

In the production of propylene according to the present
invention as an example, the formation of propane which reduces
the purity of propylene is suppressed. Moreover, ethane
formation is alse suppressed, and thus recycling the unreacted
ethylene only results in minor concentration and accumulation
of ethane in the system. In other words, the present invention
does not reguire large amounts of energy for the separation of
by-produced paraffins such as ethane, and oclefins are produced
safely and with superior advantages from process and ecconomic

standpoints.
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CLAIMS3

1. In a process for producing clefins by a metathesis
reaction comprising feeding an olefin gas to pass the olefin through
a catalyst pbed 1n the presence of hydrogen gas to convert the olefin
into another kind of olefin, the catalyst bed comprising a catalyst
including at least one metal selected from the group consisting of
tungsten, molybdenum, rhenium, niobium, tantalum and vanadium, and
a co-catalyst including a basic compound having at least one metal
selected from the group consisting of Group Ia {alkali metals), Group
ila (alkaline earth metals), Group IIb and Group II1Ia of the pericdic
table, the improvement comprising controlling the superficial
velocity of the gas including the starting olefin and the hydrogen
gas passing through the catalyst bed to 0.01 to 2.0 m/sec, wherein
the gas subjected to the metathesis reaction contains the hydrogen
gas and the hydroegen gas accounts for .05 te 10.0% by volume of the

total volume (100% by volume) of the gas.

2. The process acceording to claim 1, wherein the metathesis

reaction is performed at 100 to 500°C.



