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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 theseiaefins are inevitably fixed. The
proportions in which these olefins are produced are not always 15 in

agreement withgheokefin depranesoiiis theretore negessary 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

=110 yeld-elefing2Bihaying different structures. The reaction is of high
importance because it is capable of converting the olefins from the
naphtha cracking in Feaponse tp changesdn olefindemands, production
prdcess capable of efficiently converting starting olefins into

other kinds of olefins by metatheslis reaction in the presence

of hydrogen gas.

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
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
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.
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In 1931, it was found that the olefin metathesis reaction proceeded at a
high temperature of 725C 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

Howefeveloped,hy RiWips, Retroleuns Gerppany.in:1364 whereinathylenerand: rng

2-butene were synthesized from propylene under catalysis of

an oﬂ%ﬁb@%@&@e&k@ﬁoggd@@le@mﬁﬁ-f T%H@@Eﬁsiéfe%@l@[‘ii@m
reversible, and thus there 10 exists an equilibrium composition. For

supp8¥RMRIE,Inthe mefathesiseactign of ethylene.and 2:QUtene iftqy s« ria)

propylene, the equilibrium shifts such that more propylene is produced at

valulOwer t?ﬂ%“?r@{%f@%e%ﬂQief'é?é’@i*%?r?%%e”a%ﬂ%%%ﬁgé&‘{"e“fﬂ% first

reaction temperature by improving catalysts. Phillips 15 Petroleum

meta CODWRANY. developed a mathag wherein 2 catalyst compyising &;g%;%’%n

oxide supported on silica, and co-catalyst magnesium oxide ar

. mbination.. This method has b stablished as opylene X

Ph | e
S cton Brocate by Eliis GIobal The 30T partiiiar U Sopaianr=ne
75,575 Figtent Document 1) and Journaltogyoleculagngéailﬁlaénum

No. 4 Jou .
"EEEVA, ,%5.,1121 85Y" (I%rn?gﬁ ent gcrbcﬁ%ntcﬁ repc}/r?%hsatovVhen a

metathesis reaction between ethylene and 2-butene is carried out at 330C

ox1dg, HEPRREERTe BFsilicA-SHBRGRed tungsten oxide as a catalyst, the

The metathesis reaction is reversible, and thus there
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
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.

In particular, U.S5. 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
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3 conversion of butene is only 31%, while when magnesium oxide is used
in combination as a co-catalyst, the conversion is enhanced to 67%.
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

convecupients 8) hat whenia corCafalgstcomprising magnesiugn exitenans:ide
lithium 10 hydroxide supported on y-alumina is used, the butene

is uSeaversiogdspiaiatained ats74%eyenat allower ternperatef 2708, i s
However, the reaction temperatures described in the above documents

enhatioeexample; 270C in Patent Document 3) are still high considering the
practical industrial process, and there 15 are needed facilities such as
heating firpaces;insordes t@ achigve suchygaction temparaturesfofent 2)
example 270C. The reaction temperature in the metathesis reaction

reposbauld-he therefare lawared (a g devel thatyis mare simply aehjevabley ;5

steam heating, for example, approximately 200C. 20To solve this

of aPEoblemcthapresent applicant fias, alioady found inata slicassypparted

tungsten oxide catalyst in combination with a co-catalyst that is

-2 1. [JUSUM 0o or g systern, i which sadiym hydroxide is supported g
y-alumina achieve a drastically improved cafalytic activity in the

reported in U.S. Patent No. 4,684,760 (Patent Document 3) that
when a co-catalyst comprising magnesium oxide and lithium
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
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.

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
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4 presence of a small amount of hydrogen in the reaction (Patent
Document 4). According to this method, the reaction temperature is
lowered and propylene can be produced with much higher selectivity.
Moreover, provided that the reaction temperature 5 is constant, propylene
can be stably produced for a longer tyme of period. However, the
above method requires the presence of hydrogen, although the amount

presthereofds smalhalhe hydiogencmdeygoessundesirechreactions With (Patent
ethylene or propylene, 10 resulting in by-production of ethane or propane.

DoculfEapansg thatys byrprodyced inthe akavedeaction reducesdheRity of rure
propylene produced. The by-production of ethane causes process

is 1Bipblems. e Whep uneacted gthylene is racycleddniothe reactor.dhe

ethane is concentrated and 15 accumulated in the system.

seledR-B;948-16482 (Patent Dgcumentn) %@%%%ﬁé?éé@é%ﬁp@é%{ge rature

Document 6) describe that hydrogen is used in the metathesis reaction in

is cHifrresence ofa catalyst inwhich molybdenum, oxide and rhenium,oxide; .
are supported on-alumina. 20 These patent documents do not address the
of p@gpggqn of by-products by hydrogenation, and are silent on superficial

velocity. [Patent Document 1] U.S. Patent No. 4,575,575

However, the above method regulres the presence of
hydrogen, although the amount therecf is small. The hydrogen
undergoes undesired reactions with ethylene or propylene,
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
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.
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
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[Patent Document 2] U.S. Patent No. 4,754,098 5 [Patent Document 3]
U.S. Patent No. 4,684,760 [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 INVENTI©N It is an object of the
present invention to provide a 10 metathesis reaction process for
efficiently praducingedefinsin the presence:of hydrogendgas, white
suppressing the by-production of paraffins. In a process for roducing

olefing by enmetathesisreactionncompusing Jeeding an olefin gas to pass
the olefin through a

[Patent Document 5] JP-BE—~S48-156482

[Patent Document 6} JP-B-S557-13532

[Non-Patent Decument 17 Journal of Molecular Catalysis,

Vol. 28, p. 117 (1985}

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
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
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
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.
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15 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 compourtd having 20 at least one metal
selected from the group consisting of Group la (alkali metals), Group I'M
(alkaline parth enetals), Groupihrand Greap Mavaf, thetperigdic=table; the
improvement comprises controlling the superficial velocity of the gas
velpaseipgthroughithe catatyst ped tb€ 0L to 2.8ualseg. Goout INthECT m/sec
general metathesis reaction, the superficial velocity through a catalyst bed
to nusuallyabodtQ 00k ni/see to ensureiasufficienticoatact tune with the: has
catalyst. It has been found, however, that at such a low velocity, the
beecalefins-bireantwithadhe hydeagen-gas:under thewcatalysis:af he catalystdo: ns
yield paraffins. The present inventors have found that the conversion of
reaolefinsdly the metathesisreaction-dees patrequirgid,long eentact time -1 v s+
with the catalyst. Inthepresentinvention, the gas is passed through the
to gatalysthed ataxery highd Qsupesficiak velecityjnthg1ange 01 001 10, 2.Q 1o

m/sec. By bringing the olefins into contact with the catalyst in this manner,

cont@tget elefins are praducad afficiently while;su EB@E%@&%@@%@P@QEH ire

by-products such as paraffins. In detail, in the metathesis reaction of

= 18ihylene and %—mz@u&éﬁgﬁ@t&%mm%up%fﬁﬁ&%%'%@égfct%%ﬁti?n,

through the catalyst bed at 0.01 to 2.0°"m/sec enables efficient formation o

Fhet rget e. C e n -produced ins
e oo e o Sropand. 20 ADUANTALLS SR TRE RVERTIONS™

supé‘f??@i@qt%@fo%ﬁ%}gp@gu%ggl%E\e%lcgegsoo%t e present %Y@”“‘?%’et@e By

gas is passed at a super ocity, and therefore the sf%lrtlng )
briglgeﬂq eh dfg%t}lgaslglieolnccoqu%(:cttw%hitcl‘ﬁ @ggat%%%:sa{%asqcuofn this

catalyst fora short time.
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,
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.

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.
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7 The contact time is such that the olefins are converted into other kinds

of olefins but the hydrogenation of the olefins is suppressed. Thus, the

undesired formation of paraffins in the reaction is prevented. 5 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 paraffins, according to
TheEgampies:1Q lrendiZzand Gomparative €xainpies:3 ands. BESEME@BEint o

FOR CARRYING OUT THE INVENTION The production of olefins by
oththe metathesi reaetiom acoardingdotthe present invention willdbe lefins is

described in detail. 15 In the process for producing olefins by the
supmetathesis reagtien incthe prezentfavertion,a catalystand ascoreatalyst the

are used in combination. The catalyst used in the invention contains
readtlpast one metalsetected from tungsten, molybdenum, rhenium,
niobium, ‘

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

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.

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,
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
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20 tantalum and vanadium, Of these, tungsten, molybdenum and rhenium
provide relatively high catalytic activity. In particular, the catalyst having
tungsten shows higher activity. The metallic catalyst may be an oxide,
sulfide or hydroxide of the metal, These maybe used singly or two or more
kinds may 8 be used in combinatiorg The metal compound may be
supported on a carrier. The metathesis reaction catalyzed by the above

be usathlyst isqueferablyafixedibeduiiove ieactiopo imthenfixedbed:ffowrted on
reaction, the catalyst is preferably an oxide 5 of themetalbecause the

a cadeaciivatedicatalystanaybe segeneratedbycaleingtien by The catdere
for the catalyst preferably has a large surface area, usually not less than

catalQ82/g=The samieris preferablea npadcidic compound becausg ahe
acidic carrier induces 10 oligomerizanion of olefins. Examples of the

fixeGAHEES inchide,silica; yaluminaand titanias withssilicasbeipgprefesaplex i ge
because of large surface area. In the use of silica as the carrier, the

of +13ngHRtaf the-metal syppadead.in terms ofqxide ispreferably indhefange «d

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
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
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
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
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15 of 0.01 to SO 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 exemplary method 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

to ddsepal¥acithis usedras:a stading matedahdde startingymaterial is:fermeds °C
into an aqueous solution, and the carrier is soaked therein. The solution is

or nikgrevaporaied, S leLiynassoans thesresidue is calcined at a
temperature of 300C or higher in an oxygen atmosphere. As the

cagrierysed-herein, a commerngially available Gapderdnay Do used withous
modification. Use is also possible 5of a carrier that is obtained by reacting

carr asalkaf agorresponding metalwith a baseand caleining dhe resultings ibi1e

hydroxide into an oxide. When the carrier is prepared from a

of aCResnonding metalsalt,a coprecipitat on.method may be wsed in which

a metal salt 10 which will form the catalyst is added together with the

corr@gg%%ﬁwﬂgrﬂ%%gﬂwﬁﬁegpEp%ﬁﬁ%h%gﬁOEHTH§HﬂﬁgaQ%Q“%esulting
supporting of the metal compound catalyst are simultaneously carried out.
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
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
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 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
combination with a co-catalyst. Examplies 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
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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 patrticles is not limited as 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 catalysf js used in 20 combination with a
co-catalyst. Examples of the co-catalysts used in the invention include

in cct@MPRUNds,of metal elementsihelonging to- 4 (etalbmetalsh - tanle,
Group ha (alkaline earth metals), Group llb and Group llla of the periodic

1itniable. These,rompeundsimay bedssed ingly, on fwg ermore kinds, may be

used 10 in combination. Of the metals in the Groups of the periodic table,

stroffbilm, sadiym, potassim. cesium.magnesiu, galgiupy. sygnium,

arium, zinc and yttrium are preférred. U.S. Patent Nos, 4,575,575,

4,754,098 and 4,684,160 (to;5 Phillins Petrolepm, Gompany) describethat, |

magnesium oxide is essentially Used as a’co-catalyst. In the present

philﬁ%?@“%d% TQ%%%%“%%%%%?)“%Fe”eéf‘ﬁ%%”'Bétﬁi%e%@%%”dsE”ﬁé’ 0 de is

replaced by or may be u combination with compounds of metals

e 583 lthium, sodum and pofassium in view of catali aciivity 10 for
€ metathesis reaction. These conipounds may bé dsed singly or two or

kind (b di bination. Th -catalyst be i
naar SISt Bo St R, The o SRRNY PN

a
N compounds may further %%ntain ather m,etgls. Examples of S%JCh . N
Y OE:W%%aR%ﬁ?Rﬁ otRefF® ination with compounds of metals suc

as lithium, sodium and potassium in view of catalytic activity
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
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
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.
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15 metals include hydrotalcite that is a layered double hydroxide of
aluminumandmagnesium, anda solid solution of aluminum oxide and
magnesium oxide obtained by calcining the hydrotalcite. The oxides,
mixed oxides, hydroxides, double hydroxides, nitrates and acetates of the
metals may be supported on carrierg having 20a large surface area. The
carrier for the co-catalyst is preferably a compound that does not show

aciity evenaaites thengoLatalystisssupperted thereen, baeause-an st ts
carrier may induce oligomerization of olefins. 11 Preferred examples

inc1Qhthe cartiers for the co-catalystsinclude y-alumina zircopigand taaia., o1 v
They may be used singly or two or more kinds may be used in

or +#OMBINaton. The surfage arsa of daescarderisprefprablynot legs than- ¥ ce
m2/g. In the present invention, magnesium oxide may be used as a

area CBYIEr Ok the,ca-catalyst becavse ofis large surface area, Use igalso

possible of magnesium oxide and the above-described metal oxides in

combingfion, la papticular, the .‘EBE{‘PW@%H@% yiglupina angipagnesiuny

oxide is preferable because of high 10 chemical stability of y-alumina. A

a cafPIIROSIG Oxide 8@'8%’%‘1@?3@%&}?@8@@% i Also usabley, - 0G0 5

use of the co-catalyst supported on the carrier, the amount of the
use £0-GAYSLMStAl Pl oL QHlde [Rlallye (e cAnier BISneralin 108 .
range of 0.01 to 50 wt%, an IS preferably in the range of 0.1 fo
metawtg/giides in combination. In particular, the combination of
y-alumina and magnesium oxide is preferable because of high
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
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
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 exemp.iary method, a nitrate or hydroxide of the metal is

formed into an agueous solution or suspension, and the carrier
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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 an exemplary method, a

is sBinateiorhydroxide ofthe metakis: formed inia ancagueays solution-or
suspension, and the carrier 12 is soaked therein. The solution or

evapSuspensianisdhen eyaporated to.drypess, and the residue is.calgiped at a
temperature of 300C or higher in an air atmosphere. When the carrier is

empRiepated from a goresponding metal:s,salt, a.qoprecipitation method may

be used in which a metal salt which will form the co-catalyst is added

toggther with the metal saltfor the. carer and the synthesis of the ﬁg%eigtal

and the supporting of the metal compound co-catalyst are simultaneously

. carri 0 f.1 - S the carrijer.for th .
L hor it i A s I Y Mo sanc

whichaoys shapes such 8§§£{‘aei'rcas'tshla esd%!%”%ca't%@?esi%%trﬁgdmeta1

shapes and crus e(fshapes. & size of the shap% particles is no
salt“%@%dggéogggﬁfggFﬁ%gﬂ%%gagynthesis of the carrier and the
supporting of the metal compound co-catalyst are simultaneously
carried out.

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
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,
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.
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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-gatalyst (metal(s) selected from
Group la (alkali metals), Group ha (alkaline earth metals), Group lib and

Groupdlia ofdhe pededic table)-are supppdegdhon,the garierdogether. 13, .

In the metathesis reaction, the amount of the co-catalyst relative to the

re1a¢atalyst (co-ratalysticatalyst weight ratio) is generally from (1tg 20Q. \%/Q@%

the ratio is below the range, the hydrogen gas that is added in @ sma

is g&Mmaunt in the metathesis 5 reactignwillnot @Qgﬂ%efgfg‘éf@%egﬁ%tszaquef

When the ratio exceeds the range, the amount of the catalyst is too sma

the §|§ y% é% t@% St Qé%lﬁ(l)grg]dgu ge%é?é’r%&“ gi tQ EL01C g%naé\{lsrlﬁta:[] Iq : tchr?eira%ltea’ég%:% esis

activity'is noticea e activity o the metathesis ca ystiIs

xeacg.r@é“c%”lyz }Sz%’c?é’rgaarsggubé’amso{?%%rfccfé‘ﬁ%”%‘% E‘e@€st9atad%§énca{ dE%”ratio
ioxide, carbon maonoxide, diené compounds, mercapto compounds,

algcs)h%lﬁmand carbox;Qic com oundsb,%cg?{dingéy the olefins used as the .

XS Afting MateriAls prefarably shiould Rot cohtaifstich'components Sma-+1

etrimental o the catalytic activity. Such impurities are 15 preferably
e Lol B a0y ety Bty Y Siiig GefnS B GRLIRoR. Yot and
adsorption, extraction or washing before contact with the metathesis
the &aa%ﬁgﬁ%a%aﬁ&?: EXcéssiveSpattichfiGit adels EG5ECEfd therefore the
purification of the starting olefins is preferably performed 20 to satisfy both

ther S&iIVAG Subtdiratsifity of themetathEsis Bafif<t ardthd Bosiser e 1 1Y

purification of the raw materials, ,
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
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
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.
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Other materials such as nitrogen gas and hydrogen gas that are
introduced into the reactor are preferably as pure as possible. 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 apd the co-catalyst in the middle of the
reactor. 5t is often the case that the catalyst and the co-catalyst placed in

the-FRAGLRr coRain Qﬁ@rxﬁ@%bareg%hﬁé@@&é@%%ﬁwaﬁﬁ%% in

reduces the catalytic activity in the metathesis reaction, and is therefore

a cyPreferably remaved heforerthe starting glefins are fed \Fop gxample; the .},

catalyst and the 10 co-catalyst placed in the reactor may be exposed to

reac@oerp§§%a9§§g§§ et gas such %Sn%e%“’E’l@t%’ge{&hérg%%%’g%g’}?g that e

IS heated to or ‘above for at least minutes, where € moisture

cata gg%%rbggdt%n% C%a:'ryﬁsegﬁggﬁv %ﬁg%gﬁﬂg\ﬁh%hera&%rgs@ gpd.the a:alymina.

s is removed. eated inert gas is generally
fO'FP%’Vg% *%VfE‘?&%’%'%%”ea?ts”éeé”}léocaéﬁ‘éaéea%‘gfﬁé%'yghgy 385%%9— faralyst
heated reducing gas. The reducing gases used herein inclu e-carbon
monoxide and hydrogen. The, reducing as is,generally heated to not less

e O At st oF At IGadt-10 s “30 h e pAEon g1 =
oleéins by.the metathesis reaction in the present invention, olefins are
WAL RS i thborSRE ST a difalfANTOLAE bFhyUroad bs “Fhistfore,

‘ even if a small amount ofdh dr% en u%ed as the%educgrig gas remains in
me aﬁ%;ﬁﬁﬁhﬁﬁ%$¥lon, and 1s therefore preferably removed before

the starting olefins are fed. FYor example, the catalyst and the
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.

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.
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
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15 reactor, such residual hydrogen gas does not substantially reduce the
reaction yield in the metathesis reaction. 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 olefips. The starting olefins used in
the metathesis reaction may be the same or different compounds from

reaceaeh othernIndbeialefin production by dhe metathesistreactiotbrtheally
invention, a mixture 10 of olefins from the naphtha cracking may be used.

reduddelefinsused ivrthe matathesis reactien in-thednventionaredawer
olefins. Examples of the olefins include ethylene, propylene, 1-butene,

2-hutene, Z-peptene i2:hexene.4-methylZ-pentene afght into contact
3-methyl-1-butene. These may be used 15 singly or two or more kinds

withMaybeused .combingtign.ys- Eauexample: theye Maybepreduced
propylene from ethylene and 2-butene; propylene and 1-butene from

pre-€thyleneand 2-pentene; propylebe anglshenene from ethylene and

2-hexene; propylene and isobutene from ethylene and 2-methyl-2-butene;

conv20:a04 Propyene and 3methyl]-butepe fram ethylene and

4-methyl-2-pentene. Since the metathesis reaction is reversible, selecting

the-reaclion.condifions enables preduting the slarting QIEADSLARNS, ray
olefins produce the above exemplary reactions.

be the same or different compounds fromeach other. Inthe olefin
productionkﬂfthen@tathesisreactionjjltheinvention,anﬁxture
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
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;
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.
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16 When two or more kinds of olefins are used in the metathesis
reaction to give another olefin, the molar ratio of the olefins in the starting
materials is not particularly limited, When ethylene is included in the two
or more kinds of olefins, the 5 amount of ethylene is preferably in excess
over the other olefins. In the case of the reaction of ethylene and 2-butene
to produce propylene, the molar ratio of ethylene to n-butene (total of

1-butene-and2-butene) {athylerestlitene) is-ganesallyd 1o bhandthesis
preferably about 1 to 5. When the ratio is too small, 10 the reaction will

reacPiefarentiallytakeplage between the hutenginelecties. When-the ratiefs ns
too large, large facilities and energy are required to recover unreacted

in tgthylange-: i ndniihe olefim productionbythe metathasis,reagtiondhe  when

starting olefins maybe brought into contact with the metathesis 15 catalyst

ethy 80d oscatalyst that forma fixed bed, afluidized hed@ssuspended bed or:ne

a staged fixed bed. When a fixed-bed flow apparatus is packed with

amoufle Gatalysts, asdescribed intheournal of Molegylar Catalysis Vol 1285 1 ns .
p. 117 (1985), the catalyst and the co-catalyst may 20 be physically mixed

In u@{a%g ced inthe apparatus, orthe coscatalyst and the catalyst may he 4., o

in this order along the direction in which the material gas is

propfassed. TP}?&%&%'&‘%&E@@S"%”&& Hagd incombination 1. o IR oz

he olefin production e metathesis reaction, the gas Is passed
1o RO e ot st gL o AT, o oo
50, é@ledugpzeergiem:iéliasl]y'%bout 1 to 5. When the ratio is too small,
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
catalyst and co-catalyst that form a fixed bed, a £luidized 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
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.
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5 m/sec, and the metathesis reaction is performed at superficial velocities

in this range. The superficial velocity will be explained on the basis of
the metathesis reaction on an industrial scale wherein a fixed bed flow
reactor permitting easy separation of catalysts is used 10and a plug flow

is produced. The superficial velocity{tJavg) is expressed by the following
equation (1): Uavg (m/sec) = Fy / [n x (Di/2)2] -(1) wherein Di is an
inney diameter fmy opthedeaetosrand, Fyris anfeegates(nadises)-efithe ravke

materials. 15In more detail, the superficial velocity (Uavg) refers to the

gas i@?ﬁi%‘éﬁtﬁ%gé&ﬂ@ww@é@lﬂP@%Smtm@%@ﬁﬁ%@ﬂ&m@&ﬁﬁl@l&%y
and co-catalyst. In the conventional metathesis reaction, the

of 0SYRerfisiaj velogity is-low to-make sure that the stating alefins will2Q 1,

contact with the catalysts sufficiently. Therefore, the starting olefins are in

supefeRRELWItLthe metathesis catalyst and.coatalystioralatively fong 1. 5

time, When hydrogen gas is present, the olefins are hydrogenated during
m/seéycgﬁ%pQﬁgnﬁg%athesis reacticn is performed at superficial
velocities in this range.

The superficial velocity will be explained on the basis
of the metathesis reaction on an industrial scale wherein a fixed
bed flow reactor permitting easy separation of catalysts is used
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.

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
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
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18 time. This is probably a reason for the formation of paraffins to a
considerable level. The olefins are converted even if the contact time
between the starting olefins and the metathesis catalyst and co-catalyst 5
is greatly shortened. Any longer contact with the catalysts only invites the
olefin hydrogenation forming paraffi S Based on 'this finding, the lower
limit of the superficial velocity in the invention is fixed at a very high-speed

+ ime leVehas compared with the %%navggﬂf?@%&af&h%h%gpgs% Iy %féhrﬁ%g afins

superficial 10°velocity ehsures a minimum time required for the esis

fo ar%%iggégfmpéetgél‘;&es sgperficia_ll velocity is more tha_n t_he upper limit,
the contact between the starting olefins and the catalysts is insufficient

an&i the e;athesis reaction does not proceed sufficiently. 15The
he, £ T .
su pe?ﬂccfrgl‘m“vellclﬂzslt)'?i f:éeeﬁg&?(/ee%ﬁgn%%lﬁa%v%rﬁa 3n%ﬁé%¥l w%g ?é%epgﬁﬁgﬁren

relative to the tatal catalyst weigh %_al weight of the metathesis catalyst
the 4 A S0 PV 1 e e ARl 6 1o BO P co catvst

an

" referably jn the range of 0.5 ta 30 h-I. If the raw-material 20 feeding rate

15 SRRRISV 8 bRl I lowdF it $RE SonfACEIME withithe meffigse LV ots

catalyst and co-catalyst is long, and mare paraffins are by-produced. If the

OnLY SV R5abBiehE tpper Vit 968 fetatheSRTRARfoRRGES At rocBeded
. sufficiently. 19 In the present invention, the starting olefins are _

on "t Bréterably fetFintathe meisifesid Feactowith'g shfedmhodrREdt GGy

, gas. The hydrogen gas may be added in an amount of 0.05 to 10% by

in tRRhmechhd Prefeiablyc 88o 306y Xdld@e vaedd level as compared

with the conventional art. The upper limit of the superficial
velocity 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.

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
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.
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5 on the total volume of the gas (total volume of the 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 may not be maintained. Iftge amount is more than described
above, separating the unreacted hydrogen increases burdens. Even

thaygh.the hydragen das,isfedigihe abeveamount, theteds s are

significant increase in the amount of paraffins by-produced, and the

prerMEtanesis.catalysts mainjain catalylic achivity. o 13,aleng time, 1Fhis, 5+

long-lasting activity of the metathesis catalysts probably contributes to the

of hf%g%‘&%%%%‘?ssﬂéh%%&gsr%}gﬁ%afggg%%%éhg&#&Srﬁ?{%}‘g'&%%}& of

ove-mentioned ra generally supplie

continyously in the gas 20 state, In an.embadi t of the invention
0.05 ‘E)o THOU%%Y& unge,, andc'rﬁreggea a %%.Wg&lo éoebl%evﬁyd}me based

however, rogeh gas may be fed intermittently, i.e., ogen

asm e added at the ipitiation of the metathesis reaction . and the
on tggpﬁlﬁagﬁagyb\éﬁqé}ﬁ%a?e% ghﬁngq fie r af:)rtgoartffj1 aﬁ&sénuanf/ebé) fes‘%r?ed after a
redetermined time. 20 . In thle invention, the starting olefins and the
ST A geN G HEB BUGHY ML cONAEE T e Fetattiesrs batdloskared he
._co-catalyst. The hydrogen gas may be recovered with low boiling fractions
BYArGaRTHEASp OF e fovet Hht may BETEcyclaty ™€ AT 888drbetratioves -5
. hydrogen is used in the reducing_treatment for the catalysts. If such
B2 INfGdifen R mamSe et altelthe FactoriS Pardedfith Hitrogef, feunt of
residual hydrogen will help the metathesis catalysts maintain the activity at
hydrpaetintthelfsty b%ﬁ{hiﬁgg%f ﬂ%fé’r‘é%cﬁéfﬁ%wg@&, B Bataiytic FFtivity
activity will be gradually reduced if hydrogen gas is not newly added, and
may RE RASHTe3URERill béeVermuiay Byual TFhoS-oi5tained withore above,
adding hydrogen gas. In the olefin production by the metathesis reaction
sepagaddramgitoehepFERRt Al el AfehydreenRafisisontftsuslyEven
supplied at a specific rate 15 to the reaction system, and thereby the
thougfetathesis Cartgsangeco-estaly2t cam bé iSed ety fralivhg tihere is

no significant increase in the amount of paraffins by~produced,
and the metathesis catalysts maintain catalytic activity for
2 long time. This long-lasting activity cf 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
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.
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The reaction temperature is usually in the range of 100 to 500C, and
preferably in the range of 130 to 350C. 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 4@ produce more by-products such as
paraffins, and the catalyst deactivation is accelerated. In the invention, the

starting glefinsand-hydrogen are +21-prehgatedte appraximately 0t gen

30000, and are usually fed in the gas state to the reactor filled with the

gas Detathesiseatalyst and co-catalyst Theseactionpressureatthe above -n g

temperature may be a 5 reduced pressure, a superatmospheric pressure

c:o~cQE%Fﬂ%Pf‘e”ﬁl@%W{%d:erﬁ’?é@%ﬁa&)"@@i@5&%@%@&5‘ eificency, noiting

(reaction efficiency per unit volume), the pressure is usually in the range

£racPiQ1 ¢ 20 MPA, and preferably. inthe 1ange.af Q.09 tBéoﬂ\égﬁc%Q‘?{

this pressure condition, the metathesis reaction 10 will proceed 'smoothly.

Exgessivel g%g‘e%reiﬁ%rx‘f’é arg g%argégﬁta%%%@dtemstofgéaq_@&%m%&

as the nee reactors resistan pressures. In the present
£ realygndon, the Qiféi”é%ré’dbfdﬁsqc”s@y the-metathesls (2achion degsnols even

necessarlly involve reacﬁl
after the reactor is purged with nitrogen, the residual hydrogen
will help themetathesis catalystsmaintain the activity at least
in the very beginning of the reaction. However, the catalytic
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
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
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
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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 20thgjreaction system, or may be added to
the reaction system to control the reaction. After the metathesis

prendgachion; theseactionpredugts armseparated-and eacevered fromahey fed
catalysts, the starting olefins, the hydrogen gas and the like. In detail, the

in tﬁ%rgﬁég'eé%ézx%e sgparated-from the raactionmixture HyeknowR s 1 s

method such as distillation, extraction or adsorption. The unreacted raw

cata pﬂgrig@dnggmb@a@ggg%rgq and reused in the reaction system. The
metathesis reaction to produce olefins may be 5 performed in any of the

liqyid phase., S g Andthe gas-liguid, mixed phase. Preferablyyit »
e e

is recommen reaction is carried out in the 'gas phase from the

reduc‘:’i%vﬁﬁgi%t’s%f\{%ggg%” SG&%@}E%HB dhe, glefin produdtion ofdhe presenty o ;5

inve sired clefin output may be ensured by alternately using

pres %Y]L\éo or mQreoxgme%lggrs ?jrrag)%e'd i? %%a:yggigtai%nﬁﬁﬁgg‘é ® ﬂ‘(‘%e_act ion

etathesis Cata ySt and co-cata ystin‘one reactor are regenerated with
hot air or nitrogen-diluted air, while the olefins are produ

. h
@fflﬁeﬁgﬁl\éﬁg“?e‘ﬁiﬁgn‘ﬁ%f én%l?h‘érthe pressure 18 usuag’fij&&itti Cre range

of 0.0l to 20 MPa, and preferably in the range of 0.05 to 10
MPa. Under this pressure ccndition,.the metathesis reaction
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
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
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
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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 reaction may involve three reactors, of which two reactors
are connected in series to stabilize the production output. When the
reaction is carried 20 out in a fluidized-bed flow reaction mode or in a
moving-bed reaction mode, the whole or part of the catalysts may be

are é&ﬁjé@‘é‘é’é‘cfr%@éﬁeiﬁéc@é98@1’&5’9‘@&%%‘9@“@”@%M‘%%%Wd such
addin

g a corresponding amount of the catalysts fo maintain the activity at

as a@xcqriaindevel 23, . Ipdheolefin production Py the metathesis reaction, .,
the metathesis catalyst and co-catalyst decrease their catalytic activity
ith. time,. The deactiv talysts regenerated to recoye
AU e eral e oTne Sdearbed oq o A ard =™

pgfg%d nv;/it?ar% rogen gas and.the catalésts gaé% oxidizéa \with air or

|
2aCh 1 . b .
nitrogen-dilutéd air a arte?ncpelfgﬁjre of 300C or @ﬁer. When thé métal is

tungsten or molybden the catalysts are further subjected to reducti

Do B ge oUCH as Ry Tger B afbon Pt TG 1070 Toe
catalysts agre thus reactivated. ! .

9257 e testribed 5y Bxatiples eEEFo FWitRod limiting the SCBpE B
invention. 15[Example 1] . 8.3 g of ammonium metatungsuate (Aldrich)

LeaC A disSolabT THitérof didtiltdtf watsr, And 0 %‘F@ili@a eltgosnt of
available from Fuji Silysia Chemical Ltd. (surface area: 300 m2/g, pore

reacthfiin& i Afile 50 to 500 1.1m) was suspended in the 20 solution. The
suspension was stirred at room temperature for 30 minutes.

SubsehlEntl: Svatsr WA EVaScafecPin SV BVASSARFE 1nvention, a

desired clefin output may be ensured by alternately using two

AMPLES, . The present gt\éle%ngggyghe

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

~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
out in a fluidized-bed flow reaction mocde or 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.
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24 The resulting white solid was calcined under an air atmosphere at
550C for 6 hours. The calcined product was referred to as the catalyst
WQ-10. Magnesium oxide (Kyowamag 150 (registered trademark) 5
manufactured by Kyowa Chemical Industry Co., Ltd.), which was fine
powder, was compressed with a hydyaulic press at 200 kg/cm2 for 3
minutes. The compact was then crushed and the particles were classified.

Therparticlesshaving gdiatneters 6f.169 te 580xddn wvere sisedr-d 022 0-6f thene

catalyst WQ-10 and 48 g of the magnesium oxide were physically mixed

met a @R packed inthe senter-of-a SUS wbe havingan-auter diameter 9t 18 v 5
mm, an inner diameter (Di) of 16 mm and a length of 1000 min. The top

acti@pd poffomofthe lubewyerefilled with-a-alumina balls Amelathegls
reactor was thus 15 prepared. The catalyst bed was 0.5 m high. Prior

rege i inepgtathesisreaction, the catalysts were.pretieafed ipthefoliowing .y,

manner. Normal pressure nitrogen gas was supplied from the top of the

olef%%asctga@g%ﬂgw rate.af 2Q 100 milmin, and the temperatyre, was. rajsed é%s,

0C and maintained constant for 1 hour. Subsequently, normal pressure

g ,Jy%r gen gas %nd nitrogen gas were erg gtifnlrow_rrate of 20 ml/min and 80 .
Sl bl e A pe e b el e R

at a %lépn%lg%zg’ggg]ea% f%lg%teo%fhigher, 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

catalysts are thus reactivated.

EXAMPLES

The present invention will be described by Examples below
without limiting the scope of the invention.
[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
solution. The suspension was stirred at room temperature for
30 minutes. Subsequently, water was evaporated in an

evaporator.
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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.). After the pretreatment, ethylene and hydrogen
were supplied at flow rates of 1.87 1/min and 31.6 ml/min, respectively, in
teasef flavy ratesad 2065 ard Bermalk pressure: 16 The pressare msideithe
reactor was adjusted to 3.5 MPa via a back pressure valve. The

atmo puhfiadliquefithE-butene was fad-al 2.88@imikto-a Prehesterd200C)as

positioned upstream from the metathesis reactor. The gas of 1-butane

refefroputheprebeater togather with 45 ethylene and hydrogen were supplied
to the reactor to initiate the reaction. In the reactor (300C, 3.5 MPa),

thefegdsate(H\).0f dhe raw malprals was 2,82 x10-6EL3/sec.Jnather,
words, the weight hourly space velocity (WHSV) of the weight of the raw

manu MAlerials 2009/ o fhe tofalcatalystweight(g) was. S hrle dhe hydrogen ;.5
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.

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
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
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
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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 adjisted to normal pressure via the back
pressure valve, and the reaction products were automatically 5 sampled.

100 mEhesample wasaralyzed an-ine byrgas:cirgmatagraphys s thBasesd o4
the composition sampled 3 hours after the reaction initiation, the butene

to 309Mersionas aloulptachiode. 7ot dedhicig the total amount of

trans-2-butene, cis-2-butene and 1-butene in the outlet gas from the

am%@ﬁlé%vtfnme@mi@%&9?9@39!0%%0%;}&%@&B@%%dlﬁp Mitsui

butene was 88%. Small amounts of pentene and hexene were also

chen@8081ated:, . Of the ydragen.supplied ;20 was, consumed in the, ; .,

by-production’of ethane and propane: The reaction was continued for
another %ﬂ%q_r%but the butene congegsblfor})dld.not dec(E%ase.

y—-aldmina ., manufacture umitomo emical Co.,
Ltd.).

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.
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
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 107° m’/sec. In other words, the weight
hourly space velocity (WHSV) of the weight of the raw materials
(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)
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15In 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 ofe, and the by-production
of paraffins due to hydrogen was greatly suppressed. 20[Comparative
Example 1] A metathesis reactdbwas prepared in the same manner
as in Example 1, except that 0.6 g and 2.4 g of the catalyst WQ-10 and
mlagnesiufioxizle bsedinBExamplore werephysicains hiixde ahd PACKEECA
a 505 tube having an outer diameter of 18 mm, an inner 27 diameter (Di)
and Fof GmmiandfeledgthadfAG0Emnn & hezcatalysts Weré pretreated in the
same manner as in Example 1. The liquefied 1-butene treated by
aluminaradsonption wasfed at aerate of fold%g/ming and ethyleaetasback
supplied at a 5 flow rate of 87 ml/min in terms of flow rate at 25C and
pres ioraal pressureridydrogen seastriat suppliesl: Fhe rawrmateriabgasesally
were passed through the catalyst bed at 3.5 MPa and 300C. The

sanp Weight-heurhsspace valociyWHEY)xf-the weight 9f theranmmategialsohy .
(g/h) to the total catalyst weight (g) was

Based on the compeosition sampled 2 hours after 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.

The propylene selectivity based on butene was B88%. 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.

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.

[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
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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 pressure was adjusted to normal pressure via the
back pressure valve, and the reaction products were automatically 15
sampled. The sample was analyzed:en-line by gas chromatography.

Based on the composition sampled 1 hour after the reaction initiation, the
diamdutene ganvessiongvas, caleylated 40, be W 0%s by geduetingthe tetat alysts
amount of trans-2-butene, cis-2-butene and 1-butene in the outlet gas
were oM the.amount af I-hutenasupplied <20 Ihe propylens selectivity based

on butene was 88%. Small amounts of pentene and hexene were also

generated..., - £ Although gthane.or prepane, was netby=pradiiced: the, was

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

feq dfaction, 28 [Comparatve Example gk o riheprocgduresffpiied at a

Comparative Example 1 were repeated except that a raw-material

flow prLg ing fj%vfc%yv/arﬁﬁpsﬂ%o Q%%QSEE%E‘%%M@@O r(.g{le@gerc Tg&‘?d normal

puritying device was a SOS tube (outer diameter: 18 mm, inner diameter

presdBL6 M, jen %T‘HQQ%“%E"%%E&& and:24 g af the catalystWO-10.

and magnesiumoxide respective rior to the reaction, the catalysts’in

the uricfixin device were heated.in the presence of nitrpgen, thenyredeced
WELE it ghsye rog%nrf Oa%??he%%gd %agiirlﬁﬁst%e %?eg'se%%ce %T %0 ni§o§en, and the’

temperature was lowered to ambient. The raw- ial gas.was pass -
@E‘)@h"%ﬁé u?if%ﬁblﬁ%\"?icsépgr?f tﬁreer%l%? f”mgurtléﬁﬁﬁl- Dt(iezvri:jéE sﬁ%ﬁ %sldt o*

butadiene were completely removed adsorption .
the raw materfaels (gfh%yto the ?gtaf gatalyst weight {g) was

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
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.
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.
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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 sampled 1 hour after the reaction initiation, the butene
conversion was calculated to be 70%,hy deducting the total amount of
trans-2-butene, cis-2-butene and 20 1-butene in the outlet gas from the

[ comPRPYRYL f1-Butene supplied. The propylene selectivity based on butene
was 88%. Small amounts of pentene and hexene were also generated.

Ethane qr.rapane was nothysproduced, and the butene %%%@g@@g%d

not decrease during 20 hours aifter the initiation of the reaction. 2

exceDie Leslts of Comparalys Fxampla 2 shaweddiathy POV . ; oneq
removing the poisoning substarces from the raw material butene, the

aps cGAANSIS [AaAlned.aglive Jar an extended pead gidime. However quch.
thorough purification Is too%rexpenswgto e%er rmed 6n an industrial
scale., .In the_present invention,.the raw material 1-bu ene is purjfied

o A e, AR e U0 T bERE TS WLl i (he Mbtathegg T 700
reaction. If the raw material 1-bu is purified to a high level, the ,
‘mle“’tatﬁgs‘l'gslgagta St rb:i'm ino%%n%ﬁvg%raa ¥§rﬁw§rg%>€t nded peHoysF- "

. _time. However, Qurifyin the raw materials adds large costs, E?P:grificatio,n

Ox1d8 e AR Pulitidston of Toténe With §-aftRfina i Exaiiohe T TaK Stift diow"e

_for performing the metathesis reaction with industrial profitability.
purifying device were heated in the presence of nitfogen, then

reduced with hydrogen, and heated again in the presence of
nitrogen, and the temperature was lowered to ambient. The

raw~material gas was passed through the purifyving 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
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
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.
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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 25C and normal
pressure, i.e., the hydrogen concentration was 1% by 20volume relative to
the raw materials. Based on the gomposition sampled 3 hours after
the reaction initiation, the butene conversion was calculated to be 70% by

degueting the total ameuntof Haps-2butenecis-22buene and dxhutene
in the outlet gas from the amount of 1-butene supplied. 30 The propylene

thorselgetivity-hased ag butenewas;88%: Small.ameyntsof pepteneand. .,

hexene were also generated. Of the hydrogen supplied, 90% was

mate$QRsUMEeddndhe-by-producton of.ethane and propane. The reagtian was, . 4

continued for another 20 5 hours, but the butene conversion did not

perigacr%sal&qm%@@s@samw chodderogedures of Comparative |

xample 3 were repeated except that the hydrogen gas was fed in the

expeleiaIRes!s reacior kg flowrate, oL @ 7,miimin. L e..the bygrogen

concentration 10 was 0.5% by volume relative to the raw materials.
Bafed n_the compaosition sampled 3 hours after the reaction initiation, the
of RO ) o gt ?h ‘“'EF
buiene conversion was caiculated t6 benfo%ab‘g/ det u%ﬁﬁ"& e to éllteﬁe S
nount of trans-2-butene, cis-2-butene and 1-butene in the outlet gas

purigg%1rﬁf&ﬁ%uﬁﬁ%&ﬂmﬁﬂgﬁe%ﬁ pﬁ _ 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
active for a further extended period of time. However,
purifying the raw materials adds large costs. Purification such
as purification of l-butene with y-alumina in Example 1 can still
allow for performing the metathesis reaction with industrial
profitability.

[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
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.
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15 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 hours, but the butene conversion did not
decrease. 20From the above results;@ven though butadiene was not
removed sufficiently from the raw material, the catalysts maintained the

The SE¥y o anextendedperipd.aktime by theaddiion0f hydengersma 1

However, the addition of hydrogen also 31 caused by-production of

amouPasaffins yuhich wasot aygidadssimpbeby sanirollingthe-amount of the
hydrogen. [Comparative Example 51 The reaction was performed at 3.5

hydrgﬂ%ﬂaQQg%?E@E}h@§QWW§%nygﬁgﬁﬁ§&1@@nﬂﬁgagﬂigfgﬁmﬁ%lon of

except that the catalyst WQ-10 and magnesium oxide were used in

etha@oynisof 1.2 g.and 4.8.9 respactivaly, the liquefied L-butane wasded aty o

a rate of'0.29 g/min, and ethylene and hydrogen were supplied at flow

hour §2165.8f 180 miiminand 3 miminrespectivaly,jpderms pLAaw rates 10 at
25C and normal pressure. The weight hourly space velocity (WHSV)

. of the weight of the-raw materials (g/h) to the total catalyst weight (g) was
E‘COm%ah‘-’f].%l'h%é%12%?cailénemnl({?on‘g(r;ﬁ:antration in the raw materials was 1% by volume.

T %H%%%%@&§¥§¥Vé¥a¥%%ggggtEé%mﬁ%ample 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
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.
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.

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
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15equation (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-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. Of the hydrogen supplied, 88%

causBASHcoRsHmRA-inithe by-praduetionof ethane anghprepana.vHeieaciiong 1y

was continued for another 20 hours, but the butene conversion did not

by cOgerease;Fpomthe 3rbaveresHis abaaincreased (compared to
Comparative Example 1) superficial velocity of 0.0014 m/sec, the catalytic

[ comPSiMty;and the maintenance of catalytic activity were equivalent to those
achieved according to the present invention; however, the 5 by-production

0}‘ paaffins due to hydragenwas not substantipfly supprassed. [Example - ne

WO03/Si02 and magnesium oxide were prepared according to the

mamgl:ﬂcgésg%d%%%g’g? @@%BJSTJE then;shaped, 180 g.ofthe 10 sé@esq yst
W03/Si02 and 550 g of the shap magnesium oxide were physically

Wwo-1 é’é@% a:ﬂgg)naecgﬁ?% &3 (FePPJear r& gor xl?aa‘%ﬂa%l?i%’ué%r diameter of 4.8

n inner |ameter D1) of mm an ength of 2 m. 240 g of

sh fur laced
o o4 R0AC 1o BT e e e acer o) UPRCATPER o

g/mla’alumor[l %'?.L%%%”é%rgb\h’yd‘?:c‘%%tgﬁs&%er%w%ﬁé%(ﬂed att flow rates

of 180 m)/min and 3 ml/min respectively in terms of flow rates
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
equation (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.
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
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The catalyst bed was 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 temperature 20 was raised to 550C and maintained
constant for about 10 hours. Subsequently, hydrogen gas and nitrogen
gas were fed at flow rates of 1.5 1/migm and 14.7 1/min, respectively, at
550C for 3 hours to reduce the catalysts. Thereafter, nitrogen gas was

aboveSkRlied-again-at a figw rate o302 hpin.at S5QCHemR4 hattsy=38xample
Thetemperaturewasthenloweredto300C (reaction temperature) while

1) susHRRyingthenitrggen gass 0.0014 m/sec, the catalytic activity
and the maintenance of catalytic activity were egulvalent to
those achieved according to the present invention; however, the
by-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
shaped WO;/81i0, 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
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
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.
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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 mixture of compounds with 4 carbon atoms
(hereinafter, also referred to as the @4 mixture), and hydrogen. The 04
mixture contained 10 2-butenes (including cis-isomer and trans-isomer),

The t2rhtienea, isebutene risobltanerant nebBItenes. (Hee 04 mixturedhsrature )
typical composition of which SO to 60 wt% was accounted for by

whild-butepesinhe., 2rutene-and;drbuiene. Ethylene and the 04 mixture were
supplied at flow rates 15 of 2.1 kg/h and 4.7 kg/h respectively, and

hyeikegen wasded ajadflav rate i 40dhiindaeds ob flewsateat23Ganga s |,
normal pressure. In the reactor (300C, 2.7 MPa), the feed rate (Fv) of the

whichawsnaterials was 1,6 x:10-8m3tses: ini ather wordscthewaightbawhre at
space velocity (WHSV) of the weight of the raw 20 materials (g/h) to the

2.7 ’etal catalyst weight ko) was £ 1k The hydrogen soneentration indhe fam s

materials was 1% by volume. The superficial velocity (Uavg) from the
init Aboyg equation (1) was 0.055 m/sec. 34 The gas produced was
sampled through a sampling line branched upstream from the back

pregsurevalve, apdjwas analyzed petadically by gas chiomatqgraphy.. o«
compounds with 4 carbon atoms (hereinafter, also referred te
as the C4 mixture), and hydrogen. The C4 mixture contained
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
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
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.



10

15

20

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 hydrogen supplied,
20% was consumed in the by-produgton of ethane and propane. The
reaction was 10 further continued, and the butene conversion was 58%
afte S0§=hours after-the intiatisanbthereastemdbxamplend]t ingTheéne
procedures of Example 2 were repeated except that the hydrogen gas

brandyasifesd irthe-metatbgsiseactokat adloyiratevdh okl 2dMhdntesns.af flow
rate at 25C and normal pressure, i.e., the hydrogen concentration was

peri&i3%Ay voluegglative 1o4he- raw giaterials. After 24 hours after the

initiation of the reaction, the butene conversion was 68.5%. Of the

hyglzagen supplied, 20%amas 29 sonsumed din the;by-praductien of ethane

and propane. The reaction was further continued, and the butene

reacOBXErSION Was H3%0 after500.hayrs afier the initiatiop of the, eactione g o
[Example 4] 35 The procedures of Example 2 were repeated except

pe 6dN3Leshaped magnesium.oxide wag replaced by shaped.prodigtof ¢ ¢
in the outlet gas from the total amount of l-butene and 2-butene
in the C4 mixture. ©f the hydrogen supplied, 20% was consumed
in the by-production of ethane and propane. The reaction was
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
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
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]
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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-production of ethane and propane. The reaction was
further continued, and the butene conversion was 1065% after 500 hours

after thes initiationof the reagtion. [ amparadivedoample 6kcepthghat the
procedures of Example 2 were repeated except that hydrogen was not

shapadded. After:24-hours altey; the indtiatian ohthe reactionghe Io-butene of

conversion was 70%. The butene conversion decreased to 40% during

nagna9Q heurs.after the initiation efthedeactions soHremdhe resitsnatc,)

Examples 2 to 4 and Comparative Example 6, the addition of hydrogen

obt = dramatically extended {he dyrahility ofthe,catalytiq aglvity, pddne r oguct
by-production of paraffins 20 due to hydrogen was substantially
avaiTURIESSELA & SuRgrTicialugloci of 0-93a misec.

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
652 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
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

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
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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, gigbium, tantalum and vanadium, and
a co-catalyst including a basic compound having at least one metal

compselected framdhe graup sonsisting 8& Greup tax:alkalbmetalg) Growpdagh a
(alkaline earth metals), Group lib and Group llla of the periodic table, the

cat a MRrOvRIMent 16, camprises.contralling.the surarticial velaein,of thagase rin
passing through the catalyst bed to 0.01 to 2.0m/sec. According to the

intolny&Rtien, targel olefins are produceddn highyiglds while sidgreadtions »

forming paraffins are suppressed. In the production of propylene

catadearding ip fhe presenti 1, inveption gs anexample e Bration of ;.. oy,

propane which reduces the purity of propylene is suppressed. Moreover,

conse%%% oppation s Alse suppressed, apd thys regycling theypreacted.

né only restlts in minor ¢oncentration and accumulation of ethane’in

the sgstem. In %ther WOI’d% t eg{esent in\c/lention %O does not requir. .
and vana 1 U, NG a co~caf a ;an:%u :L? a aalc aoné;l;o i aY]lng
large amounts of energy for separation of by-produced paraffins suc

x 1858hane, and aiefins pre propyoed,salely and with syperior SdYAnIAeEs. .,
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 catalystbed t0 0.01 to 2.0 m/sec. BAccording
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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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 egnvert the olefin into another kind of
olefin, the catalyst bed comprising a catalyst including at least one metal
selected from the group consisting; gf tungsten, molybdenum, rhenium,
niobium, tantalum and vanadium, and a co-catalyst including a basic
compound having at least one metal 10selected from the group consisting
of Group ia (alkali metals), Group | a (alkaline earth metals), Group Lib
and.Group I#]Iﬁsl %f thre %griodifotgbler, the im rovement c%mprisin ‘
controlling the superficial vefocity of 1 %cjaginocﬁdffﬁstheyst%rf?ﬁ%%wﬁ S
Ieaca+r1d the hﬁ/dro%%g@gafs gssin throlu p,the catalyst bed t0 0.01 tg 2.0
misec, Whefein 15 the gas SUBRted 10 thE metathasiE reketior comtdins o 9™
the_hydrogen gas and the hydrogen gas accounts for 0.05 to 10.0% by .
= CAhiG JF e totd VoS 11009 by VAURRT o6 GRe FTRE protesd) ¢ 10

. according to claim 1, wherein the metathesis 20reaction is performed at _
lntfi@@?&%ﬁ%Kfl%% 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.
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ABSTRACT 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.3df tungsten, molybdenum, rhenium,
niobium, tantalum and vanadium, and a co-catalyst including a basic '
compound having at least 10 ogganetat-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 lies in
controlling the superficial velocity of the gas passing through the catalyst

bed to QMO0 2.0-Wise6.Arcordina-tothe present invention, 15.the . .«

presence of hydrogen gas dramatically increases the durability of the

Comﬂ9§§49§g§éég$ﬁﬁEEENngﬁgﬁh8Q¥4¥9dﬂg¥£1nga%{@gﬁ§ through a
suppressed.

catalyst bed in the presence of hydrogen gas to convert the olefin
into another kind of olefin, the catalyst bed having a catalyst
including at least one metal selected from the group consisting
oftungsten,molybdenum,rhenium,niobium,tantaiumandvanadium,
and a co-catalyst including a basic compound having at least
one metal selected from the group consisting of Group Ia (alkali
metals), Group Iia (alkaline earth metals), Group IIb and Group
IIla of the periodic table, the improvement lies in contrelling
the superficial velocity of the gas passing through the catalyst
bed to 0.01 to 2.0 m/sec. According to the present invention,
the presence of hydrogen gas dramatically increases the

durability of the metathesis catalytic activity and the

by-production of paraffins is suppressed.



