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1 SPECIFICATION PROCESS FOR PRODUCING OLEFINS FIELD OF
THE INVENTION 5 The 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 s E I propylene and butene, and
the production percentageél % %?\%E?e%gﬁr%} are inevitably fixed. The

proportions in W%i]%g é%%ised%kggn%gﬁ%&%o%egﬂggmé always 15 in

agreement with man IS thereforeé 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

FIEWthOgaﬁﬁgthw\{g§Hé)§leﬁns 20 having different structures. The reaction
is of high importance because it is capable of converting the olefins from

the NAPhE SFAdking iFTeshoRsé fo' BhdfgesinBlefir Germants O HaaLn
it was found that the olefin metathesis reaction proceeded at a high

ProtERperatiid bf 7256 Witrort CatalySRI T Hbwavet -t Wak ot the 1nto

development of a catalyst having .
other kinds of olefins by metathesis reaction in the presence

of hydrogen gas.

BACKGROUND CF THE INVENTION

Saphtha 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 clefin 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 reacticn, olefins of the same or
different kinds are reacted with each other to yield olefins
havingdifferent structures. The reaction is of high importance
because it i1s capable of converting the olefins from the naphtha
cracking in respbnse to changes in olefin demands.

In 1931, it was found that the olefin metathesis reaction

proceeded at a high temperature of 725°C without catalysts.
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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 oxide supported on y-alumina. The metathesis reaction is

HOWeEGarsibIE, Ad tRAS therel 10tdbsRearFéqEmsiimYorfpbaitidn yEs having
example, in the metathesis reaction of ethylene and 2-butene into

an yyep\leRd, TE BuifiBFiMShiffse SUEK fHaiTnore PrepyieRe T prodticéat
lower temperatures. Studies have been then carried out to lower the .

SUPREAGtRIN BmperfaliigyPiniprovmgEatalysts: Prillips 18tPéthgleipdustrial
Company developed a method wherein a catalyst comprising tungsten

va leRide stipsorted ohsilivhs and aotéatalyst magiesiumhaokidelare Tisedja rst
combination. This method has been established as a propylene

net préductivnysocess by Lurmes Glolal f 4y 20 nwsesticdar; 1bSe Patent
No. 4,575,575 (Patent Document 1) and Journal of Molecular Catalysis,

PhiVol@28pPpridl ¢1885piiNensPatentbécumeert i) reportithatvehieh @ butene
metathesis reaction between ethylene and 2-butene is carried out at

we r330¢hintthel presencerof silicaysupportedingsternzdxide asw catalystdeun
3 conversion of butene is only 31%, while when magnesium oxide

oxide supported on y-alumina.

The metathesis reaction is reversible, and thus there
exists an egquilibrium composition. For example, in the
metathesis reaction of ethylene and 2-butene intce 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.S. Patent No. 4,575,575 (Patent Document
1) and Journal of Molecular Catalysis, Vel. 28, p. 117 (19%85)
{(Non-Patent Document 1) report that when z 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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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 t6 75%. It is also reported in U.S.
Patent No. 4,684,760 (Patent Document B)kg.hat when a co-catalyst ,
CONYHhTIiing Mayhesitiin bRide and fithfum 1o hyRrexige suppored o oxide
. 7-alumina is used, the butene conversion is maintained at 74% even at a
15 YS\wer tetnperalirB ot 270CE SHBweY L 1fté teaTlion tEMmpeRitiifgs ion 1s
described in the above documents (for example, 270C in Patent
enh35&indrit 3 dre still high considering the practical industrial process,

and there 15 are needed facilities such as heating furnaces in order to
achisVieesiich redétion tERpRTAIUNSS, for éxdmpleR 70 HE reactigent 2)
temperature in the metathesis reaction should be therefore lowered to a

repiavied thAES mord Bimplyrachievable by steaps heating Hor @xanfplethe use

approximately 200C. 20 To solve this problem, the present applicant has
of alreadyafouhdhatia siibasupponed tungsterx dideicatalysttinrted on

combination with a co-catalyst that is magnesium oxide or a system in
v-a whith sodiumeysisaxided scstippartet-on yfalumisacacbievgza drastically 1 so

improved catalytic activity in the 4 presence of a small amount of
rephydrogemivthe. reaction{Patentt , 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 scelve this problem, the present applicant has already

found that a silica=-suppoerted 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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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 time of period. However, the above
method requires the presence of hyérogen, although the amount thereof
is small. The hydrogen undergoges undesired reactions with ethylene_or_
Pre 3B hileRe, 10TE MR By eprotCn o eiharb bF Brofatie: Propang tont
that is by-produced in the above reaction reduces the purity of propylene
DociGaicdd.: THe TR prodifétion of efhdife tatsdd froGes probIémarEg ature
. when unreacted ethylene is recycled into the reactor, the ethane is
18 LONEEAtrated it YA At dT the SyIER- IpiBI5 481 647 aneT
(Patent Document 5) and JP-B-S57-13532 (Patent Document 6) describe

 sel gkt trdgenti REEH Fi the TRBEAITESIS FEACHOITIN B predRice R er ature

~ catalyst in which molybdenum oxide and rhenium oxide are supported on

1s Gé?raﬁ%m%ﬂtzo Thekd pafshtCdot tifiehisdd Hob Aadieadnbfdrmationdstr time
by-products by hydrogenation, and are silent on superficial velocity.

of PeatefiDocument 1] U.S. Patent No. 4,575,575 [Patent Document 2]

U.S. Patent No. 4,754,098 5 [Patent Document 3] U.S. Patent No.
4,6840v6Ger, the above method reguires the presence of

hydrogen, although the amount thereof is small. The hydrogen
undergoes undesired reactions with ethylene or propylene,
resulting in by-production of ethane cor propane.

Propane that is by-produced in the above reaction reduces
the purity of propylene produced. The by-production of @thane
causes process problems, 1.e., when unreacted ethylene is
recycled into the reactor, the ethane 1s concentrated and
accumulated in the system.

JpP-B-548~16482 (Patent Document 5) and JP-B-3857-13532
{(Patent Document 6) describe that hydrogen is used in the
metathesis reaction in the presence of a catalyst in which
molybdenum cxide 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.

fPatent Document 1] U.S5., Patent No. 4,575,575

[Patent Document 2] U.S. Patent No. 4,754,008
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[Patent Document 4] WO 2006/093058 [Patent Document 5]
JP-B-S48-16482 [Patent Document 6] JP-B-S57-13532 5 [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 prc?’cess for efficiently producing olefins

int resence of hydrogen gas while suppressing the _by-production of
parll%i s%ha ;ﬁr%%gg For p%d%c‘iﬁg o%eafih%Pb? %’etét’h%%fls’ r?—:‘ tion
comprising feeding an olefin gas to pass the olefin through a 15 catalyst
bed 'ﬁ?ﬁ@ﬁe@éﬁ%%ﬁyd%g&? g%@%ogééjr?\;eé?ée olefin into another kind
of olefin, the catalyst bed comprising a catalyst including at least one
metéﬁﬁg%dwmﬁargréﬁp Corsisting of %’fw&sten, molybdenum,
rhenium, niobium, tantalum and vanadium, and a co-catalyst including a

basie*rfpount? RRURG2Fat leastone hietal Sefected from the group

consisting of Group la (alkali metals), Group lla (alkaline earth metals),

Grolip it BRBGro P 6T the beriodit fabte, thefimprévehaentatalysis,

comprises controlling the superficial velocity of the gas passing through
Volthe’Catalyst bed to bg@]?io 2.0 m/sec. 6 In the general metathesis

reaction, the superficial velocity through a catalyst bed is usually about

0.001 m/sec

SUMMARY OF THE INVENTION

It is an cbject of the present inventicn to provide a
metathesis reaction process for efficiently producing olefins
in the presence of hydrocgen gas while suppréssing the
by-proeduction of paraffins.

In aprocess for producing 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 ancther kind of clefin, the catalyst bed comprising a
catalyst including at least one metal selected from the group
consisting of tungéten, 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 IlIa (alkaline earth metals), Group
IIb and Group IIia of the pericdic table, the improvement
comprises controlling the superiicial velocity of the gas

passing through the catalyst bed to 0.01 to 2.0 m/sec.
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to ensure a sufficient contact time with the catalyst. It has been found,
however, that at such a low velocity, the olefins 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 corftact time with the catalyst. In the
present invention, the gas is passed through the catalyst bed at a very

high R 0%t efitiarielodif i the Faye 676016 2.6 WisEErsy b
the olefins into contact with the catalyst in this manner, target olefins are
Vel?ﬁé&&’céﬁ‘éﬁi‘éﬁht@ Wil skippresdmgithe YSitRation é‘f(’@l’br&&@ésﬁb{rﬁec
as paraffins. In_detail, in the metathesis reaction of ethylene and
Lo puiehe BIESHFOIRAG the Blipérticial Belothy bf the gadthloth-thel t has
catalyst bed at 0.01 to 2.0 m/sec enables efficient formation of the target
beerprjpylede drbredttes #ie anfduritofbypréduced puraffins silth adefins
ethane and propane. 20 ADVANTAGES OF THE INVENTION According
reagd thé efil proddativhepraessigfdhe present imension, te'gas isatalyst
passed at a high superficial velocity, and therefore the starting olefins and
to yeltoger gasfre s cditacPwithehe netathesisiedotion datalyst forat the
short time. 7 The contact time is such that the olefins are converted into
conotherikindsiob dlkefins bHutithéhydedgertationof thecal éfimsds esuppressediire
Thus, the undesired formation of paraffins in the
a long contact time with the catalyst. 1In the present invention,
the gas is passed through the catalyst bed at a very high
superficial 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 produced efficiently while
suppressing the formation of by-products such as paraffins. In
detail, in the metathesis reaction of ethylene and Z2-butene,
controlling the superficlal 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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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 Examples 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
The BN Wit Be destribet in detil. 15 1f it proteds for BHSEiEGd tRto

olefins by the metathesis reaction in the present invention, a catalyst and
OLher c6dktalySE dte UselInBOmbitatioN TRE Batalystused inthednventioh +3

contains at least one metal selected from tungsten, molybdenum,

SUPLRBARAT niobitiT 2O EHALRT ARG Fanadidt OriRs L aridstdns in the
molybdenum and rhenium provide relatively high catalytic activity. In

reagigrficulas the 8@t having tungsten shows higher activity. The metallic
catalyst may be an oxide, sulfide or hydroxide of the metal. These may be
used singly or two or more kinds may 8 be used in combination. The

metal compound may be supported on a carrier. The metathesis reaction
BRI atdlzéeRby HOlb e ToaktalyBHi8 Préferably a fixed-bed flow reaction. In

the fixed-bed flow reaction, the catalyst is preferably an oxide
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 Examples

1 and 2 and Comparative Exampies 3 and 5.

BEST MODE FOR CARRYING OUT THEVINVENTION

The production of olefins by the metathesis reaction
according fto the present invention will be described in detail.

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,
tantalum and vanrnadium. 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 may be used singly or twe cr more kinds may
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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 m2/g. The carrier is preferably a non-acidic
compound because an acidic carrier induces 10 oligomerization of olefins.
Examples of the carriers include silic&, y-alumina and titania, with silica
being preferable because of large surface area. In the use of silica as the

Pe Usfter ICAROIAT o the mefaISGpFoneaTR IS BRExiR RISRRIABY OF
in the range 15 of 0.01 to 50 wt%, and more preferably in the range of 0.1

3 CREIGWtoe rétatietthecariier Themetal Eimpolind {citilyshEimay bes
supported on the carrier by various methods. An exemplary method in the

Cat 3 4¥E of HrditdemiRtoXide drike Hidtad of trig st #rdigBdendm ¢heo

. rhenium is described: A polyacid or an isopolyacid of the metal compound

LLXF sidl, bf @ difAfonivh sallot the peHyHEEE, 6F aR tahRTcHdm Sl sixide
the isopolyacid is used as a starting material. The starting material is

of tﬁé?rﬁ‘&iﬂiﬁt{)boﬁ%q@ébﬁ@%di@ﬁcﬂﬁ ‘afdt e ealiel s soakBdthareit Theated

solution is then evaporated 9 to dryness, and the residue is calcined at a
DY ¢erhpérstiire™df-300C or higher in an oxygen atmosphere. As the carrier
used herein, a commercially available carrier may be used without
modificatio riea iEaisoipossibfel vst 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.

Exémples 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 Qt% 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
rhenium is described: A pclyacid or an isopolyacid of the metal
compound or metal, or an ammonium salt of the polvacid, or an
ammonium salt of the isopolyacid is used as a starting material.

The starting material is formed into an aguecus solution, and

the carrier is soaked therein. The sclution is then evaporated
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5 of a carrier that is obtained by reacting a salt of a corresponding 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 metal saltfor the carrier and the synthesis of

the carrier and the supporting, of the metal compound catalyst are o
£0 e BtISl” RSB DAL THE Catmiar R SoAsrally ToMeF it a0

various
shapes such 15 as sgpherical shaﬁﬁs, cylindrical shapes, extruded shapes

OT e TrushedBhased The itk SFthe Shaped particles is not limited as
long as the particles can fill a metathesis reactor, and is_generally in &?e
rarfi GTEOT 15 166 i Rt presknt AvERIBI e above EABIyStHL =
used in 20 combination with a co-catalyst. Examples of the co-catalysts

CarnicH TR vEHtdtinchie aiNPodnds bft iatal Sldfmenits® bEfORGING 16+
Group la (alkali metals) , Group lla glkaline earth metalsil, Group Tlb

of feREFITF IliaGtthé PefiBdrR taBR. THed& 2 OmpouridsSmay befused
singly or two or more kinds may be used 10 in combination. Of the metals

COY YR HRO TS OFs BE e patiddic fabté s Rthfulfl, SodiGr pBeassitfn T&sidrh DY
magnesium, calcium, strontium, barium, zinc and yttrium are preferred.

hydne sl PatemiNog 4,575,875, 4,754,098 and 4,684,760 (to

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 catalyét 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 simultaneocusly
carried out.

The carrier is generally formed into varicus 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 f£fi11ll a metathesis reactor, and is
generally in the range of 0.01 to 100 mm.

In the present inventiocn, the above catalyst is used in
combination with a co-catalyst. Examples of the co-catalysts
used in the invention include compcunds of metal elements
belonging to Group Ia (alkali metals), Group IIa (alkaline earth
metals), Group ITb and Group I1la of the pericdic table. These

compounds may be used singly or two or more kinds may be used
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5 Phillips Petroleum Company) describe that magnesium oxide is
essentially used as a co-catalyst. In the present invention, magnesium
oxide 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 aétR/ity 10 for the metathesis reaction.
These compounds may be used s_inglé or two or mare kinds may be use

d
i CHFEoRbirition. The CoscatalyStinay bera Soke stats SHdiFas Okt ~oP -

_hydroxide, nitrate or acetate. Such metal compounds may further contain
LIt rgtHBy iR ExampliesSoiistith (B SatalystdRRtR Dfer s MRtdls clude
hydrotalcite that is a layered double hydroxide of aluminum and
s LR adHEsIuRR BheM slid Soldfieh BF Afmifum Skide Efirmagnesium
oxide obtained by calcining the hydrotalcite. The oxides, mixed oxides,

hydfoRideda B60HleNRIrokidad cnifrafes ndHtetatés dhthé nidtdls thly (to

~ be supported on carriers having 20 a large surface area. The carrier for
Phlkﬁé@@%ﬁﬂé@@ﬂ%ﬁﬂeﬁﬁ@ﬁ?ﬁyéoﬁﬁéGﬁdhﬁaﬁ@@@éﬁ@ﬂﬂﬁﬁ@ﬁ@@ﬁ?%@@nls
after the co-catalyst is supported thereon, because an acidic carrier may
e ssqnducel dligeasstization of otefiris: 17 s Prefekfedc&éarnples st the capigrson,
for the co-catalysts include y-alumina, zirconia and titanic. They may be
nagnysedsinglyl & thvo Be moreckingds Maybesssedtihacbabihation SEheep Laced
surface area of the carrier is preferably not less than 10 m2/g.
by or may be used in combination with compounds of metals such
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,
hydroxide, nitrate or acetate. Suchmetal compounds may further
contain other metals. Examples of such co-catalysts with other
metals include hydrotalcite that is a lavered double hydroxide
of aluminum and magnesium, and a 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 carriers having
a large surface area.

The carrier for the co-catalyst is preferably a compound
that does not show acidity even after the co-catalyst is

supported therecon, because an acidic carrier may induce

oligomerization of olefins.
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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 also usable, In the use of the

co-Cafalyst SGppEratohtheariel fie"dm&art ofthe CoEcRNE hietdf &

. Iinterms of oxide relative to the carrier is generally in the range of 0.01 to
incherG s 2and 5is preteribly i tRerhhgB bt 0.1 1690 Rish LA hRE & v
for the co-catalyst, a commercially available carrier may be used without

Or GHEdHiEaNGHT Use FSIsB2H0osSibIES5th darrfeP it i€ bbtined TyFedtting <©
a salt of a corresponding metal with a base by a known method and

aregafdinih 20°theresilting HyEr®adé s an-oxide Of thadheted ™°/9-
compounds as the co-catalysts, for example the oxides may be supported
on the Careie? Bydaivowr MERGAST In BA ExemplatyHétddanprate grd as
hydroxide of the metal is formed into an aqueous solution or suspension,

a Cagd e Eariehe2cissodkeovherbipc Thesotition vrisuspersion thatrea.
evaporated to dryness, and the residue is calcined at a temperature of

Use 3006C ©F tigherinian afr amgosphers. YWiatetisendahiar slpreparsesfrormieed
corresponding metal

metal oxides 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 also usable.

In the use of the co-catalyst supported on the carrier,
the amouﬁt of the co-catalyst metal in terms of oxide relative
te the carrier is generally in the range of 0.01 To 50 wt%, and
is preferably in the range of 4.1 te 20 wi%.

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 intoc an oxide.

Of the metal compounds as the co-catalysis, for example
the oxides may be supported on the carrier by known methods.
In an exemplary method, a nitrate or hydroxide cof the metal is

formed into an aquecus solution or suspension, and the carrier
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5 salt, a coprecipitation method may be used in which a metal salt which
will form the co-catalyst is added together with the metal salt for the
carrier and the synthesis of the carrier and the supporting of the metal
compound co-catalyst are simultaneously carried out. 10 The shapes of
the co-catalyst and the carrier for the- To-catalyst are not particularly
, limited. These are generally formed into various shapes such as spherical
1S S9@ped, GimtRicAr shapes: Bxtnidéd siapes dinf Brishitd shap8§ The
size of the shaped patrticles is not limited as long as the particles can 15
eV AR TiRtathBsATEaEHT afd i JeiferdfFnthe rafg€dt 651t 360 nm.
_ In the present invention, the metathesis reaction may be catalyzed by a
CempekAYStSystdm A Witiclk thé midtdthedis réZction” cﬁé&%‘i?%%féi(s)
selected from tungsten, molybdenum, rhenium, 20 niobium, tantalum and _
vart3idftiny Bfid thé toscatafysPiReRNs) selctled ffom B1oapTs (alkafFetal
metals), Group ha (alkaline earth metals), Group Ilb and Group llla of the

salperfodieRabie) até sSuppd e b theredrier togsther ¥8 iRt metal salt

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

whiqsorcatdlysteatalyst Weighthratiop s Jertaieirony other20i Whéh theetal
ratio is below the range, the hydrogen gas that is added in a small

sa Lanmounttifhthe avatatiesis 8 réacticrywitlhot proddcd safficant effectsnd the
When the ratio

supporting of the metal compound co-catalyst are simultaneously

carried out.

The shapes of the co~gcatalyst and the carrier for the
cofcatalyst are not particularly limited. These are generally
formed into various shapes such as spherical shapes, cylindrical
shapes, extruded shapes and crushed shapes. The size of the
shaped particies is not limited as long as the particles can
£ill a metathesis reactor, and is generally in the range of 0.01
to 1@0 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,
nichbium, tantalum and vanadium} and the co-catalyst (metal(s)
selected fromGroup Ia (alkalimetals), Group ITIa (alkaline earth
metals), Group IIb and Group IIIa of the periodic table) are

supportaed on the carrier together.
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exceeds the range, the amount of the catalyst is too small relative to 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 starting
matefials praferablyshbtid PdEEoRtin sliéh TBMBIn&tst ddtfmeftal id yst
the catalytic activity. Such impurities are 15 preferably removed by
relapficfently pulfyingthe Strting ColefisBy distifation, weisoktibat ratio)
extraction or washing before contact with the metathesis reaction
is qepglystl ExEESsive purification adBiseosts: amittheréreahevplfificatore
of the starting olefins is preferably performed 20 to satisfy both the activity
the dustHinabifity of theahetatliakie tafalystand thecoss-fonthé purificatiorsis
of the raw materials. Other materials such as nitrogen gas and hydrogen
reagas tratdrelinroduped itothe vddctoriaretprefdrably=as piireasthe ratio
possible. 14 The catalyst and the co-catalyst are generally placed in a
excegiwlricakreaoctare Thehwppenandiowér eéne portionsyofthe sreactor swe 1.1
filled with a-alumina balls or the like to hold the catalyst and the
releo-Catalyst irthecmiddleof theseaetor I5/1 is eftantthe casedhatthest, and
catalyst and the co-catalyst
the catalytic activity 1s noticeably reduced.

The activity of the.metathesis catalyst is drastically
decreasediﬂrmdisture contained in the catalyst, carbon dioxide,
carbon monoxide, diene compounds, mercapto compounds, alcchols
and_éarboxylic 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
olefins 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 thepurification of the rawmaterials.

Othermaterials such as nitrogen gas and hydrogen gas that

are introduced into the reactor are preferably as pure as

possible
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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 gds such as helium, nitrogen, argon or
xenon that is heated to 300C or above for at least 10 minutes, whereby
the ThéGistirecadsdtbed fo the caralystt thevéo-catefy st thidersl angd in
the a-alumina balls is removed. 15 The flowing of the heated inert gas is

a cydeneralyEfollovied by Tedutfy teathienttd atiatiethe amalysemy of the

' passing a heated reducing gas. The reducing gases used herein include

reagapbon nsoAoxide and liydrogehuThe zedadihg gas Bgenératlyt heateditdhe
not less than 300C and is passed for at least 10 minutes. 20 In the

cat pryddctiondofdiefirgeby e metathésis teactivhdd the opgreseat invention, -
olefins are converted in the presence of a small amount of hydrogen gas.
Thetéfdre, @venrif hsmad senblat 6fthydregen usedeaslithiétedacing igaby st
remains in the metathesis 15 reactor, such residual hydrogen gas does

o Lapet substantiafiy ceducectheagactioreyigldirethe metathiesis reactian. InSuch
the present invention, olefins are brought into contact with the metathesis

wat eatalyst aintoco: tgtatystithat are Hepredtedied as desciibed above the
whereby the olefins are converted into other kinds of olefins.

metathesis reaction, and is therefore preferably removed before

the starting olefins are fed. For example, the catalyst and the
co—~catalyst placed in the reactor may be expesed Lo 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 a-alumina 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 i1s generally
heated to not less than 300°C and is passed for at least 10 minutes.
In the production of clefins by the metathesis reaction in the
present invention, olefins are converted in the presence of a
small amcunt of hydrogen gas. Therefore, even if a small amount

of hydrogen used as the reducing gas remains in the metathesis
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The starting olef ins 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 ofefins. Examples of the olefins include
ethylene, propylene, 1-butene, 2-butene, 2-pentene, 2-hexene,

e A Fethyl F-Perttenie At 3 THEhPREDULERE. TIRgs: MaY b tsdd™ 5 Singly
or two or more kinds may he used in combination. For example, there may
redieenlobiticéd propyiene fibntletiylenes aha Z2hdtefRé Spropyéne and
1-butene from ethylene and 2-pentene; propylene and 1-pentene from
ethylBrie and R AgXéner PibpyleRe Sridisobatené froih HiRyieie-angontact
_ 2-methyl-2-butene; 20 and propylene and 3-methyl-l-butene from ethylene
"“’1t%nﬁhﬂ-rﬁ@ﬂ@@%“e}ﬁeﬁé@ﬁﬁé?h@ﬁ%t&t‘ﬁéﬁ%%é&ﬁdﬁ ishpdvetsible,
selecting the reaction conditions enables producing the starting olefins
Pretont fiee6lefifis pRotticeesif the Abdve "Exerfipldn feactios 1168 \When
two or more kinds of olefins are used in the metathesis reaction to give
congnbitRst oléfire tiid hotardbtidofthe dlefisiip-the starting materials is not
particularly limited. When ethylene is included in the two or more kinds of
olefifise tivg Sramountofsthyensiscpreferably redadessoverithe otham may
olefins. In the case of the reaction of ethylene and 2-butene to produce
be the same or different compounds from each other. Intheolefin
production by the metathesis reaction in the invention, a mixture
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 clefins include
ethylene, propylene, l-butene, 2-butene, Z-pentene, 2-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 Z2-butene; propylene and l-butene from ethylens and
Z-pentene; propylene and l-pentene from ethylene and 2~hexene;
propylene and isobutene from ethylene and Z-methyl-Z-butene;
and propylene and 3-methvl~l-butene from ethylene and
d-methyl-2-pentene. 8Since the metathesis reaction is
reversible, selecting the reaction conditions enables producing

the starting clefins from the olefins produced in the above

exemplary reactilons.
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propylene, the molar ratio of ethylene to n-butene (total of 1-butene and
2-butene) (ethylene/n-butene) is generally 1 to 50, and preferably about 1
to S. When the ratio is too small, 10 the reaction will preferentially take
place between the butene molecules. When the ratio is too large, large
facilities and energy are required to ¥&cover unreacted ethylene. In the
olefin production by the metathesis reaction, the starting olefins may be

brotlGREIMETERIRAFith the Tridtathedis- 18 2atySEahatoRaER/st st s
form a fixed bed, a fluidized bed, a suspended bed or a staged fixed bed.
reagiyhen &fixed e ROW Sppatafiisie packedWitld the 3tat8lydts &g clefins
~ described in the Journal of Molecular Catalysis, Vol. 28, p. 117 (1985),
in %he catedyst omd the 'l éatRyst MdyTo Be BhjsiBar ikediaid prcedinen
the apparatus, or the co-catalyst and the catalyst may be placed in this
ethpkgarcalohgl tHelditedioinhiiichiRe platéfidlFgds Rfassed> Thésas, the
packing methods may be used in combination. 17 In the olefin production
amepytvef nedtaiesie reaction f eegdyis passed #irougr the eatalystbededtia s -
superficial velocity of 0.01 to 2.0 m/sec. Preferably, the lower limit of the
In tSuperficial vélddity is€:014 ay/set, and e nppenriimitis 1:sBamiises, @l ce
the metathesis reaction is performed at superficial velocities in this range.
proghessuperfidial veldeity wiltiecexplaimed whethe Basisi—-butene (total of
l1-butene and 2-butene) (ethylene/n-butene) is generally 1 to
50, and preferably about 1 to 5. When the ratio is too small,
the reaction will preferentially take place between the butene
molecules. When the ratio is too large, large facilities and
energy are required toe recover unrszacted ethylene.

In the clefin 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 fluidized bed,
a suspended bed or a staged fixed bed.

When a fixed-bed flcocw apparatus 1s packed with the
catalysts, as described in the Journal of Molecular 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 thematerial gas is passed. These packing

methods may be used in combination.
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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/[71 x (Di/2)2] (1) wherein Di is an inner
diameter (m) of the reactor, and Fv is’a feed rate (m3/sec) of the raw
materials. 15 In more detail, the superficial velocity (Uavg) refers to the

velddity BF the §as T Nratenals] padsingthr6ightthe® metafifdsis 7 the
catalyst and co-catalyst. In the conventional metathesis reaction, the _
gas dpBAtRa Vel 98 16W ToTRaRe Kife i7st the StarERGOIfMAWIV 21ty
contact with the catalysts sufficiently. Therefore, the starting olefins are in
of Gohtactwith therhetithesiB at&yat ald cobGataystror hifdidtively IbR§
time. When hydrogen gas is present, the olefins are hydrogenated during
supesyEhJeRd cortast 1BY tinte CTRIS 4sHr654blya fo adth YorRe forfation Bfl - S
paraffins to a considerable level. The olefins are converted even if the
m/ s gpntastdirnkehawerhh telstariiy blefins dhd thelmentHesis catagstardal
co-catalyst 5 is greatly shortened. Any longer contact with the catalysts
velophtinvited the blefintgasgenation forming paraffins. Based on this
finding, the lower limit of the superficial velocity in the invention is fixed at
a véliyehighispetddevel asccomparedvill be explained on the basis
of the metathesis reaction on an industrizal scale wherein a fixed
bed flow reacteor permitting easy separation of catalysts is used
and a plug flow is produced. The superficial velccity (Uavg)
is expressed by the following equation (1):

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

wherein Di is an inner diameter {m) of the reactor, and
Fv is a feed rate (m®/sec) of the raw materials.

Iin 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 oclefins 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

is present, the clefins are hydrogenated during such long contact
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with the conventional art. The upper limit of the superficial 10 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 sufficienth? 15 The superficial velocity is
effective when the raw-material feeding rate per hour relative to the total

¢ imesatalyst Wéighe Toka Weight B BRe metathdSie cAriyst ahal cofcaapihf ins
(WHSV: 1/h) is in the range of 0.1 to 50 h"1, and preferably in the range

Lo pfERs 6 30HRR L theHRv-material 20 feeding rate (WHSV) is below the
lower limit, the contact time with the metathesis catalyst and co-catalyst is
longPéndbie: Haraflins are by-prodtiegd! f thed\aIsVas abovesetween
upper limit, the metathesis reaction does not proceed sufficiently. 19 In

the fheapreseatdnvention ane $fagting tidfinssdre priferabfcfédthiertheatalyst

) metathesis reactor with a small amount of hydrogen gas. The hydrogen

is qasahay behaddethincan abmount @193:05 to1096°by volume, thdcatalysts
preferably 0.08 to 5% by volume based 5 on the total volume of the gas

onltotal volamerof theestaning dlefinsyasiand frecrhydrogenrgds)iBy. Based
introducing the hydrogen gas in such small amount, the metathesis

on thtaysts nhhainfainttatalyteactivityrfor adénd times ifithe Enaowit ofelocity
hydrogen is less than the above range, the catalytic activity

in the invention i1g fixed at a very high-speed 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 clefins and

the catalysts i1s 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 welght (total weight of the metathesis catalyst and
co~catalyst) (WHSV: 1/h) is in the range of 0.1 to 50 hd, and
preferably in the range of 0.5 to 30 h™. If 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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10 may not be maintained. If the amount is more than described above,

separating the unreacted hydrogen increases burdens. Even though the

hydrogen gas 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 Iorilggtlme This long-lasting activity of

the metathesis catalysts probably contributes to the effective progress of

thelﬁe?ﬁ’tﬁegﬁéeréﬁgt{oﬁ BV fifetduperfidiarvetddty in tHe HovelmentiGned

range. The hydrogen is generally supplied continuously in the gas 20
pfe%%%b Wan@é{n %%éﬁlﬁof“ﬁ%’éﬁ vEtion, Hewever tﬂébrﬁ/d?oﬁféﬁ Lgasmrayt

be fed mtermlttentlﬁ i.e., the hydrogen gas may be added at the initiation
of rytiReyRetAREsis reAEBN ARAARE IRHPIVAHay BAEHRihAREIUARGHE OF
reaction and may be restarted after a predetermined time. 20 In the
0. O3nventien, fie Seakting olefirss BRE ke AYdioder§as are biought infee based
contact with the metathesis catalyst and co-catalyst. The hydrogen gas
on gy be tédoveredithibwibsiling Fractiohs frorPtHatdpot thétower and
may be recycled. 5 As described above, hydrogen is used in the reducing
stareatdentfor the catalysts! If sachydragen gamains 8yehnafiectheing the
reactor is purged with nitrogen, the residual hydrogen will help the
hydmetathesisscdmlysts-maimtaihltharaetivity atleastiét thewery begiriring of s
the reaction. However, the catalytic
maintain catalytic activity for a long time. If the amount of
hydrogen i1s less than the above range, the catalytic activity
may not bemaintained. If the amount is more than describedabove,
separating the unreacted hydrogen Iincreases burdens. Even
though the hydrogen gas 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
a long time. This long-lasting activity of the metathesis
catalysts probably contributes to the effective preogress of the
metathesis reaction at the superficial velocity in the
above-menticned 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

a predetermined time.
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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 olefin production by the metathesis reaction
according to the present invention, the hydrogen gas is continuously
supplied at a specific rate 15 to the rédktion system, and thereby the
metathesis catalyst and co-catalyst can be used stably for a long time.
Thelreabfisn tErhpetatire isGsually T the Farge or 160 35%00eS Mmgen
preferably in the range of 130 to 35Q0C. When the reaction temperature is

935 XRBNTER R theTeaction rate is 26 1owEhed, BnatthB i odu Gy of Tive 214
reaction products is decreased. When the reaction temperature is o

C0 - @R{rEMER high’ "§ide/ PHREBRSTGEL A ProdiReThBre By produdy Stftht +09
as paraffins, and the catalyst deactivation is accelerated. In the invention,

fragid s@fting Sfefing ant Wy ddgém are™ 2 PreRSateB2d apprédmatelf 100
to 300C, and are usually fed in the gas state to the reactor filled with the
metatheSRS Caldhpst ARPEG: catalist T rebetivs Predsuré e tHedbsverg
temperature may be a 5 reduced pressure, a superatmospheric pressure

t regiEpidspherict pressiire ISidRFthe Viewpeiit of YédQpR effiBpadys even
(reaction efficiency per unit volume) , the pressure is usually in the range

aftefOltety 200MPa, iah g preferablytih the vange of :05 toclol diRa. Wrdiepyen
this pressure condition, the metathesis reaction

will help the metathesis catalystsmaintaln 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
a.dded, and the reaction results will be eventually equal to those
obtained without adding hydrogen gas. In the olefin production
by the metathesis reaction according to the present inventicn,
the hydrogen gas is continuously supplied at a specific rate
to 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 mere by-products such as
paraffins, and the catalyst deactivation is accelerated.

In the invention, the starting clefins and hydrogen are
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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,4he reaction system may include

solvents or gases that are inert to the catalysts and the starting materials.
DreNERIdH: SRARPIE P ARane s ch 44 ndthaRE bthafie ropand Ted

and butane, and inert diluting gases such as nitrogen and helium. Such

in tdnstiems Ay b8 proSentsn 56 TMe feactioh sySte, Grimas bR Atrft®

to the reaction system to control the reaction. After the metathesis
catgeyétior? MHe FéactiorPpridtiticts are separated and recovered from the
catalysts, the starting olefins, the hydrogen gas and the like. In detail, the

targetdISTHRSE2 Care ST HER oM tRE rékéith mBRBRIBYF koY Pe &
method such as distillation, extraction or adsorption. The unreacted raw
redyrg@riakanay o recovBReratdiatisbE i the et iBA Systend g pheric
metathesis reaction to produce olefins may be 5 performed in any of the
presiguitephasechetfias phase ahd the fgasdighicomigdd pRrase: Preferdi ion
is recommended that the reaction is carried out in the gas phase from the

e £ £ Vishwpaint ot reaction effisiency . Uhehestefin prodaction @f the ipresentrange
invention, a
of 0.01 to 20 MPa, and preferably in the range of 0.05 to 10

MPa. Under this pressure condition, the metathesis reaction
will proceed smoothly. Excessively high pressures are
disadvantageous in terms cof 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 sclvents or gases that are inert to the catalysts and
the starting materials. Specificexamples 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 producis are
separated and recovered from the catalysts, the starting clefins,

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

Are BREHE A& “prohtibel hofé effecively THe FeadtibrPmaydtoRe thve SHch

reactors, of which two reactors are connected in series to stabilize the
as dbedefbetian befputSWhetrthbRattioR {5 E4mied 20 out mta NiffAsd-5Ed *2¥
flow reaction mode or in a moving-bed reaction mode, the whole or part
mategfie TAtaysReEmas HevRitRdraant itk B5elrédetoFSoftitiousR o ysten.
intermittently while newly adding a corresponding amount of the catalysts
to rafmtaintthehacivity Bt accertdin Teveh ZF s theorfinprodactiditby
the metathesis reaction, the metathesis catalyst and co-catalyst decrease
perfipehedtalptic ractivify Mth ek séadivatdd €atafStPhaghend the
regenerated to recover the catalytic activity. In general, the 5 olefins
gas-adspebetronee phiabsts afe plegedbwith ditrogercgasmand desel datalysisie
are oxidized with air or nitrogen-diluted air at a temperature of 300C or
readiigher. Wheathe avetabis timdgsten grsmplybdenfmythé catalysterapént of
further subjected to reduction with a reducing gas such as hydrogen or
reawarben afonoxidendhe

In the olefin production of the present invention, a
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
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 inveolve three
reactors, of which two reactors are connected in series to
stabilize the production output. When the reaction is carried
out in a fluidized-~bed flow reaction mode or in a moving-bed
reactionmode, the whole or part of the catalysts may be withdrawn
from the reactor continuously or intermittently while newly
adding a corresponding amount ¢f the catalysts to maintain the

activity at a certain level.
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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 Q-10 available
from Fuiji Silysia Chemical Ltd. (surface area: 300 m2/g, pore volume: 1
ml/g, 150 to 500 m) was suspended in the 20 solution. The suspension

was S8 Strdbritethpektlrefor-30 hifitéd Subsgtehty Wald? was'e
evaporated in an evaporator. 24 The resulting white solid was calcined
metafyet bf &fafteSHheis Gt 5BDEof b ¥iturs e esitinedprodGétimay t ¢
referred to as the catalyst WQ-10. Magnesium oxide (Kyowamag 150
activadistered-fradeémark) 5 nfa Efuted by KyonzeChemicdl i &éefry Co.,
Ltd.), which was fine powder, was compressed with a hydraulic press at
regenRyRgem L JoF 8GRiTRfeS IThesdompactavas et ErishetNafi§ g a L, the
particles were classified. The particles having diameters of 150 to 500 m
olefyare gssh IO ottt eatalystawe-4 DM 48 erobtHe nitghesiipn gas,
oxide were physically mixed and packed in the center of a SUS tube
and Wangareduter did@metereidls ey ahlinhéerdiametdr (DYeof-dil luted 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

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 Q=10
avallable from Fuji Silysia Chemical Ltd. (surface area: 300
m’/g, pore volume: I mi/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.



10

15

20

16 mm and a length of 2000 mm. The top and bottom of the tube were
filled with a-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 tp of the reactor at a flow rate of 20
100 ml/min, and the temperature was raised to 500C and maintained

conStint 165 hbiF BulsetfieAty, iorifap preasard $ydbyergasadd -
nitrogen gas were fed at flow rates of 20 ml/min and 80 ml/min,
atmpsgiictiveRt aPBH0E 60 fifGies SThefdeiter cAifbHEA gREMET was
supplied again at a flow rate of 25 100 ml/min at 500C for 2 hours. The
reLedihperatGrenas Miert fowerEd ttosbotdwhile supplying the nitrogen gas.
Liquefied 1-butene (purity: 99%, manufactured by Mitsui Chemicals, Inc.)
was PR by adZdption freamaacwit? 05 yahahifiaeNiKHD 24 emark)
manufactured by Sumitomo Chemical Co., Ltd.). After the pretreatment,
manefiyfdne aadty diogerr wakersuppliedrad flotratésof, 1 B7AL/iminwnic31 8as
ml/min, respectively, in terms of flow rates at 25C and normal pressure.
fingrrweipresswe msiterthesedoidribas adjusted 1o 8.5:MBa via & Wadks / cm?
pressure valve. The purified liquefied 1-butene was fed at 2.88 g/min to
for 3 minutes. The compact was then crushed and the particles
were classified. The particles having diameters of 150 to 500
Hm were used.

12 g of the catalyst WQ-10 and 48 g of the magnesium oxide
were physically mixed and packed in the center of a SUS 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 filledwith a-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. Subsequently, normal pressure
hydrogen 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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a preheater (200C) positioned upstream from the metathesis reactor. The
gas of 1-butene from the preheater together with 15 ethylene and
hydrogen were supplied to the reactor to initiate the reaction. In the
reactor (300C, 3.5 MPa) , the feed rate (Fv) of the raw materials was 2.87
x 10-6 m3/sec. In other words, the W%ibht hourly space velocity (WHSV)
100 R({})\;atwe,wei%ht of the raw materials 20 (g/h) to the total catalyst weight (g)

J5 R-1T T hfdf6den EontEntraliBh inHBFad HafeHAE Wag19FBy =3
volume. Tht? superficial velocity (Uavg) in the reactor was 0.014 m/sec
L0 i CthEMfoliBwiiPEquatioR (15 UaVG-GRE8E) I/ [n x (Dif2)2] (1) 26
wherein Di was the inner diameter of the metathesis reactor, and Fvwas
the'fe8d FateSst theTalvhsterRiE The preddurdfas Rifisted to RvritaF sul
pressure via the back pressure valve, and the reaction products were
Chemyigdmaticalif 5 satifleB L The $8fpRywasmaRzEt or-Ffe by gas with
chromatography. Based on the composition sampled 3 hours after the
y-alpgattion (RifidEoA dthetanede convarsiomwascalicateted teebé 70% 69 -,
deducting the total amount of trans-2-butene, cis-2-butene and 1-butene
Ltdn the outlet gas from the amount of 1-butene supplied. 10 The propylene
selectivity based on butene was 88%. Small amounts of pentene and
hexeheavereralsp yeheréd <Ofthediyityogere sapplistly 209gmaswere
consumed in the
supplied at flow rates of 1.87 1/min and 31.6 ml/min,
respectively, in terms of flow rates at 25°C and normal pressure.
The pressure inside the reactor was adjusted teo 3.5 MPa via a
back pressure valve.

The purified liguefied l-butene was fed at 2.88 g/min to
a preheater {200°C) positioned upstream from the metathesis
reactor. The gas of 1-butene from the preheater together with
ethylene and hydrogen were supplied to the reactor to initiate
the reacticn.

In the reactor (300°C, 3.3 MPa), the feed rate (Fv) of the
raw materials was 2.87 x 107°%n’/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'l. 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 equation (1):

Uavg (m/sec) = Fv / [m x (Di/2)%] -+« (1)
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by-production of ethane and propane. The reaction was 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 extenc?e%l period of time, and the
by-production of paraffins due tg . hydrogen was greatly suppressed. 2
BT DATAiE EXAIE TR Rt AR raa i WS b A BT peaes S
manner as_in Example 1, except that 0.6 g and 2.4 g.of the catalyst
and \{iH MBS ahll adissidh Tkide uSEF i BXample™ weré physically mixed
and packed in a SUS tube having an outer diameter of 18 mm, an inner
27 T&}gn?&%ﬁwr‘s%f%snﬁﬁJa%ﬂtf%ﬁgﬁ%h“aw.@ﬁﬁéléﬁtaw&st%?@aCk
pretreated in the same manner as in Example 1. The liquefied 1-butene
Pr e SpEdted Vi dlimind ad5SrptisRvds: fét BF & Tte'of 07E4S gAttinCEAG -3t LY
ethylene was supplied at a 5 flow rate of 87 ml/min in terms of flow rate at

sanpisl andTAGrSRIBrEs e, AHrB§ &4 \WAS hoTSuPPIRES THE PRAhTaERRDY -
gases were passed through the catalyst bed at 3.5 MPa and 300C. The
wehe RERTY Shacevaledin AR SYISLMHE WeigHEST #ie PAwmateRarst 1on
(g/h) to the total catalyst weight (g) was 10 5 h-1. The hydrogen

initconeéntration tn T Ve nTEef als Was1098 Hyrolgmes ThE supefficial’ s by

velocity (Uavg) from the above equation (1) was 0.0007 m/sec.
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, 20% was consumed in the
by=~production ¢f ethane and propane. Théreactionwascontinued
for another 40 hours, but the butene conversion did not decrease.

In the above reaction carriedout 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 a SUS tube having an outer diameter of 18 mm, an inner
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The pressure was adjusted to normal pressure via the back pressure
valve, and the reaction products were automatically 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@%13y deducting the total amount of
. trans-2-butene, cis-2-butene and 1-butene in the qutlet gas from the

4L oM it P b fere SO 20 T Bropyfene Seletiivity based oh 15t
butene was 88%. Small amounts of pentene and hexene were also

werey dirihtet? Afflongh Etfame BFpfEPARE Wb hotby-FrotRited the butene
conversion decreased to 0% in 10 hours after the initiation of the reaction.
28 [eBmparative Ekampie i thé protettirey of Chiparative BRimpe 125
were repeated except that a raw-material pming device was positioned

fed \igstreafitfréntthepreheattt ™Fhe paftfyirgrdsice wadss sEiPubess! 2t 2

(outer diameter: 18 mm, inner diameter (Di) : 16 mm, length; 700 mm)
flovilrptfith & § At 28 §lofthe-CataRsP OUO AR aghestimC oxite normal

respectively. Prior to the reaction, the catalysts in the purifying device
Presferecheatet 3 HYE Prasehcecot riitegen; then fatticedvithjdrogendases

and heated again in the presence of 10 nitrogen, and the temperature was
werdowerestd dhbient ! THe saferhaterial ghsWaspassedhroughthédd C.

purifying device and thereby impurities in 1-butene such as butadiene

We&m@nwpmm@y nourly 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 0%
by velume. 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 sanmple 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-Z-butene and
l-butene in the outlet gas from the amcocunt of l-butene supplied.
The propylene selectivity based on butene was 88%. Small
amounts cof 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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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 sampled 1 hour after the reaction initiation, the
butene conversion was calculated to45e 70% by deducting the total
c amount of trans—2-b¥tene, cis-2-butene and 20 1-butene in the outlet gas

[ComRsHR Hie dmotiE B 1Sutene supplied. The propylene selectivity based on
butene was 88%. Small amounts of pentene and hexene were also
generiell” BARHE 6° propaERAs ot BY-prdaited and it hutsmeated
conversion did not decrease during 20 hours after the initiation of the '

SXCqRIctidi? 292 ThE e SGits 6f Ebniparathvé Exarifie s Shdwed Bt idy- °ned
thoroughly removing the poisoning substances from the raw material

uPS e LRt atysiShindiRed actiVe for ahiekterRded Y pefiotifst finrdlS tube
However, such thorough purification is too 5 expensive to be performed

(OUGRTAR IR scfe™ i tHe prseht #ivRRtiSn  tHe' raw Eteridl ARBGRAe’ OV
is purified using y-alumina, and the purified 1-butene is used in the

mm) rhéthifesiy ¥eachon. Ihelraw matéried LhGrehess Purifiédasa Miganesium
level, the metathesis catalysts will remain 10 active for a further extended

oxigericeefarne viddWever r putiffindg-the kot atatenialsagdsdambysgstsin the
Purification such as purification of 1-butene with y-alumina in Example 1

purtciistily device were heated in the presence of nitrogen, 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 purifying device and
thereby impurities in l-butene such as butadiene were completely
removed by adscrpfion.

The pressure was adjusted to normal pressure via the back
pressure valve, and the reaction products were sutomatically
sampled. The sample was analyvzedon-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 amcunt of trans-Z-butene, cis-Z-butene and
I-butene in the ocutlet 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 Z0 hours after the initiaticon of the reaction.
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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 25C and
normal pressure, i.e., the hydrogen eohcentration was 1% by 20 volume
relative to the raw materials. Based on the composition sampled 3 hours
after'tfie T8O iMtiafiiTRAE Butehe CorvETsiGn wadh&it&ilatelatd by
70% by deducting the total amount of trans-2-butene, cis-2-butene and

thorl%ﬁﬁéiné ih $HE BLREt GASHrBM Ferarmcurit ¥ AtBatené stipplied 30 THe
propylene selectivity based on butene was 88%. Small amounts of

mat fehiend ahe Hoxdrntwerd alsodensiatat oftheChydidgents@splrst: ended
90% was consumed in the by-production of ethane and propane. The

P ¥8&ctivh WaBTontihted f6ranGtheh 26 B surghomuhé butshelconviersibao
did not decrease. [Comparative Example 4] The procedures of

exXpIEhparativeBxarmplé 3werk mpeated eXxeeptthat thed®yidrogen gas was
fed in the metathesis reactor at a flow rate of 0.7 ml/min, i.e., the
hydfogeneopcesrfteationi 104vas 0590 by volurme relatvelolthérawtene is
materials. Based on the composition sampled 3 hours after the reaction

pur irfitistion; shedyteneiconversiandvashealsulaied talbe /0% bye is used in

the metathesis reaction. If the raw material i—butene is
purified to a high level, the metathesis catalysts will remain
active for a further extended period of time. However,
purifyingtherawn@teriaisaddslargecosts. 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 hydrcgen concentration was 1% 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-Z-butene and

l-butene in the cutlet gas from the amcunt of l-butene supplied.
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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. 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 efttane and propane. The reaction was
continued for anather 20 hours, but the butene conversion did not

The gEGBEED Bfot e dbove Féstits, BYerrthotigh Blddighs washdt *
removed sufficiently from the raw material, the catalysts maintained the
amougdRity foPsi ERRRIEE PHBYUTIIINE BF the: SRS AffogeRt the
However, the addition oI hydrogen also 31 caused by-production of
hydnogafingUinkichaWas ABFavsided Sifipe By tBnirbifing thé ARtbimE of ©f
hydrogen. [Comparative Example 51 The reaction was performed at 3.5
ethayip @t Bo0EAR the Stife IS ATdrrE: a5tk Comparatie Exanfprether 20
except that the catalyst WQ-10 and magnesium oxide were used in
hourgmolits dfl1e2 gl 8cgrEspectivelyd sk iflefRecpatthe was fed at
a rate of 0.29 g/min, and ethylene and hydrogen were supplied at flow
[Compatesa bt 180 FxAminlandt3 ml/min respectively in terms of flow rates 10 at
25C and normal pressure. The weight hourly space velocity (WHSV) of
the Theigbtrofc b rass mate fals gy to the oralrcatalyst weight (@ veas &2
h-1. The hydrogen concentration in the raw materials was 1%
except that the hydrogen gas was fed in the metathesis reactor
at a flow rate of 0.7 ml/nin, i.e., the hydrocgen concentration
was 0.5% by volume relative to thé 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
l1-butene in the outlet gas from the amount of i~butene supplied.
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.

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 alsc
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by volume. The superficial velocity (Uavg) from the above 15 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-2-butene, cis-2-butene and 1-butene
in the outlet gas from the amount of 13butene supplied. 20 The propylene
selectivity based on butene was 88%. Small amounts of pentene and

causfpént werS HIRbIgeherhtBar of e hy drbgér stppliearggup Wi simply

consumed in the by-production of ethane and propane. The reaction was
by comtinged idraridthe PO WSS T bittAE Biféhe conversion did not
decrease. From the 32 above results, at an increased (compared to
[Congemparativei=samaple ) superficial velocity of 0.0014 m/sec, the catalytic
activity and the maintenance of catalytic activity were equivalent to those
achidved sgcoriing w6 theprésentidventivnd bwveverd tR8 & By iprdeetiorme
of paraffins due to hydrogen was not substantially suppressed. [Example
mani2d YWe3/Si02 amdimagiesiantexite Weré preparedtactbeding te thetalyst
processes described in Example 1, then shaped. 180 g of the 10 shaped
WO-WO03/8102gne 550y okthieshaped msaghesiuamoxide svere physigadyd 4.8
mixed and packed in a SUS tubular reactor having an outer diameter of
g redemmyahynnendidmetss {DEDOL 412 rame avdsaiengtitof 2-m: 240 gaf2 2

the shaped magnesium oxide was
g/min, and ethylene and hydrogen were supplied at flow rates
of 180 mil/min and 3 ml/min respectively in terms of flow rates
at 25°C and normal pressure.

The weight hourly space velocity (WH3V) 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}) from the above
equation (1) was 0.0014 m/sec.

Based on the compositicn 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-Z-butene énd
I-butene in the ocutlet gas from the amount of 1-butene supplied.
The propylene selectivity baséd on butene was 88%. Small
amounts of pentene and hexene were also generated. Cf the
hydrogen supplied, 88% was consumed in the by-production of
etﬁane and propane. The reacticon was continued for another 20

hours, but the butene conversion did not decrease. From the
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further placed on the upper surface of the mixture. The top and 15 bottom
of the reactor were filled with a-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 temperatdre 20 was raised to 550C and
maintained constant for about 10 hours. Subsequently, hydrogen gas and

abOoVRitHRyER s Wdrefed REAGR Sated SPIF F/tin-anH 907 TAhihy ¢ Brample
respectively, at 550C for 3 hours to reduce the catalysts. Thereafter,

1) SHRRIGEA S WESL 3Gpbied Bghid &t 4 flolw Pste SPF0ZE TN Bt S50t fori Ty
24 hours. 33 The temperature was then lowered to 300C (reaction

and tehfperatbid): DiiiesSsupblyiadg e Ritreger Hak i The NiEcyeHiydy dasithert ©
switched to the reaction gas, which was supplied while controlling the

thogptembl presd e 2R 18 2IMRalig the Dack pressigretviaie. Tise eactiort he
was thus initiated. The reaction gas was composed of ethylene, a mixture

by-mwfocormpoandsinithrs Earbon dtors{Herdinaften ake raférradoptagthe 1Ly
C4 mixture), and hydrogen. The C4 mixture contained 10 2-butenes

supdineludidg cis-isomer and trans-isomer), 1-butene, isobutene, isobutane
and n-butanes. The C4 mixture had a typical composition of which 50 to

[ Ex@fbwtdo aNas accounted for by n-butenes, i.e., 2-butene and 1-butene.

W03/810,; and magnesium oxide were prepared according to
the processes described in Example 1, then shaped. 180 g of the
shaped WO3/S510; 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 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 o-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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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 25C and normal pressure. In the reactor (300C,
2.7 MPa), the feed rate (Fv) of the raw materials was 7.6 x 10-5 m3/sec.
In other words, the weight hourly sp%%e velocity (WHSV) of the weight of

the raw 20 materials (g/h) 1o the total catalyst weight (g) was 7 h-1. The
The { R AR e TR ot Al faCt T By FED FhEEore)
. .superficial velocity (Uavg) from the above equation (1) was 0.055 m/sec.
whilgy W?&%%ﬁo&%& d'was sdmpletfthrough a sampling line branched
upstream from the back pressure valve, and was analyzed periodjcally by

gas BhrdthatodPaphy? Bassd o e cAHpoSitish sEmpied 24%sUrs Akef 25/

. the 5 reaction_initiation, the butene conversion was calculated to be
whicgB B85 by Yttty the totaFambint of- Ibutéife aRd EbGdEnB MtRBTS &t
outlet gas from the total amount of 1-butene and 2-butene in the C4
2.7 Mbdure: ofthé hyardgen stipptied, 2% Fas cohgumedcinithe was thus
by-production of ethane and propane. The reaction was 10 further
initchhiifiled, and the butene conversion was 58% after 500 hours after the
initiation of the reaction. [Example 3] The procedures of Example 2 were

repeatedreREEptINatthe HydrogeRyasafas fe¢ ithesmetathesis¥68edr oL
at a flow rate
compounds with 4 carbon atoms (hereinafter, alsc referred to

as the C4 mixture}, and hydrogen. The C4 mixture contained
2-putenes {including cis-isomer and trans-isomer), l-butene,
iscbutene, iscbhutane and n-butanes. The C4 mixture had a
typical composition of which 50 to 60 wt% was accounted for by
n-butenes, i.e., 2Z2-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 and normal
pressure. In the reactor {300°C, 2.7 MPa), the feed rate (Fv)
of the raw materials was 7.6 x 107° n¥/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 7 h™'. The
hydrogen concentration in the raw materials was 1% by volume.

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

0.055 m/sec.
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15 of 12 1/h in terms of flow rate at 25C 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%. Of the hydro?en supplied, 20% was 20 consumed
in the by-production of ethane and p o‘lpane. The reaction was further

d, and the but i 53% after 500 h fter th
A B g TEATRC [ERAm PR ALAS THezbrbeEal cEeBEndiplo 2

were repeated except that the shaped magnesium oxide was replaced by
oran Heaan Erodet of TbGRESAN DEASAMRAA bYtte SBAMERAGH Lo
(MgOAI203). obtained by calcination of hydrotalcite (the shaped product 5
per Ja‘?/(gﬁﬁﬁl%lfi‘[orﬁWﬁﬁﬁ CHETREAIS® AP After 24 hours after the initiation of
the reaction, the butene conversion was 71%. Of the hydrogen supplied,
2098355 ORsRRAGATRE BY prBBuGRIFFGEtharite ARl propdrie THe e
reaction was further continued, and the butene conversion was 10 65%
reagierB0bhours aler thesiiftidtion Bt the REHERSA PCotbarReExdhpe 0

%Th"e procedures of Example 2 were repeated except that hydrogen was
be Got Hedet I8ReI4 ReurS ftep e iMllitiohtoPthe réattiBRetie A 5 bitehene

conversion was 70%. The butene conversion decreased to
in the cutlet 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
further continued, and the butene conversion was 58% after 500
hours after the initiation of the reaction.

[Exanple 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%. 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
53% after 500 hours after the initiation of the reaction.

[Example 4]
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40% during 500 hours after the initiation of the reaction. From the results
of Examples 2 to 4 and Comparative Example 6, the addition of hydrogen
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 “0.055 m/sec. INDUSTRIAL
APPLICABILITY In a process for ﬁroducing olefins b{g metathesis

reactibh BCESMPREHY feddiRG RN IEMR Tk foPac the SREfRRfrdigHat e
catalyst bed in the presence of hydrogen gas to convert the olefin into
ShaR&giHe: KiF ot Blefif e dRSlySERPESTpRYing a5 CaRFFstiradding £+
least one metal selected from the group 5 consisting of tungsten,
mag%ﬁ;}ﬂﬂérﬂﬁﬁ,%éﬁﬁﬁﬁ‘}ﬁ%ﬁitﬁfﬁltgﬁtaﬁﬁﬁ ighdPGanaditmm, A%y A1202)
co-catalyst including a basic compound having at least one metal
obtadferfbd omithe Giblip Sonsiktiiy BF &Faur 18 falkah etaRy aCrdiparct
(alkaline earth metals), Group Ilb and Group llla of the periodic table, the
avaimpRoveniert 1 0 toripris €3 edrtFslingy thersuperficial velocity of the gas
passing through the catalyst bed to 0.01 to 2.0 m/sec. According to the
invehibA ftardeb elefinsadreqsiobiged i hightisldscWhileside aeactions the
forming paraffins are suppressed. In the production of propylene
butgpeordingortheqresent 15%nvefifiory bs anvekampla, thevfokadend¥s was
propane which reduces the purity of propylene is suppressed. Moreover,
congthtep@ in the by-producticon of ethane and propane. The
reaction was further continued, and the butene conversion was
€5% after 500 hours after the initiation of the reaction.

[Comparative Example 6]

The procedures cf Example 2 were repeaited except that
hydrogen was not added.

After 24 hours after the initiation 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
6, the addition of hydrogen 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 APPLICABILITY

In aprocess for producing clefins by ametathesis reaction
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formation is also 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 20 does not require large
amounts of energy for the separation of by-produced paraffins such as
ethane, and olefins are produced sa?éy and with superior advantages
from process and economic standpoints. 37 CLAIMS i.In a.process for
Comiiding SRl Smradls FEALtCR CRRGG feeding art eRRE™ 2
s to pass the olefin 5 through a catalyst bed in the presence of ,
cat yHFotggﬁ gas tb oRvért The olefid it 36t AInd of Blefn th& tamyt +»
. bed comprising a catalyst including at least one metal selected from the
Q53 EOisthig Of ingRHSHT. mly b T AR SREbT Gt =
and vanadium, and a co-catalyst including a basic 10 compound having at
cat 3dast onenntit sefedéd Homt the Brodp® %Bt]rs%ﬁtlr& of Bfodip T4 (AR5l FrouP
metals), Group lla (alkaline earth metals), Group lib and Group llla of the
Congafibdicdable MR fhprovatReMtEbRpiting eehtrolling tHesupkrfisan ta Lum
velocity of the gas passing through the catalyst bed to 0.01 to 2.0 m/sec.
and ygpagpaProtedsiaeeording to eaiti £ WRdrethite§as sapjeeteté aielng
metathesis reaction contains the hydrogen gas and the hydrogen gas
at kresinaforeoslo 19.6% I8 vdluRe he group consisting of Group

Ia {alkali metals), Group IIa (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 to 0.01 to 2.0 m/sec. According
to the inventicn, target olefinsg 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 also 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
dees nct require large amounts of energy for the separation of
by-produced paraffins such as ethane, and olefins are produced

safely and with superiocr advantages from procesgs and eccnomic

standpoints.
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the total volume (100% by volume) of the gas. 20 3. The process
according to claim 1, wherein the metathesis reaction is performed at 100
to 500C.

37

CLAIMS

1. In a process for producing olefins by a metathesis
reaction comprising feeding an olefin gas to pass the oclefin
through a catalyst bed in the presence of hydrogen gas to convert
the clefin into another kind of olefin, the catalyst bed
comprising a catalyst including at least one1netal selected from
the group consisting of tungsten, molybdenum, rhenium, niobium,
tantalum and wvanadium, and a co-catalyst including a basic
compeund having at least one metal selected from the group
consisting of Group la (alkalimetals), Group IIa {alkaline earth
metals), Group IIb and Group IITa of the periodic table, the
improvement comprising controlling the superficial velocity of

the gas passing Through the catalyst bed to 0.01 to 2.0 m/sec.

2. The process according to claim 1, wherein the gas
subjected to the metathesis reaction contains the hydrogen gas
and the hydrogen gas accounts for C.05 to 10.0% by volume of

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

3. The process according to claim 1, wherein the

metathesis reaction 1s performed at 100 to 500°C.



