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DESCRIPTION METHOD FOR REACTIVATING METATHESIS
CATALYSTS, AND OLEFIN PRODUCTION PROCESS INCLUDING
REACTIVATING STEP 5 FIELD OF THE INVENTION [0001] The present
invention relates to a method for easily and effectively reactivating a
degraded metathesis catalyst that is a combination including a catalyst 1
comprising a compound 10 thatqontairs;ahjeast one metal element
selected from tungsten, molybdenum and rhenium and a catalyst 2

MECQMBrising ak least phesalRciedFam magnesiyl oxideand catgined pry

hydrotalcite, by contacting the catalyst with water at not more than 50C

Or Waeh NARQITNOb K dBan /9GRS nyenlion d)se- 1R delates o an

olefin production process by a metathesis reaction including a step of
performing the reactivating method. BACKGROUND OF THE
INVENTION [0002] 20 A metathesis reaction involves identical or

TE ' %%n%glﬁfigﬁm,@f%&eacted with each other and affords olefins

aving a differing structure. This reaction is very advantageous because it
{OO(‘):? cope with changes in olefin demands. [0003] 2 Olefin production
processes by a metathesis reaction have

The present invention relates to a method for easily and
effectively reactivating a degraded metathesis catalyst that
is a combination including a catalyst 1 comprising a compound
thatcontainsatleastonex@taielementselectedfromtungsten,
molybdenum and rhenium and a catalyst 2 comprising at least
one selected from magnesium oxide and calcined hydrotalcite,
by contacting the catalyst with water at not more than 50°C
or water wvapor at not more than 170°C. The invention also
relates to an olefinproduction process by ametathesis reaction

including a step of performing the reactivating method.

BACKGROUND OF THE INVENTION
[0002]

A metathesls reaction involves identical or different
olefins that are reacted with each other and affords clefins
having a differing structure. This reaction is very
advantageous because it can cope with changes inolefin demands.

[0003]
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been reported. For example, Patent Document 1 discloses a process of
producing propylene by a metathesis reaction of ethylene and 2-butene
using a catalyst mixture that contains 5 a silica-supported tungsten oxide
catalyst WO3/SiO2 and a magnesiuin oxide catalyst. Patent Document 2
discloses a process of producing propylene by a metathesis reaction of

ethylene and nhutens wherenhe catalytic achivity i3, drastically o+ 1 o have
improved by using a catalyst mixture containing 10 WO3/SiO2 and

beedN3RSUM oXide-gr.calcined hydrotalcite in - combination wit%ﬁssmaé'ses a

amount of hydrogen. [0004] However, the metathesis catalysts lower

pro@&H%i_tyo‘&’”%EBH%’JE‘R%Q'b@%‘ﬁ%%%i‘%?a%sﬁg%ﬂ%@ lependin tofﬁ%5 of

reaction conditions, starting types. For example, the

ti Ivity, | iorated over time _due to catalyst poisoning b .
h
o LA S SSriA A T Cistire milavars br QOB SAHz Lne

that is deposition of, heavy by-products on the catalysts newn
ot 0 G RUAG ETh itk (e PRGBS ol O/ S10% anl @

oxygen-containing gas.is passed. at a high temperature to burn off
magnp%%{s%%%ugxslu %t;%nag%%%y%gkes%@l%%ﬁgh HRS PEherdtion mEndass 2

effective_in the short term, repeated cycles of reaction and regeneratjon

D20 R8P a fong eIt ToRBl FF AR KCRIT that (¢ ame -2 chesis reaction of

ethylene and n-butene wherein the catalytic activity is
drastically improved by using a catalyst mixture containing
WO3/S10; and magnesiumloxide or calcined hydroﬁalcite in
combination with a small amount of hydrogen.

f0004]

However, the metathesis catélysts lower activity with
time, though the detericration degrees vary depending on
reaction conditions, starting materials or catalyst types.
For example, the catalytic activity is deteriorated over ftime
due to catalyst polsoning by trace harmful substances contained
in starting materials or due to coking that is deposition of
heavy by-products on the catalysts. In a known catalyst
regenerating method with these problems, an oxygen-containing
gas 1s passed at a high temperature to burn off poisonous
substances or cokes. Although this regeneration method is

effective in the short term, repeated cycles of reaction and

regeneration over a long period result in an activity that is
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not recovered to the desired level. It is therefore necessary that the
catalysts are replaced regularly. [0005] Patent Document 3 discloses a
method for regenerating a 5 magnesium oxide catalyst in which a
Mn203-MgO catalyst that has been¥egraded in an alkylation reaction
between a phenol and methanol is regenerated by contact with water at

not netmworerthan: 300C: Becalise dhissalkylationrreactiomnyields dwe necessary
equivalents of water, the Mn203 catalyst probably has high 10 resistance

thattonvater: Fusthes because thegeaetion temperatyns,is high ranging from
475 to 600C, the water generated will be readily eliminated from the

[ 00 0catalyst during the reaction. In contrast, tungsten, molybdenum and
rhenium that are metathesis catalysts that are poisoned by water, and 15

uswallydhe mefathesistreaction tarmpratirerds relatively jow Aot mare 4 4

than 350C. Accordingly, there is concern that the catalysts may be

magredvenrsely affected:by, contact with\water, Ratent pentli LS Ralent 1o ¢
No. 4,575,575 20 Patent Document 2: WO 2006/093058 Patent _

beenPaeyPER3 JPBz30%0Q %%M%YCQEJ'BEHWENTAO%@M and
PROBLEMS TO BE SOLVED BY THE INVENTION 4 [0006]

methanol is regenerated by contact with water at not more than
300°C. Because this alkylation reaction yields two
equivalents of water, the Mn,03; catalyst probably has high
resistance to water. Further, because the reaction
temperature is high ranging from 475 to 600°C, the water
generated will be readily eliminated from the catalyst during
the reaction. In contrast, tungsten, molybdenum and rhenium
that are metathesis catalysts that are poisoned by water, and
usually the metathesis reaction temperature is relatively low
at not more than 350°C. Accordingly, there is concern that the

catalysts may be adversely affected by contact with water.

Patent Document 1: US Patent No. 4,575,575
Patent Document 2: WO 2006/093058

Patent Document 3: JP-B-S59-006698

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION
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It is an object of the present invention that a metathesis catalyst which is
a combination including a catalyst 1 comprising a compound that contains
at least one metal element 5 selected from tungsten, molybdenum and
rhenium and a catalyst 2 comprising at least one selected from
magnesium oxide and calcined hydrotalcite is easily and effectively

[0 00meactivated from a degraded state due to long-term repetitive cycles of
reaction and regeneration at high temperature for burning off 10

POISENDLIS SUBSIABRERS OF GOKeS: He Hkarnew-conditiopror a sdesirgddavel.dt i s
is another object of the invention to provide an olefin production process

catalyd mejathesis reactiondngluding ; @ step-af peHorging the reactivation.
In the invention, the term "regeneration” refers to regeneration of

conpPetathesis 1o-ealalyslg by senventionahiechpiques SUCthaS @it a1 element

calcination, and the term "reactivation” refers to regeneration by the

se10ethed: phihe pregentinventian,JOQQ7] The resgrtinyeantorsistdied 5 1 y st

diligently to achieve the 20 above objects. They have then found that a

2 cogﬁgﬁc_i.%@egaéhﬁa Latglyst whieh is,.a gombipgtion including a catalyst . ., 4

comprising a compound that contains at least one metal element

cal %qieclil 8@0@29%?@’@m9yb ggg?g\ng'nf e%f?e%@ﬂi.@&??%%a%tivated
selected from magnesium oxide and calcined hydrotalcite can
from a degraded state due to long-term repetitive cycles of
reaction and regeneration at high temperature for burning off
poiscnous substances or cokes, to like-new condition or a
desired level. It is ancther object of the invention to provide
an olefin production process by a metathesis reaction including
a step of performing the reactivation. In the invention, the
term “regeneration” refers to regeneration of metathesis
catalysts by conventional techniques such as air calcination,
and the term “reactivation” refers to regenerationby the method
of the present invention.
[0007)]

The present inventcrs studied diligently to achieve the
above objects. They have then found that a degraded metathesis
catalyst which is a combination including a catalyst 1
comprising a compound that contains at least one metal element

selected from tungsten, molybdenum and rhenium and a catalyst

2 selected from magnesium oxide and calcined hydrotalcite can
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be reactivated to like-new conditions for both the catalyst 1 and the
catalyst 2 by contacting the metathesis catalyst with water at not more
than 50C or water vapor at not more than 170C and sufficiently removing
water by drying and calcination. 5 TlHe present invention has been
completed based on the finding. [0008] In a process of producing olefins

be H¥aa Metathesisteactione ohelarting wiefinsdne differentalefins, @ cafalyst v s+
reactivating method comprises bringing a degraded metathesis 10 catalyst

1 anwhich:is-a ompination {neluding a-catalysht semMpHSing A-LORPQURAa): ¢ v
contains at least one metal element selected from tungsten, molybdenum

watandhepivm 3nd a catalystsg eemprising atleastone selected fram, ro +han
magnesium oxide and calcined hydrotalcite into contact with water at not

170 RO6 than £15 B0G OF WRtEL MRRON AL Rt RAre,thay)- 110G Anplefin - o s on.

production process by a metathesisreaction according td the present

The PyeionconpUses 8 sten of pedamainghe Jegepgralin melhod A900dl,
0 In an aspect of the invention, there is provided a process for producing
[Oodngr(?pylene by a metathesis reaction between ethylene and n-butene in the
présence of the metathesis catalyst comprising the catalyst 1 and the

Catﬁll){sg %%hoaéeasr;es 5 %t}i_yg udcg%%h%?g%\éenrg%gog'm@tathesis reaction
of starting clefins into different olefins, a catalyst
reactivating method comprises bringing a degraded metathesis
catalyst which is a combination including a catalyst 1
comprising a compound that coﬁtains at least one metal element
selected from tungsten, molybdenum and rhenium and a catalyst
2 comprising at least one selected from magnesium oxide and
calcined hydrotalcite into contact with water at not more than
50°C or water vapor at not more than 170°C. An olefin
production process by a metathesis reaction accerding to the
present invention comprises a step of performing the
regenerating method.

[0009]

In an aspect of the invention, there is provided a process -
for producing propylene by a metathesis reaction between
ethylene andn-butene in the presence of the metathesis catalyst
comprising the catalyst 1 and the catalyst 2 that are

reactivated by the above method.
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6 ADVANTAGEOUS EFFECTS OF THE INVENTION [0010] According
to the methods of the present invention, the 5 metathesis catalyst
performance is regenerated effectively, although the compound used is
only water without any special equiment for metathesis catalyst
reactivation, and olefins can be produced with significant advantages in
the aspects of safety, processing and economics. 10 BRIEF
DESCRIPTION OF THE DRAWING [0011] Fig. 1 is a graph showing

ADV Aetations vf therwater freatmenirtemperataresand the butene conversion in
Examples of the 15 invention. PREFERRED EMBODIMENTS FOR

1001GARRYING OUT THE INVENTION [0012] The catalyst 1 used in the
invention contains at least 20 one metal element selected from tungsten,

molyhdepyrnand Jhepium, Jhesiwichres REtyngsten, molypdepum,and the

rhenium are not limited, and oxides, sulfides and hydroxides may be

met 436ds nspauticdlar, oxides,such as\WO3; MoQ3.and Re2Q al@coctively,

preferable, and WO3is more preferable. These oxides, sulfides 7

although the compound used is only water without any special
equipment for metathesis catalyst reactivation, and olefins
can be produced with significant advantages in the aspects of

safety, processing and economics.

BRIEF DESCRIPTION OF THE DRAWING
f0011]

Fig. 1 is a graph showing relations of the water treatment
temperature and the butene conversion in Examples of the

invention.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
[0012]

The catalyst 1 used in the inventicn contains at least
one metal element selected from tungsten, molybdenum and
rhenium. The structures of tungsten, molybdenum and rhenium
are not limited, and oxides, sulfides and hydroxides may be
used. In particular, oxides such as W03, MoO; and Re;C; are

preferable, and W03 is mere preferable. These oxides, sulfidss
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or hydroxides may be supported on inorganic compounds called
supports. The kinds of supports are not particularly limited, and examples
thereof include silica, alumina and titania, with silica being particularly
preferable. The supporting methods’s used may be conventional for the
skilled in the art and are not particularly limited. The amount of the metal

or helement Jelatiyg jothe s tmay bein therange of 0.QL WAL 9041169
wt%, and more preferably 0.1 wt% to 20 wt% in terms of oxide. [0013] 10

suppdie-catalyst 2 ysedyin the m%g%%igcw@%%téeaa&@@séﬂ?fw oM v e,

magnesium oxide and calcined hydrotalcite. In the invention, the calcined

and Bydigilclte is,a MA1203sqlid %%"ifpé‘a‘?bfgkﬂﬁﬁi%ca'ﬁiﬁi@g BLAYQC Qfs ¢ n

above a hydrotalcite of Formula 1 below which is a layere

ot ST AT Al e COUL IR A oo
sos BRI BAIRE AL A A P e D G R0 B are
notcgagggwgfg} ? Q?Q§¥%%¥]d%%geé%g%6 of the metal element

relative to the support may be in the range of 0.01 wt% to 50
WL%, and more preferably 0.1 wt% to 20 wt% in terms of oxide.
[0013]

The catalyst 2 used in the invention includes at least
one selected from magnesium okide and calcined hydrotalcite.
In the invention, the calcined hydrotalcite is a MgQ-Al,03 solid
solution obtained by calcining at 300°C or above a hydrotalcite
of Formula 1 below which is a layerédInagnesium—aluminuﬂldouble
hydroxide.

[0014]
[Chem. 1]

[Mg?*1 )AL (OH) 2] ™ [ (B™) wyn mH201* -+ 1
[0015]

The letter A is an anion, n is a valence of the anion A,
x usually ranges from 0.20 to 0.33, andm is usually an integer
of about 0 to 4 although greatly varied depending on the

dehydration degree.

[0016]
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8 Examples of the anions include carbonate ion, sulfate ion, hydroxide
ion, fluoride ion, chloride ion, bromide ion and iodide ion. [0017] 5 The
magnesium oxide or hydrotalcite may be used as it is, or these oxides
may be supported on inorganic comgounds called supports. These
compounds may be obtained by known methods in the art without

limitation: Eorexarprle hydraxides, 1 carbanatesrthe liksmay ber o+ o 1 on,

decomposed at high temperatures. 10 The supporting methods may be

hydX9RYeRsionahin the agtwithout Jimitation SThe,supposts ate got partiewlarly, , 4
limited, and examples thereof include silica, alumina and titania, with

i oaSlicadeing preferable. [0018] 15 The shapes of the catalysts 1 and 2 are
not particularly limited. The sizes thereof may be selected appropriately

{OOP? ending on the size of reactors. The catalysts may be shaped by
known methods in the art without limitation. [0019] 20 The catalyst 1 and

the.gatalyst 2 may he physicall iX together, or may be su rred .. .
toggﬁ% r%%gglgi% e sug go%r%3 _?Br%ﬁ r%%%a?t%e%gscclaﬁgly%? %12)3? c%%l%%n Hhe® tis,

5 CatalySt sy cohtah e
or <FEARNLY 209 e SRS, 2B AVAIORRTONs oNt itaion by il

supports. These compounds may be obtained by known methods in
the art without limitation. For example, hydroxides,
carbonates or the like may be decomposed at high temperatures.
The supporting methods may be conventional in the art without
limitation. The supports afe not particularly limited, and
examples thereof include silica, alumina and titania, with
silica being preferable.

[0018]

The shapes of the catalysts 1 and 2 are not particularly
limited. The sizes thereof may be selected appropriately
depending on the size of reactors. The catalysts may be shaped
by known methods in the art without limitation.

[0019]

The catalyst 1 and the catalyst 2 may be physically mixed
together or may be supported together on a single support. The
metathesis catalyst may contain the catalyst 1 and the catalyst
2 at any propocrtions without limitation but will catalyze a

metathesis reaction more effectively when the weight ratio of
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metathesis reaction more effectively when the weight ratio of 9 the
catalyst 2 is 50% or more relative to the total catalyst weight. [0020]
Examples of the starting olefins in the metathesis 5 reaction include linear
or cyclic olefins of 2 to 10 carbon at®ms. Starting olefins including
ethylene and butene give propylene. Starting olefins including butene and

the pemtenegive chaxens Ihestating olefing mayLantaiparaffing such A2 1yst
methane, ethane, propane, butane and hexane, and hydrogen. The 10

we idgeesence of hydrogen drastically accelerates the metathesis reaction.
[0021] The temperature and pressure in the metathesis reaction are

[ 0o ggnerally in the range of 25 to 500C and 0.1 to 20 MPaG, 15 and
preferably 100 to 400C and 0.1 to 10 MPaG. The amount of the catalysts

is nef padticdlarly imited. Eory Jhep; the ffﬁ‘cfé%isr@éfé%‘%%os

using a fixed-bed flow apparatus, SV is preferably in the range o

readP9dnl-and mere preferably 1 tg g@% hel wherein the WHSV, represents ,

the amount 20 (weight) of starting materials per unit time divided by the
atorx\ée.'ghtsocfatg%fgglyéfe[gg%@ including ethylene and butene give

propylene. Startingolefinsinciudingbuteneandp@ntenegive
hexene. The starting olefins may contain paraffins such as
methane, ethane, propane, butane and hexane, and hydrogen. The
presence of hydrogen drastically accelerateé the metathesis
reaction.

[0021]

The temperature and pressure in the metathesis reaction
are generally in the range of 25 to 500°C and 0.1 to 20 MPagG,
and preferably 100 to 400°C and 0.1 to 10 MPaG. The amount of
the cétalysts is not particularly limited. For example, when
the reaction is carried.out using a fixed-bed flow apparatus,
WHSV is preferably in the range of 1 to 500 h™, and more
preferably 1 to 250 h™! wherein the WHSV represents the amount
(weight) of starting materials per unit time divided by the
weight of the catalyst.

[0C22]
The metathesis reaction may be carried cut in any mode

without limitation, but a gasphase flow reaction is preferable.
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The metathesis reaction may be carried out in any mode without
limitation, but a gas phase flow reaction is preferable. 10 The catalyst
packing modes include fixed beds, fluidized beds and suspended beds.
Any method may be applicable. [0028] The reactivation step of the
invention is usually carried 5 out before or after the usual regeneration

The 8i8R=aNEkis Mok Prgfarably performead after theusial tegenglation steh, e s

[0024] In the usual regeneration treatment in a metathesis reaction, an

and QXYgeR-£antainag gas ispgssed:at adigh J0temp E@i%&%?&!m off

poisonous substances or cokes from the catalyst. Khnown regeneration
00 7methods in the art may be used without limitation. [0025] After the
completion of the reactivation step, itis 15 desired that the metathesis

reagfjan;is initigted aftgr.a; E%E“EP'%HS%'H@%‘%‘E‘B% redug 'V% s e Driea

as carbon monoxide or hydrogen as is generally conducted In t eart

ous K EUCNDENE R IS RSN o o
pre f%‘é‘%ﬂ%‘?? '%é%ii% Pﬂéﬁe W%l%er Th Catalé/StS 1 %%%énrglyat ion step.
(0024]

In the usual regeneration treatment in a metathesis
reaction, an oxygen—containing'gas is passed at a high
temperature to burn off poisonous substances or cokes from the
catalyst. Known regeneration methods in the art may be used
without limitation.

[0025]

After the completion of the reactivation step, it is
desired that the metathesis reaction is initiated after a
reduction treatment with a reductive gas such as carbon monoxide
or hydroggn as is generally conducted in the art. Known
reduction metheds in the art may be used without limitation.
[00286]

The water at not more than 50°C used in the process of
the invention is liquid phase water. The catalysts 1 and 2 may
be scaked in the water, or the water may be passed through the

catalysts 1 and 2. The water temperature is preferably 0 to

50°C, and more preferably 20 to 40°C. If the water temperature
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be soaked in the water, or the water may be passed through the catalysts
1 and 2. The water temperature is preferably 0 to 50C, and more
preferably 20 to 40C. If the water temperature 11 exceeds 50C, the
catalysts cannot be reactivated sufficiently. The pressure is not
particularly limited, but is preferably normal pressure at room temperature

excefol simpr-pragessing: [002¢k, sakhedimeof-contact yithamaterat Nt ent 1y.

more than 50C is not particularly limited, but is preferably in the range of

The B@8UBWES tq I week, aad mare preferably; f heurto 2dhours. Jhereraply

contact is preferably followed by drying and calcination to remove water

normidffigienths The diying isusually performed 16 21.1Q0 19,300 for 15420,

hours, and particularly preferably at 100 to 200C for 1 to 24 hours. The
{Oozqqlcination is usually performed at 350 to 700C for 1 to 120 hours, and
particularly preferably at 400 to 600C for 1 to 24 hours. The drying and

calginationmay,be conducted,n Ay amasphere oyt 19 Iiatiogy o 4

and may be carried out for example under vacuum (evacuation), under a

stream of inert.qgas, or under a stream of air or hydrogen.gas. [0028] The
not B O e S e B SR aes e 2L o

30 m%§g¥é%aggtgowggﬁﬁoéﬁgnggggﬂﬁreferably 1 hour teo 24 hours.

The contact is preferably followed by drying and calcination
to remove water sufficiently. The drying is usually’pefformed
at 100 to 300°C for 1 to 120 houré, and particularly preferably
at 100 to 200°C for 1 to 24 hours. The calcination is usually
performed at 350 to 700°C for 1 to 120 hours, and particularly
preferably at 400 to 600°C for 1 to 24 hours. The drying and
calcination may be conducted in any atmosphere without
limitation, and may be carried out for example under vacuum
(evacuation), under a stream of inert gas, or under a stream
of air or hydrogen gas.

[OOEQ]

The water vapor at not more than 170°C used in the
in#ention~is gas phase water that is brought into contact with
the catalysts 1 and 2. For example, the catalysts 1 and 2 may
be allowed to stand in the water vapor, or the water vapor may
be continuously passed through the catalysts 1l and 2. The water

vapor temperature is preferably 100 to 170°C, and more
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the catalysts 1 and 2. For example, the catalysts 1 and 2 may be allowed
to stand in the water vapor, or the water vapor may be continuously
passed through the catalysts 1 and 2. The water vapor temperature is
preferably 100 to 170C, and more 1 preferably 110 to 160C. If the water
vapor temperature exceeds 170C, the catalysts cannot be regenerated
pre reUigiently: The presseise is notrparticidansimaited, bt the cafalysts-aree
reactivated more quickly as the pressure is 5 closer to the saturated vapor

excdUgsSure of watenat the precessingtempsatyre. [0029], Ihe time of

contact with water vapor at not more than 170C is not particularly limited,

suf AW i%af@iﬁ{@b'yriﬂéh range, 10 of3Q. minytes to;Lweskiand More o g, put
preferably 1 hour to 24 hours. The contact is preferably followed by drying
£ne ¥4 galdination to remove water suffigiently, [he drying.is ystially ‘
© perform%d at 100 to 300leor 1to 120 houér&g%\% p%r%%ulary gef%?afblffe s
1,100 to 200C far. 1. to oyr Tpec cination is usually 15 performed
Clo%t%gg%o 7%%&%&1 toa%§§I housPsc,) an %%réti%]llgﬁy O|;)£rse ergb >r/ at 40 l%oe
J:OCGQOS()SC.I‘I?r 1ttgr%4ehgwésd The drying and calcination may be conducted in
P any aJtm%spher% Wl%ouf?i'mitation, and may be carried out for example
(0 Ozu#ger vacuum (evacuation), under a stream of inert gas, or under a
stream

The time of contact with water vapor at not more than 170°C

is not particularly limited, but is preferably in the range

- of 30 minutes to 1 week, and more preferably 1 hour to 24 hours.

The contact 1s preferably followed by drying and calcination
to remove water sufficiently. The drying is usually performed
at 100 to 300°C for 1 to 120 hours, and particularly preferably
at 100 to 200°C for 1 to 24 hours. The calcination is usually
performed at 350 to 700°C for 1 to 120 hours, and particularly.
preferably at 400 to 600°C-for 1 to 24 hours. The drying and
célcination may be conducted in any atmosphere without
limitation, and may be carried out for example under vacuum
(evacuation}, under a stream of inert gas, or under a stream
of air or hydrogen gas. The contacting methods, drying methods
and calcination methecds described above do not restrict the
scope of the invention.

[0030]

The methods ¢of the invention are advantageous in that the
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20 of air or hydrogen gas. The contacting methods, drying methods and
calcination methods described above do not restrict the scope of the
invention. [0030] The methods of the invention are advantageous in that
the 13 catalyst can be reactivated ithe metathesis reactor. In detail, the
catalyst may be taken out from the reactor and be reactivated in a

cat zSeparate seagtivatian eentaines akeinativelym aipe,asthe likefer or.  1n
supplying water or water 5 vapor may be attached to the reactor and the

det catalystipay e, reastivated indhe preked state withoutkeing collegted g pe
from the reactor. In terms of switching between the reaction and the

readi@ialysidgactivationhe catalyst ispreferably repctivated in the, reactor as
in the latter case. 10 [EXAMPLES] [0031] Hereinbelow, the present

alt éi%%ﬂ&i?{?é’!@ be dgsqribed in greqteg detall based on examples withquit, , . o

|m|t|r)g the Scope of the invention.. 15 [0032] (Example 1 A metathesis
vapd2FIAN BLEUVIENE NG 2BUIENE 110 BIORYIRE L AL TV fYSRCIRL Y be
cked with a catalyst

was p

reactivated in the packed state without being collected from
the reactor. In terms of switching between the reaction and
the catalyst reactivation, the catalyst is preferably
reactivated in the reactor as in the latter case.
[EXAMPLES]

{00313

Hereinbelow, the present invention will be descfibed in
greater detail based on examples without limiting the scope
of the invention,.

(0032]
(Example 1)

A metathesis reaction of ethylene and Z-butene into
propylene was studied. A reactor was packed with a catalyst
prepared by physically mixing 12 g of WO3/Si0; in which WO; was
supported on Si0; and 48 g of magnesium oxide. The catalyst
was pretreated by air calcination at 550°C followed by hydrogen
reduction at 550°C. The temperature was then lowered to 350°C,

which was predetermined as the reaction temperature.

Subsequently, ethylene and Z-butene were supplied to the
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prepared by physically mixing 12 g of W03/SiO2 in which W03 was 20
supported on Si02 and 48 g of magnesium oxide. The catalyst was
pretreated by air calcination at 550C followed by hydrogen reduction at
550C. The temperature was then loWered to 350C, which was
predetermined as the reaction temperature. Subsequently, ethylene and

reacZdutene weresupplied tntherl<: reactords ameuntscsuchdhatthgmelae to
ratio of ethylene to 2-butene would be 1.5 and the weight hourly space

2 - buNelegity,, AV HS\Davauld be 3@ heheTheaweight Uy 1Spase YeloCkk Was i « v

a ratio of the total flow rate of ethylene and 2-butene relative 5 to the

(WHSRMOWRLOfIMQ3/81D2,-The regelignpressuiewas O MPaAGe TWe1ccity was

conversion was calculated from the proportion of n-butene consumed in

a raingreaction. The malppigductwasPropylene, Lhe, copversion alter Q. « ; ¢
hours of the reaction initiation was 43.50. J0033] 10 After 20 hours of the

to IECAL IR SyPPlYY e Starting, malerials was ispended. The.cajalyst,
T HeTo s

was regenerated by air calCination at 550C for 10 hours. After the

ion by ajr calginati ' initiated. Th
e R Foors o e Teachah WA AR O9h Sruimy B R 5=

activi{%/.wa% sliglhtl chwered aftﬁrlone re ener%lion treatment. This cgcle
consyme He e%.c 1LOon . 2 al rooducT W O ne. The
of me ajtﬁeys réaction ‘and regéneration Was repea edaioptlmgga?regular

comflgtreg\{iacg% gg(gglze fgtﬁlxgrtgayfat%e reaction initiation was 43.5%.

[0033] |

Bfter 20 hours of the reaction, the supply of the starting
materials was suspénded. The catalyst was regenérated by air
calcination at 550°C for 10 hours. After the regeneration by
air calcination, the reactionwas reinitiated. The conversion
after 10 hours of the reaction was 43.0%, showing that the
activity was slightly lowered after one regeneration treatment.
Thiscycleofn@tathesisreactionandrﬁgenerationwasrepeated
20 times at regular intervals, and the catalyst that had
undergone 20th regeneraticn by ailr calcination was used to
catalyze the reaction. The conversion after 10 hours of the
reactionwas only 0.5%. A degradedcatalyst was thus obtained.
{00347

Subsegquently, 0.6 g of the degraded catalyst was soaked

and was left still in approximately 50 ml of distilled water

at 25°C for 24 hours. The catalyst was then dried at 130°C for
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undergone 20th regeneration by air calcination was used to catalyze the
reaction. The conversion after 10 hours of the 20 reaction was only 0.50.
A degraded catalyst was thus obtained. [0034] Subsequently, 0.6 g of the
degraded catalyst was soaked andWas left still in approximately 50 ml of
distilled water at 25C for 24 hours. The catalyst was then dried at 130C

8 hdori5:8 houEssand was Airccaleined at S00C forZhoursniasuling a1 + ing
reactivated catalyst. The reactivated catalyst was used to catalyze the

in ametatbesiseaction Afte 40 hours, ef the, reaclign.Jhe conyersion Was yseq
44.5%, nearly the same level as 5 the fresh catalyst. The results are set

to darthinkig. 11 J0Q35 fexamnle 2:)JQE&JIB‘%Fdeﬁ%QEEX%ph‘?o]u‘é’EV%f the

repeated, except that the catalyst was soaked in water at 40C. The

readgaciivated, 10.catglystwas, uged to,gatalyze the metathesis 1 %ﬂ%‘ evel as

After 10 hours of the reaction, the conversion was 20.0%. The resu ts are

the SEHLOMh IpFigy: éyJQO%]T@aE%@SJ?HES JPE pé% Gedpres of B Ett s’ggSThe

were repeated, éxcept that the catalyst was soaked in water a
100 ggﬁctivated

(Example 2)

The procedures of Example 1 were repeated,kexcept that
the catalyst was socaked in water at 40°C. The reactivated
catalyst was used to catalyze the m@tathesis reaction. After
10 hours of the reaction, the conversionwas 20.0%. fheresults
are set forth in Fig. 1.

[0036]
(Example 3)

The procedures of Example 1 were repeated, except that
the catalyst was soaked in water at 50°C. The reactivated
catalyst was used to catalyze the metathesis reaction. After
10 hours of the reaction, the conversion was 8.5%. The results
are set forth in Fig. 1.

[0037]
(Example 4)

A degraded catalyst was prepared as described in Example

1. Water vapor was passed through 0.6 g of the degraded

catalyst at 150°C and 0.2 MPaG at a rate of 0.0125 g/min for
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catalyst was used to catalyze the metathesis reaction. After 10 hours of
the reaction, the conversion was 8.5%. The results are set forth in Fig. 1.
20 [0037] (Example 4) A degraded catalyst was prepared as described in
Example 1. Water vapor was passéd through 0.6 g of the degraded
catalyst at 150C and 0.2 MPaG at a rate of 0.0125 g/min for 16 24 hours.

24 hdte gas supply, wassswitched, frams yater yaportoaln, 2pd theLatalyst, a1,
was dried at 150C for 2 hours and was calcined at 500C for 2 hours,

and fesulting ima eactivated catplyst.{Hig- reactivajed catalyst wasused to- - e g

catalyze the metathesis 5 reaction. After 10 hours of the reaction, the

at 560PVErsion was, 39:3%, Dearly thesame level as the fresh catalystthe 1y
results are set forth in Fig. 1. [0038] (Example 5) 10 The procedures of

read@NE4 V&%@ﬁ%@@eaa%%@wa& 3h%g%t§hcy§t& a%ﬂ@%?&%%&@&%

vapor at 170C and 0.6 MPaG. The reactivate alyst was use
action, the

oo dEITNPE TRTEPSSE. PR Al OLEUSS DO IR on vas
39.3%, nearly the same level as the fresh catalyst. The results
are set forth in Fig. 1. |

(00387

(Example 5)

The procedures of Example_4 were repeated, except that
the catalyst was treatedwith water vapor at 170°C and 0.6 MPagG.
The reactivated catalyst was used toc catalyze the metathesis
reaction. After 10 hours of the reaction, the conversiocn was
32.4%. The results are set forth in Fig. 1.

[0039]
(Example 6)

A metathesis ieaction of ethylene and 2-butene into
propylene was studied. A reactor was packed-with a catalyst
prepared by physically mixing 12 g of W0O3/S510; in which W03 was
supported con S5i0; and 48 g of calcined hydrotalcite. The
catalyst was pretreated by air calcination at 550°C fcllowed
by hydrogen reduction at 550°C. The temperature was then

lowered to 350°C, which was predetermined as the reaction

temperature. Subsequently, ethylene and Z2-butene were
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(Example 6) A metathesis reaction of ethylene and 2-butene into
propylene was studied. A reactor was packed with a catalyst prepared by
physically mixing 12 g of W03/SiO2 in which W03 was 20 supported on
Si02 and 48 g of calcined hydrotalcité. The catalyst was pretreated by air
calcination at 550C followed by hydrogen reduction at 550C. The

suppamperatyesnas than-foyvered 380G whishwyas predeterminediasthe 5 o
reaction temperature. Subsequently, ethylene and 2-butene were 17

of euppliadto thereactor inapauntsisuch that the malay, atio, efiethylene 19, o
2-butene would be 1. 5 and the weight hourly space velocity (WHSV)

ve 1 ¥@uHd be 3 dvl. Tha,weight hawlyspaceyelocity was a 5%19&3}3[}% [otal,

flow rate of ethylene and 5 2-butene relative to the amount of W 102.

velcﬂ??f?a%-@g RressuHiewWas OtMEa@oI_Q%_ C%@V&Arls.igg So(?l%%%[ dfom .ng

the proportion of n-butene consumed Iin the reaction. The main product

- opy, T version af rs,af the, reacti initiatign .
2 bﬂvﬁrg%%%ﬁ%%fﬁo %]Aftgrc%o %é?go t%%lre%%%ig%e,lt fe sug%ﬁ o¥ﬁ1ecmon

ore JAIVE SR E: g e LSS IR Sty e
progg%igi i{iltc?rqyfer(fggﬁ%rgkoen %ﬂoerrlg'gnbg rsi%fﬂt].%e reaction. The main
product was propylene. The conversion after 17 hours of the
reaction initiation was 64.4%.

[0040]

After 20 hours of the reaction, the supply of the starting
materials was suspended. The catalyst was regenerated by air
calcination at 550°C for 10 hours. After the regeneration, the
reaction was reinitiated. The conversion after 10 hours of the
reaction was 64.0%, showing that the activity was slightly
lowered after one regeneration treatment. This cycle of
metathesis reaction and regeneration was repeated 20 times at
regular intervals, and the catalyst that had undergone 20th
regeneration was used tocatalyze the reaction. The conversion
after 10 hours of the reaction was only 50.8%. A degraded
catalyst was thus cobtained.

(0041]

Subsequently, 0.6 g of the degraded catalyst was scaked

and was left still in approximately 50 ml of distilled water
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15 reaction was 64.0%, showing that the activity was slightly lowered
after one regeneration treatment. This cycle of metathesis reaction and
regeneration was repeated 20 times at regular intervals, and the catalyst
that had undergone 20th regeneratith was used to catalyze the reaction.
The conversion 20 after 10 hours of the reaction was only 50.8%. A

at 2oegraded satalystras thusobtained., [0041] Subsequanty, 9.6, nglecf for

degraded catalyst was soaked and was left still in approximately 50 ml o

8 ndlistiledyater 18.,3t25G for P4 hours. Theeatalystwas thendriedat ;.

130C for 8 hours and was air calcined at 500C for 2 hours, resulting in'a

in JeActyated catalyst, {hg fﬁsa&?ivaﬁer‘?e‘:%'gétcv‘z’%%ﬁse%d docaaze thes 1 c.q

metathesis reaction. Aftef 10 hours of 5 reaction, the conversion was

to Scupyisnrinibesamelaud s edissh gatalval 10042 (Comparar

Example 1) The procedures of Example 1 were repeated, excep

é@iggtaly soaked in water at 80C gr 100C. The reactivated catalyst
FeaWas usb_d%géZ(?gI?gg E“(’alr%gta‘ﬁalléssisg %éaélré’ti'onl?%ﬁﬁ ?foﬁ%ﬁré‘s 8fnt%(§levesl as
r ctioq, the colnve%sion by the catalyst reactivated at 80C was 2.0%, and
hgata YsST.

e iy
[0042]

(Comparative Example 1)

The procedures cof Example 1 were repeated, except that
the catalyst was scaked in water at 80°C or 100°C. The
reactivated catalyst was used to catalyze the metathesis
reaction. After 10 hours of the reaction, the conversion by
the catélyst reactivated at 80°C was 2.0%, and that by the
catalyst reactivated at 100°C was 1.2%. The results are set
forth in Fig. 1.

[0043]
(Comparative Example 2)

The procedures of Example 4 were repeated, except that
the catalyst was treated with water vapor at 200°C and 0.2 MPaG.
The reactivated catalyst was used to catalyze the metathesis
reaction. After 10 hours of the reaction, the conversion was

5.0%. The results are set forth in Fig. 1.
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catalyst reactivated at 100C was 1.2%. The results are set 15 forth in Fig.
1. [0043] (Comparative Example 2) The procedures of Example 4 were
repeated, except that the catalyst was treated with water vapor at 200C
and 0.2 MPaG. 20 The reactivated tatalyst was used to catalyze the
metathesis reaction. After 10 hours of the reaction, the conversion was
5.0%. The results are set forth in Fig. 1. 19 CLAIMS 1. In a process of
producing olefins by a metathesis 5 reaction of starting olefins into
different olefins, a catalyst reactitating énethod comprising bringing a
degraded metathesis catalyst which is a combination including a catalyst
1 comprising a compound that contains at least one metal element
selected from tungsten, molybdenum and rhenium and a catalyst 10 2

comprisingaf Igastoneselected from magnesiym exide and calgined. v o ¢ ;

hydrotalcite into contact with water at not more than 50C or water vapor

read 9L Me'e than 170C, 240 glefin, E@%ﬁ%@@ PLAGESS DY .r0et t%?asc% nfys £

reaction, comprising a step of performing the reactivating metho
reack UV it Metailesls AR YRIRelEng, e, "2 el A A R eelet s
2 is reactivated.
catalyst which is a combination including a catalyst 1
comprising a compound that contains at least one metal element
selected from tungsten, molybdenum and rhenium and a catalyst
Z comprising at least one selected from magnesium oxide and

calcined hydrotalcite into contact with water at not mcre than

50°C or water vapor at not more than 170°C.

2. An olefin production process by a metathesis
reaction, comprising a step of performing the reactivating
method ¢f claim 1 in which the metathesis catalyst including

the catalyst 1 and the catalyst 2 1s reactivated.

3. A metathesis catalyst comprising the catalyst 1 and

the catalyst 2 that are reactivated by the method of claim 1.

4. A process for producing preopylene by a metathesis
reaction between ethylene and n-butene in the presence of the

metathesis catalyst comprising the catalyst 1 and the catalyst



3. A metathesis catalyst comprising the catalyst 1 and 20 the catalyst 2
that are reactivated by the method of claim 1. 4. A process for producing
propylene by a metathesis reaction between ethylene and n-butene in the
presence of the metathesis catalyst€&omprising the catalyst 1 and the
catalyst 20 2 that are reactivated by the method of claim 1.

2 that are reactivated by the method of claim 1.



