1 DESCRIPTION METHOD FOR REACTIVATING METATHESIS CATALYSTS, AND OLEFIN
PRODUCTION PROCESS INCLUDING REACTIVATING STEP 5 FIELD OF THE INVENTION [0001]
The present invention -elates to a method for easily and effectively reactivating a degraded metathesis
catalyst that 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 comprising at least
one selected from magnesium oxide and calcined hydrotalcite, by contacting the catalyst with water at
not more than 50C or water vapor at not mare than 170C. The invention also relates to an olefin
production process by a metathesis reactio%ﬁ’&&&ﬁg 5%%p of performing the reactivating method.
BACKGROUND OF THE INVENTION?[OOOZ] 20A metathesis reaction involves identical or different

olefins that Hré TEAttePRith BALH otfer ang %F&%ﬁ%%a%%ﬁﬁ%ﬁ ng %ﬁ@ctﬁ%ﬂ%s reaction is

very advantageous because it can cope with changes in olefin demands. [0003
PRODUCTION PROCESS INCLUDING REACTIVATING STEP

FIELD OF THE INVENTION

[&1]

[00C1]

The present invention relates to a method for sasily and
effectively reactivating a degraded metathesis catalyst that
is a combination including a catalyst 1 comprising a compound

10 that contains at least onemetal element selected from tungsten,
molybdenum and rhenium and a catalyst 2 comprising at least
cne 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 alsc

o

relates to anolefinproduction process by ametathesis reaction

-

including a step of performing the reactivating method.

BACKGROUND OF THE INVENTION
[0002]

20 A metathesis reaction involves identical or different
olefins that are reacted with each other and affords clefins

differing structure. This reaction i1s wvery

o)

having
advantageous because it can cope with changes inoclefin demands.

[0003]



2 Olefin production processes by a metathesis reaction have 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 5a silica-supported tungsten oxide catalyst W03/3102
and a magnesium oxide catalyst. Patent Document 2 discloses a process of producing propylene by a
metathesis reaction of ethylene and n-butene whetein the catalytic activity is drastically improved by
using a catalyst mixture containing 10 W03/5i02 and magnesium oxide or calcined hydrotalcite in
combination with a small amount of hydrogen. [0004] However, the metathesis catalysts lower
activity with time 2thBadR thé YlteroraibR HRGREE 94y YeéhBFdiAg R 353 eRA6N tORdRiBNE, starting
materials or catalyst types. For example, the catalytic activity is deteriorated over time due to catalyst
poisoningtiracaR&RHUESLIbstaRdes CoMEInGd mé“f‘d’f né?é:r}éﬁ%eé‘rtdde O kiRt i€ deposition
of heavy by-products on the catalysts. In a known catalyst 20 regenerating method with these
problems> BATK§ §err oG gaslisiha’Bed 814 high témpératire 6 barn 6/ pdisehboudisubstances
or cokes. Although this regeneration method is effective in the short term, repeated cycles of reaction
and regenératibn bver adorg peficd fesult i En acHAfAthaEs AétrbEdRered 8 thecddsiréd fevel, It is

therefore necessary that the catalysts are replaced regularly.
5 a silica-supported tungsten oxide catalyst WO0:/SiC,; and a

magnesium oxide catalvyst. Patent Document Z discloses a
process of producing propylene by a metathesis reaction of
ethylene and n-butene wherein the catalytic activity 1is
drastically improved by using a catalyst mixture containing

10 WO3/510, and magnesiumkoxide or calcined hydrotalcite in
cembination with a small amount of hydrogen,
[0004]

However, the metathesis catalysts lower activity with

time, though the deterioration degrees vary depending on

15 reaction conditiocns, starting materials or catalyst types.
For example, the catalytic activity is deteriorated over time
due to catalyst poisoning 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

20 regenerating method with these problems, an oxygen-containing
gas is passed at a high temperature to burn off poisonous
substances or cckes. Although this regeneration method 1is
effective in the short term, repeated cycles of reaction and

regeneration over a long periocd result in an activity that is



[0005] Patent Document 3 discloses a method for regenerating a 5 magnesium oxide catalyst in which
a Mn203-Mg0 catalyst that has been degraded in an alkylation reaction between a phenol and
methanol is regenerated by contact with water at not more than 300C. Because this alkylation reaction
yields two equivalents of water, the Mn203 catalyst probably has high 10resistance to water. Further,
because the reaction temperature is high ranging fram 475 to 600C, the water generated will be
readily eliminated from the catalyst during the reaction. In contrast, tungsten, molybdenum and

rhenium that are:metathasisicatalysts that are poisoped by waters and:15 usvally the metathesis
reaction temperature is relatively low at not more than 350C. Accordingly, there is concern that the

catalysts may:be adversely affected by.contagt withamates. v 1 Patent Document 1: US Patent No,
4,575,575 20Patent Document 2: WO 2006/093058 Patent Document 3: JP-B-559-006698 SUMMARY

OF THE INVENT$ON PROBLEMS TO BE SOLVED BY THE INVENTION
Patent Document 3 discloses a method for regenerating a
5 magnesium oxide catalyst in which a Mn,03;-Mg0 catalyst that has
been degraded in an alkylation reaction between a phenol and
methanol is regenerated by contact with water at not more than
300°C. Because this alkylation rsaction yields two
equivalents of water, the Mn,0; catalyst probably has high
19 resistance to water. Further, because the reaction
temperature is high ranging from 475 to 600°C, the water
g@neratéd_will be readily eliminated from the catalysg during
the reaction. In contrast, tungsten, molybdenum and ihenium
that are metathesis catalysts that are poisoned by water, and
15 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: U35 Patent No. 4,575,575
20  Patent Document 2: WO 2006/093058

Patent Document 3: JP-B~559~00E63%

SUMMARY CF THE INVENTION

FPROBLEMS TO BE SQOLVED BY THE INVENTION



4 [0006] 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 hydrotaicite is easily and effectively reactivated from a degraded state
due to long-term repetitive ‘cycles of reaction and regeneration at high temperature for burning off 10
poisonous substances or cokes, to like-new condition or a desired level. It is another object of the
invention to pravide 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 15 catalysts by. gonventional teghnigues such gs.air-calcination. and the, tgrm.'reactivation”
refers to regeneration by the method of the present invention. [0007] The present inventorsd diligently

to achieve the 201above.ohjests: Ehey have thenfound that a.degraded matathesis catalyst which is a

combination including a catalyst 1 comprising a compound that contains at least one metal element

selected froppiungsten: gnelyhdesunhand:Theniyn and-a;catalyst 2-selected from raagnesiym oxide
and calcined hydrotalcite can be reactivated to like-new conditions for both the catalyst

> selected from tungsten, molybdenum and rhenium and a catalyst
2 comprising at least one selected from magnesium coxide and
calcined hydrotalcite 1s easily and effectively reactivated
from a degraded state due to long-term repetitive cycles of
reaction and regeneﬁation at high temperature for burning off
10  poiscnous substances or cckes, to iike~new.condition or a
desired level. Iﬁ:isanotherobjectcﬁftheinventiontxagrovide
anolefinpréductionprocessbyeametatheaisr@actionincludinq
a step of pérforming the reactivation. In the inventicn, the

term “regeneration” refers to regeneration of metathesis

s
[ B4

catalysts by conventional technigues such as air calcination,
and the term “reactivation” refers to regenerationby the method
of the present invention.
[ooo7)

The present inventors studied diligently to achieve the
20 above objects. They have then found thateidegradedxﬂetathesis
catalyst wh?ch is a ceombination including a catalyst 1
comprising a compound that contains at least one metal element
selected frém tungsten, molybdenum and rhenium and a catalyst

2 selected from magnesium oxide and calcined hydrotalcite can



1 and the catalyst 2 by contacting the metathesis catalyst with water at not more than 5000 or water
vapor at not more than 170C and sufficiently removing water by drying and calcination. 5 The present
invention has been completed based on the finding. [0008] Ina process of producing olefins by a
metathesis reaction of starting olefins into different olefins, a catalyst reactivating method comprises
bringing a degraded metathesis 10 catalyst which issa 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 .comprising atleast ene selgcted from magnesium p%@ﬂ%@'ﬁ%@aw&ta'dte into

contact with water at not more than 1550C or water vapor at not more than 170C. An olefin production

process by a metathgsis-taaction-accerdling 1q the- pregent inventiop,comprises a sfep of performing he
regenerating method. [00091 20In an aspect of the invention, there is provided a process for

producing prepyienesby adeetathesis reaction hetween, ethyleneandn-buteneinthepresencer,
ofthemetathesascatalyst comprising the catalyst 1 and the catalyst 2 that are reactivated by the above
method. 170°C and sufficiently removing water by drying and calcination.
5 The present invention has been completed based on the finding.
(00081
In aprocess of producing olefins by a metathesis reaction
of starting colefins into different olefins, a catalyst
reactivating methed comprises bringing a degraded metathesis

10 catalyst which is a combinaticn including a catalyst 1
comprising a compound ﬁhat-coﬁtaiﬁs at least one metal elemsnt
selected from tungsten, molvbdenum and rheniuxgand a catalyst
2 comprising at least one selected from magnésium cxide and
calcined hydrotalcite into contact with water at not more than

15 50°C or water vapor at.not more than 170°C. Bn olefin
production process by a metathesis reaction according to the
present invention comprises a step of performing'the
regenerating method,

[0009]

20 In an aspect of the lnvention, therejj;prdvidedeiprocess
for producing propylene by a metatheslis reaction between
ethylene andn~butene in the presence of the metathesis catalyst
comprising the catalyst 1 and the catalyst Z'that are

reactivated by the above method.



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 equipment 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]s Fig. | is a graph showing relations of the water
treatment temperature and the butene conversion in Examples of the 15 invention. PREFERRED
EMBODIMENTS FOR CARRYING OUT THE INVENTION [0012]

ADVANTAGEQUS 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
equipment for metathesis catalyst reactivation, and olefins
can be produced with significant advantages in the aspects of

safety, processing and economics.

10
BRIEF DESCRIPTICN CF THE DRAWING
[G011]
Fig. 1 is a graph showing relatiocons of the water treatment
temperature and the butene conversion in Examples of the
15 invention.

PREFERRED EMBODIMENTS FOR CARRYING OUT THE INVENTION
100121
The catalyst 1 used in the invention contains at least
20 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, oxldes such as W03, MoC; and Re0y are

preferable, and WO; ismore preferable. These oxides, sulfides



The catalyst | used in the invention contains at least 20 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, Mo03 and Re207 are
preferable, and W03 is more preferable. These oxides, sulfides 7 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
methodsog uls,led ma ib(&aecsorg%/agntitgréal fgr th{()—:-rsckeizlIgdé@l tkien%rlt: an(IJI1 are g%tnﬁjaorticuéarl)é grpsi%%dd The
amount 6f the'métal element relative to the support may be inthe range o 0.01 Wi% 10 Wwt%, and
more preferabl(}/ 0.1% t%r)hZO t%élrg3 t%rEng é)f 0013] 10The cg%al(%s& urs1e\d Ln‘trple{rgevgntion

: oxide. [ i !
includes &t feast one sefected from magneﬁ@ﬁ%ﬁ%eagﬁd%%i%iﬁg& hydrotafcite? I the'inverttion, the

calcinedéik%drotqlcite uf a MgO.Al203sol isplution obtained by calcining at 300C or above
hydrotaléite“of Eoriuta 1 B&16W Shich S S{ered maghestum:atutinthT doubrR tshy dioxide. [0014]
[Chem. 1] [Mg2+1..KA13+x(OH)21 x+[(An)x/nmH20]x-1 ‘

sillca being particularly preferable. The supporting methods

5 used may be conventicnal for the skilled in the art and are
not particularly limited. The amount of the metal element
relative to the support may be in the range of 0.01 wt% to 50
wt%, and more preferably 0.1 wtd to 20 wt% in terms of oxide.
[0013]

10 The catalyst 2 used in the invention includes at least
cne selected from magnesium oxide and calcined hydrotalcite.
In the invention, the calcined hydrotalcite is a MgO-A21,0; s01id
solution obtained by calcining at 200°C or above a hydrotalcite
of Formula 1 below which isa iayered1magnesium—aluminux1double

1- hydroxide.

[0014)]
[Chem. 1]
(Mg ALY (OH) 21" [ (A7) yn  mHR01% 1
[0015]
20 The letter A is an anion, n is a valence of the anicn A,

x usually ranges from 0.20 to 0.33, and m is usually an integer
of about 0 to 4 although greatly varied depending on the
dehydration degree.

[0016]



[0015] 20The letter A is an anion, n is a valence of the anion A, x usually ranges from 0.20 to 0.33, and
m is usually an integer of about O to 4 although greatly varied depending on the dehydration degree.
[0016] 8 Examples of the anions include carbonate ion, sulfate ion, hydroxide ion, fluoride ion,
chloride ion, bromide ion and iodide ion. [0017] 5The magnesium oxide or hydrotalcite may be used as
it is, or these oxides may be supported on inorganic compounds called supports. These compounds
may be obtained by known methods in the art without limitation. For example, hydroxides, carbonates

or the like may be degomposed Lhigh temperalives, 40.The sypparting methads may be.
conventional in the art without limitation, The 'supports are not particularly fimited, and exanmples

thereof include gilica, alumina and titania, with, silicg being preferaple. (00181 5. 1 on ang
iodide ion.
[0017]

3 The magnesium oxide or hydrotalcite may be used as it is,
or these oxides may be supported on inorganic compounds called
supports. These compounds may be cbhtained by known methods in
the art without limitation. For example, hydroxides,
carbenates or the like may be decomposed at high temperatures.

10 The supperting methods may be conventional in the art without
limitation. The supports are not particularly limited, and
examples thereof include silica, alumina and titania, with
silica being preferable.

[0018]

15 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}

20 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 proportions without limitation but will catalyze a

metathesis reaction more effectively when the welght ratio of



15The 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] 20The 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
land the catalyst 2 at any proportions without limitaétion but will catalyze a metathesis reaction more
effectively when the weight ratio of 9 the catalyst 2 is 50% or more relative to the total catalyst weight.

[0020] Examplesof thesstasting-olefins inthe metathesis -5 reactign.inglude linear or cyglic glefins of 2
to 10 carbon atoms. Starting olefins including ethylene and butene give propylene. Starting olefins
includingpéquﬂggr_)dpentane give hexene. The starting olefins may contain paraffins such as methane,
ethane, propane, butane and hexane, and hydrogen. The 10 presence of hydrogen drastically
acceleratggsotgg fnetathesis reaction.

Examples of the starting colefins in the metathesis
> reaction include linear oz cycliciolefins of 2 to 10 carbon
atoms., Starting olefins including ethylene and butene give
propylene. Starting olefins including butene and pentene give
hexene. The starting clefins may contain paraffins such as
methane, ethane, propane, butane and hexane, and hydrogen. The
10  presence of hydrogen drastically accelerates the metathesis
reaction.
(00213
The temperature and pressure in the metathesis reaction
are generally in the range of 25 to 500°C and 0.1 to 20 MPaG,
15 and preferably 100 to 400°C and 0.1 to 10 MPaG. The amount of
the catalysts is not particulariy limited. For example, when
the reacticn is carried out using a fixed-bed flow apparatus,
WHSV is preferably in the range of 1 to 500 k™, and more
preferably 1 o 250 h™* wherein the WHSV represents the amount
20 (weight)} of starting materials per unit time divided by the
weight of the catalyst.
[0022]
The metathesis reaction may ke carried out in any mode

without limitation, but a gas phase flow reaction is preferable.



[0021] The temperature and pressure in the metathesis reaction are generally 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 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 SOO h-1, and more preferably 1 to 250 h-1
wherein the WHSYV represents the amount 20(weigit) of starting materials per unit time divided by the
weight of the catalyst. [0022] The metathesis reaction may be carried out in any mode 10 The catalyst
gggﬁlcnggb@@[%%éza%%% fxgd beds, Jluidized beds and susnended bieds, Any, method may be

and suspended beds. Any method may be applicable.

(00237

The reactivation step of the invention is usually carried

(Wi

out before or after the usual regeneration step, and is more
preferably performed after the usual regeneration step.
(00247
In the usual regeneration treatment in a metathesis
reaction, an oxygen-containing gas is passed at a high
10 temperature to burn off poisonous substances or cokes from the
catalyst. Known regeneraticn methods in the art may be used
witheout limitation.
(00253
After the completion of the reactivation step, it is
15 desired that the metathesis reaction is initiated after a
reduction treatment with a reductive gas such as carbon monoxide
or hydrogen as is generally conducted in the art. Known
reducticon methods in the art may be used without limitation.
[0026]
20 The water at not more than 50°C used in the process of
the invention is liguid 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



The reactivation step of the invention is usually carried 5 out before or after the usual regeneration
step, and is more preferably performed after the usual regeneration step. [0024] In the usual
regeneration treatment in a metathesis reaction, an oxygen-containing gas is passed at a high 10
temperature to burn off poisonous substances or cokes from the catalyst. Known regeneration
methods in the art may be used without limitation.1f0025] After the completion of the reactivation step,
it is 15desired that the metathesis reaction is initiated after a reduction treatment with a reductive gas

such as sationpongxide oLydiggen s sensrall sandiciertingbe ad. Known.cedption methods

in tne art may be used without limitation. [0026] 20The water at not more than 50C used in‘the process

of the invention is liguid phase water, The catalysts,1,a . be soaked.in the water, or the water
may be bggséadr tﬁﬁogu%ﬁéfhé 2ata y%tsp T "é%d % Tﬁ(‘taESL vvéteﬂrthégr%%%)%tué%g pF’e%et%‘b%y 0 tc?1r %)O“ , and more

lyekwm%%%%g{4gggggﬁ¥ga§%m?g§%m¥g%perature for simple precessing.

(0027
5 The time of contact with water at not more than 50°C is

not particularly limited, but is preferably in the range of
30 minutes to 1 week, and more preferably 1 hour to Z4 hours.
The contact ig preferably followed by drying and calcination
to remove water sufficiently. The drying is usually performed

10 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 te 24 hours. The drying and
calecination may be conducted in any atmosphere without

15 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.
[0c28]

The water vapor at not more than 170°C used in the

20 invention 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 vapoxr, cor the water vapor may
be continuously passed through the catalysts 1l and 2. Thewater

vapor temperature is preferably 100 to 170°C, and more



11 exceeds 50C, the catalysts cannot be reactivated sufficiently. The pressure is not particularly
limited, but is preferably normal pressure at room temperature for simple processing. [0027] 5The time
of contact with water at not more than 50C 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 is preferably followed by
drying and calcination to remove water sufficiently; Ihe drying is usually performed 10 at 100 to 300C
for 1 to 120 hours, and particularly preferably at 100 to 200C for 1 to 24 hours. The calcination is
usually performed at.35 700C for 140 120-hours, and particularly preferably at 400 to 600C for 1 to
24 hours??ﬁgn Fy?r;%glgn tgglcihgtitﬁlgéa% be é%?}d%%’[eedvﬁﬁgcé%§ aYr%gggﬁweFee Wit cl)”ﬁ‘ttl%t I|@mitation, and
may be carried out for. %?QqEnplg under vacuum (evacuation), under a stream of inert gas, or under a

i eﬁf/;dré&en gés.“[Bﬁzéiar‘hcéfvyg’tmé%vé:p%?%%ot more than 170C Used in the 20 invention

stream of aif or
is gas phas% water that.is brought into contact with the catalysts 1 and 2, For e the catalysts 1

ample,
and 2 may e %1?o%/?e%%%%tang%hath%rﬁgt%}’l5§p5r,soln file WAEBF vador Hiay be J(:%ﬁtﬂﬁ%%ﬂs@%ssed

through the catalysts 1 and 2. The water vapor temperature is preferably 100 to 170C, and more 12
the catalysts are reactivated more quickly as the pressure 1is

in

closer toe the saturated vapor pressure of water at the
processing temperzture.
[coz29l

The time of contact with water vapor at not more than 170°C
is not particularly limited, but is preferably in the range
lO_ of 30 minutes to 1 week, and more preferably 1 hour to 24 hours.
The contact is 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

o
£

preferably at 400 to 600°C for 1 to 24 hours. The drying and
calcination may be conducted in any atmcsphere without
limitation, and may be carried out for example under vacuum
{(evacuation), under a stream of inert gas, or under a stream
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 advantageocus in that the



preferably 110 to 160C. If the water vapor temperature exceeds 170C, the catalysts cannot be
regenerated sufficiently. The pressure is not particularly limited, but the catalysts are reactivated more
quickly as the pressure is 5 closer to the saturated vapor pressure of water at the processing
temperature. [0029] The time of contact with water vapor at not more than 170C is not particularly
limited, but is preferably in the range 10 of 30 minutes to 1 week, and more preferably 1 hour to 24
hours. The contact is preferably followed by drying and calcination to remove water sufficiently. The

drying isy{gyglﬂy fo(g d.at 100 to 300C far 1 to 120. hours ag? articularly preferably at 100 to
200C for T to Zﬁ?ursgﬁ]é)a%aléiﬁ%%gﬁ fgal}s%g}l} 15 ptglr?or%(ié% a @%8?3 76(%/8 grof to 120 hours, and
particularfy preferably at 400 to0,600C for 1 19 24 hours. The dg_lg%agg calcination may he conducted

. e Lalys m 27 2 regotorn .
in any atmosphere without Timitation, and may be carried ot for example Under vAcUUmm (evacuation),

under a stream 9‘;, ingret fgaf, or_under aargtrengZ% oftagirv %r+hygzg_o en gas, The contacting methods,

drying methods and ca cina%%io‘ﬁ methods d&scribad above-do ot Téstrict fh%rs’cope of the invention,

[0030] 13 catalx;t can be reactivated in the metathesis_reactor. in_detail, the catalyst may be taken out
r‘

from the Feactor Hhd be reattivated i & Sepafate texctivation CoRtaer Saltarnafivalf, A bise or the like

for supplying water or water
o Vapor may be attached to the reactor and the catalyst may be

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

10 [EXAMPLES]
[0031]

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

15 (00323
{(BExample 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 W03/510; in which WOs; was

20  supported on S5i0C; 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 330°C,
which was predetermined as the reaction temperature.

Subsequently, ethylene and Z-butene were supplied to the



5 vapor may be attached to the reactor and the catalyst may be 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. 10[EXAMPLES]
[0031] Hereinbelow, the present invention will be described in greater detail based on examples
without limiting the scope of the invention. 15[00324 (Example 1) A metathesis reaction of ethylene
and 2-butene into propylene was studied. A reactor was packed with a catalyst prepared by physically

mixing 12.0,efWD3/5502 in,which WO3 was,20 supparted,on 5i02.and 48 g Oé_mﬁgf@ligmgide- The

catalyst was pretreated by air calcination at 550C followedbyhydrogen reduction at 550C. The

temperagire was-en (uicted b 390C ot was predetarmingdas heJeadiap feiperajure.

Subsequently, ethylene and 2-butene were supplied to the 14 reactor in amounts such that the molar

ratio of e}\%g% tQ,2-Pytane wg Idhbe 1.5and the );v%g@tg?a%%%éﬁg%%e veIo%iQ/l (é/gl;ﬂl@_‘\/) would be 30

h-1. The weight hourly space velocity was a ratio o of gthylgne and'2-bitane relative
e e e MR e £ e ey for,
afteg 10 Q%urtsh%‘ ha(.a'mrgg%i:onoilpiu\%igpgvflé;‘@.5,?(%4003%3 ction pressure was (0 MPaG.
The conversion was calculated from the proportion of n~butene
consumed in the reaction. The main product was propylene. The
conversion after 10 hours of the reaction initiation was 43.5%.
[00331
10 After 20 hours ¢f 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 reaction was reinitiated. The conversion
after 10 hours of the reaction was 43.0%, showing that the
15 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 2Z20th regeneration by air calcination was used to
catalyze the reaction. The conversicn after 10 hours of the
20 reactionwasonly 0.5%. A degradedcatalyst was thus cbtained.
[0034]
Subsequently, 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



10After 20 hours of the reaction, the supply of the starting materials was suspended. The catalyst was
regenerated by air calcination at 550C for 10 hours. After the regeneration by air calcination, the
reaction was reinitiated. The conversion after 10 hours of the reaction was 43.0%, showing that the 15
activity was slightly lowered after one regeneration treatment. This cycle of metathesis reaction and
regeneration was repeated 20 times at regular intepvals, and the catalyst that had undergone 20th
regeneration by air calcination was used to catalyze the reaction. The conversion after 10 hours of the

20 reactign,was Qnly 0.5%. A degraded, catalyst was thus obtained. 0%34‘&]| Subsequently, 0.6 g of
the degraded catalyst was soaked and was Ieft s\%l%in appré’(im%%elé 50 il of distiled gv%fenr t 25C for
24 hours, The catalyst was then dried af 130C for 15 8 hours and was air ce(ng,Lal(fc;ir%egq at 500C for 2.

hours, resulting In‘a reactivated ca eﬁys}f.e reactivated catalyst was Use catar?/ze“tlhe metathesis

reaction. After Oahou:;s OIELhG rr%a(;tig hthe.con}\f/ersio{_nj.vr\(as 44 SIO/g,mnea{Ixrthe same Ieve_lt s5the .
fresh catalyst The rééiits are set forth in Fig, 1 fO?)%S]‘(Erkam&e ¥+ hg%%cc’e(fﬁes xample 1

were repeated, except that the catajltyst was soak% in_water at 4QC. The reactivated
reacltlion, the converslion Was . 2%, nearly tThe same level as

5 the fresh catalyst. The resulfts are set forth in Fig. 1.
[0025]
(Example 2}
The procedures of Example 1 were repeatedykexcept that
the catalyst was soaked in water at 40°C. The reactivated

10 catalyst was used to catalyze the metathesig reaction. After
10 hours of the reaction, the conversionwas 20.0%. The results
are set forth in Fig. 1.

[CC36]
(Example 3)

15 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.

20 [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



10 catalyst was used to catalyze the metathesis reaction. After 10 hours of the reaction, the
conversion was 20.0%. The results are set forth in Fig 1. [0036] (Example 3) 15The procedures of
Example 1 were repeated, except that the catalyst was soaked in water at 50C. 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. 20[0087] (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 150C gr,ld._,1 O.Zrl\/ISPaG I a rate of Q.OJIZS %Ln%in for. 16.,1 24 C{lf%gﬁrng‘pe_ﬁ%avs %u%polyév%as switched from
water vapor 0 aif, and the catalyst was dried at TEGC Fot D hotirdand was cAlGiRed at 500C for 2

hours, resulting in a reactivated catalyst. The reactivated cat y?it was used fo catalyze the g:etathesis
read on. After 10-hodrs of fhe réaction, the conversion was 39.3%. héarly the SanTé level 5 the fresh
CatalySt'J@%I(’}eﬁugsgé?:%etggggény Fngefsltilting in a reactivated catalyst. The

reactivated catalyst was used to catalyze the metathesis

[#3]

reaction. After 10 hours of the reacticn, the conversion was
32.3%, nearly the same level as the fresh catalyst. The results
are set forth in Fig. 1.

(003287

(Example 5)

10 The procedurss of Example 4 were repeaved, except that
‘the catalyst was treated with water vapor at 170°C and 0.6 MPaG.
The reactivated catalyst was used to catalyze the metathesis
reaction. After 10 hours of the reaction, the conversiocon was

32.4%. The results are set forth in Fig.

(Example ©)

A metathesis reaction c¢f ethylene and Z-butene into
propylene was studied. A reactor was packed with a catalyst
prepared by physically mixing 12 g of W03/31i0y in which WO: was

20 supported cn S5i0; and 48 g of calcined hydrotalcite. The
catalyst was pretreated by air calcination at 530°C followaed
by hydrogen reduction at 550°C. The temperature was then
lowered to 350°C, which was predetermined as the reaction

temperature. 3Bubsequently, sthylene and Z-butene were



[0038] (Example 5) 10The procedures of Example 4 were repeated, except that the catalyst was
treated with water vapor at 170C and 0.6 MPaG. The reactivated catalyst was used to catalyze the
metathesis reaction. After 10 hours of the reaction, the conversion was 32.4%. The results are set
forth in Fig. L. 15[0039] (Example 6) A metathesis reaction of ethylene and 2-butane into
propylene was studied. A reactor was packed withya catalyst prepared by physically mixing 12 g of
WO03/Si02 in which W03 was 20supported on Si02 and 48 g of calcined hydrotalcite. The catalyst was

pretreated by air.calcination at 550C followed by hydrogen reduction at 530C. The temperature was
then Iowgr%g%§§8C,Lv?/h?t:%%véseSrcé‘d%Ferr%rilne%n%ufWégsregﬁ% tefperatife. SUthdEqaétly Cethylene

andz*wg?%%ggaégetoZ*butenewouldbe'lﬂiamﬂtheweighthourlySpace

velocity (WHSV) would be 30 h™". The weight hourly space
velocity was a ratio of the total flow rate of ethylene and
5 2-butene relative to the amount of W0;/310,. The reaction

pressure was 0 MPaG. The conversion was calculated from the
proportion of n-butene consumed in the reaction. The main
product was propylene. The conversion after 17 hours of the
reactlon initiation was 64.4%.

10 (0040]

After 20 hours of the reaction, the supply of the starting
materials was suspended. The catalyst was regenerated by air
calcinatimaatSSOACforIHJhours, After the regeneration, the
reaction was reinitiated. The conversion after 10 hours of the

15  reaction was €4.0%, 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
regenerationwas used to catalyze the reaction. The conversion

20 after 10 hours of the reaction was only 50.8%. A degraded
catalyst was thus obtained.

(0041
Subsequently, 0.6 g of the degraded catalyst was soaked

and was left still in approximately 5C ml of distilled water



supplied to the reactor in amounts such that the molar ratio of ethylene to 2-butene would be 1.5 and
the weight hourly space velocity (WHSV) would be 30The weight hourly space velocity was a ratio of
the total flow rate of ethylene and 52-butene relative to the amount of W03/5i02. The reaction pressure
was 0 MPaG. The conversion was calculated from the proportion of n-butene consumed in the
reaction. The main product was propylene. The cggversion after 17 hours of the reaction initiation was
64.4%. 10[0040] After 20 hours of the reaction, the supply of the starting materials was

suspendedC. ysna ga{t_acljlxs%/as regeneratgg by alr(ﬁcilcmatlon at 550C for 10 hours. After the

regeneration” the reaction wal Teinitiated e cGhvérsioll after 18'hdifs oFtHe 15T8attiorvas 64.0%,

showing that the activity was slightly lowered after one regeneration treatment. This cycle of

metathesis PEAETION HAY FAGBnaratiof WaSTB5EaEE 260%nds ttEgdlal fitervals %ﬁ&ﬁﬁé@é{alyst that
had undergone 20th regeneration was used to catalyze the reaction. The conversion 20 after 10 hours
of the reactich wag ohiy’50.86. 7R Gégridéd catdlst WRRthas BItamMEH [00413 Sutiséquésty, 0.6 g of

the degraded catalyst was soaked 18
to catalyze the metathesis reaction. After 10 hours of

5 reaction, the conversion was 62.9%, nearly the same level as
the fresh catalyst.
10042)
{(Comparztive Example 1}
The procedures of Example 1 were repeated, except that
S 10 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 catalyst reactivated at 80°C was‘ZuO%, and that by the
catalyst reactivated at 100°C was 1.2%. The results are set
15 forth in Fig. 1.
[0043]
(Comparative Example 2)
The procedures of Example 4 were repesated, except that
the catalyst was treated with water vapor at 200°C and 0.2 MPaG.
20 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.



at 25C for 24 hours. The catalyst was then dried at 130C for 8 hours and was air calcined at 500C for
2 hours, resulting in a reactivated catalyst. The reactivated catalyst was used to catalyze the
metathesis reaction. After 10 hours of 5 reaction, the conversion was 62.9%, nearly the same level as
the fresh catalyst. [0042] (Comparative Example 1—')91'he procedures of Example 1 were repeated,
except that 10the catalyst was soaked in water at 80C or 100C. The reactivated catalyst was used to
catalyze the metathesis reaction. After 10 hours of the reaction, the conversion by the catalyst
reactivated at 80C was 2.0%, and that by the catalyst #eactivated at 100C was 1.2%. The results are
set 15forth 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 catalyst was used to catalyze the metathesis reaction. After 10 hours of the reaction, the

conversion was 5IQ%' Thfﬁ%“g%@&%%‘%t fgghggr}g%éing olefins by a metathesis

reaction of starting olefins into different oclefins, a catalyst
5  reactivating method comprising bringing a degraded metathesis
catalyst which i1s 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 comprising at least one selected from magnesium oxide and
10 calcined hydrotalcite into contact with water at not more 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
15 method of claim 1 in which the metathesis catalyst including

the catalyst 1 and the catalyst 2 1s reactivated.

3. A process for producing propylene by a metathesis
20 reaction between ethylene and n-butene in the presence of the

metathesis catalyst comprising the catalyst 1 and the catalyst



19 CLAIMS 1,In a process of producing olefins by a metathesis reaction of starting olef s into different
olefins, a catalyst 5 reactivating method 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 2 comprising at least one selected
from magnesium oxide and 10 calcined hydrotalcite into contact with water at not more than 50C or
water vapor at not more than 170C. 2. An olefin production process by a metathesis reaction,
comprisiag ghste of #)erfgrming the e ct%/atirl%15 mee%ogd()fo%aiml% Ln WQich the metathesis catalyst
including th& ta alys T andfe cdfa yst 2 i< reactivated: K pro“c%ss for producing propylene by
a metathesis 20 reaction between ethylene and n-butene in the presence of the metathesis catalyst
comprising the catalyst 1 and the catalyst 20



2 that are reactivated by the method of claim 1. 21 ABSTRACT A metathesis catalyst which is a
combination including a catalyst 1 comprising a compound that contains at least one 5 metal element
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 reactivated from a degraded
state due to long-term repetitive cycles of reactiomand regeneration at high temperature for 10 burning
off poisonous substances or cokes, to like-new condition or a desired level. An olefin production
process by a metathesis reaction includes a&beg,&%&g?orming the reactivation. A degraded
metathesis catalyst is easily and effectively 15 réactivated by being contacted with water at not more
than 50C or water vapor at not more than 170C.

A metathesls catalyst which is a combination including
a catalyst 1 comprising a compound that contains at least one
5 metal element selected from tungsten, molybdenum and rhenium
and a catalyst 2 comprising at least one selected frommagnesium
oxide and calcined hydrctalcite is easily and effectively
reactivated from a degraded state due to long=~term repetitive
cycles of reacticn and regeneration at high temperature for
10 burning off poisoncus substances or cokes, to like-new
condition or a desired l1evel. An olefin prodﬁctioh,process by
a metathesis reaction includes a step of performing the
reactivation,.
A degraded metathesis catalyst 1s easily and effectively
15 reactivated by being contacted with water at not more than 50°C

or water vapor at not more than 170°C.



