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. 00031E 2
PRODUCTION PROCEESS 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]



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. [0005] Patent Document 3 discloses a
method for iegeperatingpported tungsten oxide catalyst WO3/510; 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



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 from 475 to 600C,
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 15

usually the metathesisreeactiondemperatureds delatively lowrat net mare than 3505, Acgardingly, there
is concern that the catalysts may be adversely affected by contact with water. Patent Document 1:

US Patent No,24, 5756 75:20PatenrtDegtumentz2: WOL20Q64003068,Patent Document 3:
JP-B-559-006698 SUMMARY OF THE INVENTION PROBLEMS TO BE SOLVED BY THE
INVENTION ¢4 [D0D6] It is an object of the present invention that a metathesis
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 teo 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



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 provide an olefin production process by a metathesis reaction
including a stepqof performing the reactivation. In the invention, the term "regeneration” refers to
regeneration of metathesis 15 catalysts by conventional techniques such as air calcination, and the

term “reactivation” refers toregeneration by, the, method of the. present invantion,. {0097) The present

inventorsd diligently to achieve the 20 above o jects. They have then found that a degraded

metathesis eatalyst whichisa.cambinationincluding a catalyst i comprising & campeund that contains
at least one metal element selected from tungsten, molybdenum and rhenium and a catalyst 2

selected froppmagnesiin:oxide apd caleined hyhetalcite can 1he.reactivated tq likeneys genditions for
both the catalyst 1 and the catalyst 2 by contacting the metathesis catalyst with water at not more than

5000 ok wates vaparat Aetmore than270C:and sufficiently. removing wates by drying ang calcination.
5 The present invention has been completed based on the finding. [0008] Ina process of producing

olefins by ametathesisteaction of stasting plefins inte itferent-elefins, a-catalyst teactivating method
comprises bringing a degraded metathesis
calcined hydrotalcite 1s 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  poisonocus substances or cckes, to like-new condition or a
desired level. It is another 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

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 t}jat a degraded metalthesis
catalyst wh_ich 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



10 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 calcined hydrotalcite into contact with water at not more
than 1550C or water vapor at not more than 170C. An olefin production process by a metathesis
reaction according to the present invention comprises a step of performing he regenerating method.
[00091 20In an aspect of the invention, there is provided a process for producing propylene by a

metathesis reaction betwegn gthyleneandn:hufeneinthepresence ofthemetathesascatalyst.gomprising
the catalyst 1 and the catalyst 2 that are reactivated by the above method. 6 ADVANTAGEOUS
EFFECTS QF HRE-INVENTION[001 0} According: to,the- methads, ef the jresent, inyentign . the
water at not more than 50°C or water vapor at not more. than
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.



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] Fig. | is a graph showing relations of the water
treatment temperature and the butene conversion gn Examples of the 15 invention. PREFERRED
EMBODIMENTS FOR CARRYING OUT THE INVENTION [0012] 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 H?ﬁgxhlﬂ“ R@rﬁi%lgr,%j%eé%lcg ﬁs,wgs,f\&%%g%gezm are preferable, and W03 is more
preferable. These oxides, sulfides” 7 or ydroxides may be supported on inorganic compounds called
supports a‘geéqnds of supports are not particularly limited, and examples thereof include silica,
alumina Ein fitania, with silica being particularly preferable. The supporting methods 5 used may be
conventional forzghehskil(liqd in the a,rthand are no%garticuL rly limited. T e amount of the metal element
relative to the support nay be i the' r%n8§ o}qu. Wi% 650 Widh: &hd more %rrletféfja%iy 0.1% to 20

wt% in terms of oxide. [0013; ; _ . . .
5 metathesls catzlyst 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



10The catalyst 2 used in the invention includes at least one selected from magnesium oxide and
calcined hydrotalcite. In the invention, the calcined hydrotalcite is a MgO.Al203sol d solution obtained
by calcining at 300C or above a hydrotalcite of Formula 1 below which is a layered
magnesium-aluminum double 15hydroxide. [0014] [Chem. 1] [Mg2+1..KA13+x(OH)21
x+[(An)x/nmH20]x-1 [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 de%ree. [0016] 8 gxamgles of the,anions include carbonate ion éulfate ign,(pydroxide
. O n% roxidés m%y 2 3 ﬁ%gat%? on Inorganic compouldds calle
ion, fluoride ion, chloride ion, bromideionand iodide 1on.
supports. The kinds of supports are not particularly limited,
and examples therecf include silica, alumina and titania, with
silica 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.
[00132]
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 ¥ [ (A™) y/n *mH,01 %

|

[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]



[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 decomposed at high
temperatures. 10 The supporting methods may be conventional in the art without limitation. The
supports are not particularly limited, and examplesthereof include silica, alumina and titania, with silica
being preferable. [0018] 15The shapes of the catalysts 1 and 2 are not particularly limited. The sizes

thereof may beﬁé m?hde%pgq_gpr}jl%te Q%Q%ndiﬁ'g 0%% jg%% %&%f reactars, The Cf;:al sts may be shaped

by known meth e art without limitation. e ca?aalyset 1 and the cata yst‘fm’ay be

physically mixed together or may be supported together on a single support., The metathesis catalyst
may con%{aﬁ(r(i.i i Oexé“actgglysl”tcfélr’id ‘f'h‘euc%(féﬂi%t3 2 at ény%g}?ﬁggrﬁg%s withdut ir%)ltrgﬁgr? bat will ac}f';ifialyze a

metathesis Crieaé:tiorg more effectively when the weight ratio of 9 the catalyst 2 is 50% or more relative
1 Bl 10O
to the tota?ca‘taﬁlst weight.

[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



[0020] Examples of the starting olefins in the metathesis 5 reaction include linear or cyclic olefins of 2
to 10 carbon atoms. Starting olefins including ethylene and butene give propylene. Starting olefins
includingbutaneandpentane give hexene. The starting olefins may contain paraffins such as methane,
ethane, propane, butane and hexane, and hydrogen. The 10 presence of hydrogen drastically
accelerates the metathesis reaction. [0021] TRe 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 tonl0 MPaG: Jhe amountof the, catalysts is potparticulary limited  Fariexample, yhen the

reaction is carried out using a fixed-bed flow apparatus, WHSYV is preferably in the range of 1 to SOO
h-1, and%qrgipgqferably 1 to 250 h-1 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 be

carried 095 6”2551?’ mode

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.



10 The catalyst packing modes include fixed beds, fluidized beds and suspended beds. Any method
may be applicable. [0023] 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 poisomous 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, 1a5desired that th é’ggestatﬁle ifJ&S‘C ion | 'nj:t)igt 59 after a reduction treatment with
a reductive gas suchas cg%on %n?rﬂox?de or hydcrsogen a!g%sxd%é}eral y éor%d“uucvfedl it eDaPT"E.g Known
reduction, methrs 10 ing arymay.be uged withoyt limitation. [0026] . ., 1 . |

(00231

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



20The water at not more than 50C used in the process of the invention is liquid phase water. The
catalysts 1 and 2 may 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 pressute 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 ragyggj%ég minutes (g, 1 ‘%%‘%;f apd more preferably 1 hou 19,24 baurs, fthe qanfact is

preferab wed by drying and calcination to remove water sufficiently. The drying is usually

performg% 10 at 100 to. 300C forO]ttopléggtqocq%,???@g%&ic%ﬂ%@dpyri%qé%blx 2t100 1o gg%(}_ rilto24
0

hours. The calcination is u%’usalll;/ performed at orlto ours, and particularly

preferably at 400 (0,600C for 1 to 24 hours. The drying and calcination may.he.conducted in any
atmosphers Withotit 15 limitation, and may be carried out for examyfﬂe%n er vacuum (evgcuatlon),

under a %ﬁgg of inert gas, or under a stream of air or hydrogen gas. [0028] The water vapor at not

more than é 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 vapor, or
ey g ugler v

the Water vapor ma Be EntiuctSly passed tHirdulfi e catalyst 1 BRa 2. Thawater Vagdr

temperature is prefe_rablil 100 to 170C, and more , , )
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



12 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 is u I rform t 100 QQC for_1 tq 120 haurs, and particularly preferably at 100 to
200C for%%%%%%ibu?g qeéi:atlc?lnéft%lso,?}n i%"usu%jiyoié %e%"%nflaerd gta%o%rto gfg? % % 120 hours, and
particula[ely_({g%eefgsably 480 ] 6gOCC: J%Ultos 4S h%lérﬁ'n Tk%:e rg/in__ic_;eaned %q}gnaté?n may be conduc_:ted
in any atmospheré without Iimlfeﬁlon, and n?/ay e carried 6uttor éx ﬁle UhdErvacuum (evacuation),
under a s;:tre?m ofjnerﬁ;gas, or.under a stream 20 of air or ié%qurngn, as, The contacting methods,
drying méthods and Lalcihation Metods tsErbed Avoverdo ot ras 'Etj‘tﬁe“sjc%ﬁig%‘fifhekﬁﬁi‘}ention,
[0030] 13 catalyst can be reactivated in the metathesis reactor, in detail, the catalyst may be taken out

from the FeBEtoFarit Be feadtivatedtin aoseffarate réadR/atidn contaifer; altermdtivsls 4 pipeor the like

for supplying water or water i )
> tltser to 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



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[0032} (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 1ggfo;yvg 51,02 in which W03 was 20 supported on.5iQ and148 of magnesium oxide. The
catalyst was pr reegte%a%lng\% célEFna%ﬁﬁ%? §§OCE ?Blldvii&gd&/%ya%o%%ﬁ rgd%cet%ﬁ%a% 550C. The

temperatéjere, wa th%nhlgwer d to 350C WhLIDCQ was predetqcrm%r%ed as the reacggn ;emE%z%%ure.

: a / r
Subsequently, €tiylene and 2-butene were supplied to the “14 FGALLOF i AMRGLTS Sut She molar

ratio of e;@ée ej.tgazj_-be%;ane would be ;ASt%ndrtgg we;gvhtpgurl_y space velocity (WHSV) would be 30
h-1. The Weight hourly Space VelSEiBWAS & ratio of e fotal flowTate 6t étfiyiéne and 2-butane relative

to the amﬁunt of WO03/SiQ2. The reaction pressure was 0 MPaG. The, conversion was calculated from

the propdrtiof offi-bufanie corsimed iff th& *éaction SThE &RFrdduct e ropyene” ¥hétonversion

after. 10 hours of he reaction initiationwas 43.5%. [0033] 10After 20 hours of the reaction, the supply of
thegmuﬁﬁapor 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



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
intervals, and the catalyst that had undergone 20thdregeneration by air calcination was used to
catalyze the reaction. The conversion after 10 hours of the 20 reaction was only 0.5%. A degraded

catalyst was thus-ohtained.[0034] <, Suhsequently, 0,6,9 of the.degraded catalystyas soaked and

was left still in approximately 50 ml of distilled water at 25C for 24 hours. The catalyst was then dried

at 130C far, 15 & ous anc was ai calcined aLR00GJ0r hoys, [esyling o & regstivated catalyst

The reactivated catalyst was used to catalyze the metathesis reaction. After 10 hours o reaction,

the conve(sian was 456, eaty (e same,levelas 5 ihe fesh catalyst, The fesulis are set foth i
e

Fig. 1. [0035] (Example 2) The procedures of EXxample 1 were repeated, except that the catalyst
e B A e o e e S T e
5 to the amount of WO;/5i0;. 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 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



(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[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 150C and 0.2 MPaG at azmte of 0.0125 g/min for 16 24 hours. The gas
supply was switched from water vapor to air, and the catalyst was dried at 150C for 2 hours and was

calcined at 500¢ for 2 hoyrs, resulting in a reactivate st._The reactivated catalyst was used to
catalyze the metathesis rea onsfL ftr(]ac%lﬂocﬁcr)}l%g oéﬁhe(:g é:e?ati#(/)r%otﬁeezcg%n\%irgi%h Was éy§é%n C?1early the
same leve) as (P Jresh.catalyst. The jesuls areyset forth i g 1 ISR (Prameie. 9 1Q10e

ed, except that

procedurjé% of é)?aample WEre repea
to catalyze the metathesis reaction. After 10 hours of the
reaction, the conversion was 44.5%, nearly the 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



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 with a catalyst prepared by physically
mixing 12 g of W03/Si02 in which W03 was 20supgprted on Si02 and 48 g of calcined hydrotalcite.
The catalyst was pretreated by air calcination at 550C followed by hydrogen reduction at 550C. The
temperatuye,was tshen I%\ggred to g,lSlOCiwhwngh was Prcecd,%taec{n%iggg quatrheevrexc;lél:g\jorjnf tetrgper.agure.
Subsequently, t}ﬁyléne and 2butens wete 17 supplied to the réactor in AMGUNnts suchthat'the molar
ratio of ethylene to 2-butene would be 1.5 and the weight hourly space velocity (WHSV) wouyld be
30The w%%%t‘h%% rIS/as‘”p%?:g Velodity \9‘555* eadre?t?b (”*;tﬁle &%f‘a? ﬁgév)prlé)t%roﬁ eatﬂée%%saﬁg 55 ﬂ?e%ﬁe relative
to the am un%%ff}lgOQ,/B?iog. ];I' he reacg%n ﬁ essure was 0 MPaG., The conversLon was calc%Iated from
the propdriioh”of n-butené coRSdmedin IHe redttion  The Main productwas propifene. TheTconversion

after 17 hours of the reaction initiation was 64.4%,. . )
reactivatea catalyst was used to catalyze the metathesis

[#3]
i
o
3
(3
1
=
o]
s

After 10 hours of the reactilion, 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 conversion 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



10[0040] After 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, the reaction
was reinitiated. The conversion after 10 hours of the 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 intgrvals, and the catalyst that had undergone 20th
regeneration was used to catalyze the reaction. The conversion 20 after 10 hours of the reaction was
only 50.8§/%DAD _dLe%rad_gd c?;ialys; was thus pbtained. [}(3041 Su%s]gcﬁluently 069 gf the degr,aded
catalyst was soaked 18 at 25CTor 24 Rburs’ THE Ratalyst Was dried AF1306 #or 8 RourS and was
air calcined at éoog for 2tho%r§? re_sulting in ire ctivated catalyst. The reactivated_catalyst was used
Se étathesis Teaction Aftel T noursof 5 teabfiof; e CorfdFsion Was/65 1096 hearly the

to catalyZe the me
same level as the fresh catalyst. [0042] g:omjoaratim\{e Example 1) The procedures of Example 1 were
e 50 h'*. The welight hourly space

repeated; xcept tha (WHSY would

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



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 reactivated 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, §.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 for}ch ér%EI@OfI rlg%:LAIMS 1,Inm process ?Cffrgducingi_olefins‘ by a metathesis reaction of
starting G1&f & intd différent ol8Hins® a catal§std réachvating: hethSd cOmpRging blinging & 8égraded
metathesjs catalyst which is a combination including a catgg]st 1 comprising a compound that contains

at least ohe 1MEtar efdhierPstlécted fiomtaRGSteri, mofyBdendrfi and rh8HitfY akd & thtalykt 2

comprising at least one selected from_magnesium oxide and
17l 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.
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.



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, 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 is reactivated. 3. A process for prdgucing 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-h.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 reaction and regeneration at high

tempemeEfor]J In a process of producing 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



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 step of performing the reactivation. A
degraded metathesis catalyst is easily and effectively 15 reactivated by being contacted with water at
not more than 50C or water vapor at not more than 170C.

20

2 that are reactivated by the method of claim 1.



