DESCRIPTION Title of Invention OLEFIN PRODUCTION PROCESS 5 Technical Field [0001] The
present invention relates to processes for producing olefins by a metathesis reaction of identical or
different 10olefins. Background Art [0002] A metathesis reaction involves identical or different 15
olefinsat are reacted with each other and affords olefins having a different structure. This reaction is
very advantageous because it can cope with changes in olefin demands by interconverting ethylene,
propylene, butenes and the like that are pro%ﬁg&g b%/Pnaéphtha cracking at certain proportions. 20[0003]
Olefin production processes by a metathesisrea tiort h \%\Tbeen improved. For example, Patent
Document 1 discloses a process of producing propylene by a metathesis reaction of ethylene and
2-butane wherein the conversion is increased by 2

Title of Invention

OLEFIN PRODUCTICN PROCESS

Technical Field
[0001]
The present invention relates to processes for producing
clefins by a metathesis reaction of identical cor different

i0 olefins.

Background Art
[0002]
A metathesis reaction involves identical or different
15 clefins that are reacted with each other and affords olefins
having a different structure. This reaction is very
advantageous because 1t can cope with.changes in clefin demands
by interconverting ethylene, propylene, butenes and the like
that are produced by naphtha cracking at certain proportions.
20 [0CG3]
Olefinpreduction processes by ametathesis reaction have
been improved. For example, Patent Document 1 discloses a
process of producing prepylene by a metathesis reaction of

ethylene and 2Z2-butene wherein the conversion ig increased by



using a catalyst mixture that contains a silica-supported tungsten oxide catalyst W03/Si02 and a
magnesium oxide catalyst. Patent Document 2 discloses a process of producing propylene by a
metathesis reaction of ethylene and n-butane Whid‘binvolves 5 a metathesis catalyst/co-catalyst
mixture and a small amount of hydrogen whereby the metathesis reaction can take place at a
sufficiently high industrial reaction rate even at low temperatures. [0004] 10However, the catalysts
used in the metathesis %cfiog éh?ﬁrg{ a&tgé, a,cl%oatpecrg%t thesis catalé ts) lower activit%/ with time,

2] Shis, Statting SIRfitd 6 catalyst

UsS 11 . a10S .
though the deterioration egPées vary depending on reaction ¢onditio
types. In particular, the catalytic activity is_quickly. lowered due to 15 catalyst poisoning by impurities
containedi%gf%?tlsﬁ%%]lleﬁﬁ{sjf %%/rc gga%ﬁ’lé? ot atle(r% BRUTBRE L e SHibES tHAT tha catalticactivity is
deteriorat ver time due to catalyst poisoning by trace impurities contained in starting olefins (such
as oxyger%%gn%ﬁi%oc%%apeo%%dg s% Ecaéoﬁgtgr,%lé)o%oocfsf StGHed 30 ANE &llers iy Lene
sulfur-congainin%_cgmggunds such as ,merg}géjtans a"!nd thiophenes) or due tg coking that is deposition
of heavy by pfodicts onthe EatalySts: [Jo05] ThEse Frobleme Are AddiessBl by sdffidgnthFrémoving
3 impurities from startinglolefins beforehand by for example distillation, hydrogenation, extraction or
adsorptiort: AlferRativeR/: the Cataly SR IE tagercrdtéd at FegUidrinterials by Passing A 2 i &
oxygen-containing gas through the 5 reactor at high temperature to burn off poisonous substances or
heavy depbsits SheA&d ol the ERAIVSIS tRefeby Maihtairifg Catahiticactvity o006 MparEicular, the
metathesis catalysts are very liable 10 to be poisoned by impurities, and quickly reduce the activity in
the presefce 0t vety tra&e-arolin@ bf impUrities! TherefGre it i neces8ary that starting Blefins are
purified thoroughly to remove impurities contained in the starting olefins. In general, adsorption is an
effective putifi€atichtéthdd for

[G004)

10 However, the catalysts used in the metathesis reaction
(hereinafter, also the metathesis catalysts) lower activity
with time, though the deterioration degrees vary depending on
reaction conditions, starting olefins or catalyst types. In
particular, the catalytic activity is quickly lowered due to

15 catalyst poisoning by impurities contained in starting olefins.
For example, Non-Patent Document 1 describes that the catalvtic
activity is deteriorated over time due to catalyst poisoning
by trace impurities contained in starting olefins (such as
oxygen-containing compounds such as water, alcohols, ketones

20 and ethers, and sulfur-containing compounds guch as mercaptans
and thiophenes) or due to coking that is deposition of heavy
by-preoducts on the catalysts.

[0005]

These problems are addressed by sufficiently removing



15 removing trace amounts of impurities. In detail, an unpurified starting olefin is passed through an
adsorption purification column filled with an inorganic material (an adsorbent) capable of high
adsorption performance. Patent Document 3 describes that trace unidentified impurities contained in a
starting 20 olefin are removed with use of magnesiudm oxide, and the metathesis catalyst activity is
greatly improved as a result. [0007] Similar to the catalysts, the adsorbents also lower
performan&% V\{litPiterrlx% gn% %hus tggg are re ulqg%/ fegen rated 41%/ b rréing gff substancis adsorbed
thereto by Passing an oxygen-containing gas at high tdmperaturé, rnt% etathihg stibstances
adsorbed thereto assing an inert gas such as nitrogen. [0008] However, insufficient
regeneratgﬁ %%r %)\l/bgr%rﬁg %ég%r%%‘ﬂ%ﬁq of %(Lj%é)rﬂént%}%géiﬂt%%ﬁ VBryFacE SRt ¥F impurities
remaining_in starting qlefins. Such impurities are supplied to a metathesis reactor and poison the
catalyst to ‘10-drasficatly fower the tétattesis atalfticCadtivity HHis brobléh cbidbe?doped with by
exchanging the adsorbents more frequently or increasing the number of adsorption purification

columns. These cothtermealares  Rowaler® §reatly ifcréasa dbiy 18foh0df O Altefnafively, a

metathesis reaction step and a catalyst regeneration step may be operated at shorter cycles and the

3

regeneration & peratire mal beSRiseaas ShertéR the fdyehefatinitifg WherebyPthbdasétons are
repeatedly 20 conducted for short periods but with high catalytic activity. However, catalysts and in
particular btz o ERaR stsSsueh Emagnedium BRide YréatkFrediuce ffe ittace area upon

regeneration at high temperatures. The surface area of catalysts is a factor that determines catalytic
peﬁownmﬁ%§n%alning catalytic activity.

(0006}
In particular, the metathesis catalysts are very liable
10 to be poisoned by impurities, and gquickly reduce the activity
in the presence of very trace amounts of impurities. Therefore,
it i1s necessary that starting olefins are purified thoroughly
te remove impurities contained in the starting oclefins. In
general, adsorption is an effective purification method for
15  removing trace amounts of impurities. Indetail, anunpurified
starting colefin is passed through an adsorption purification
column filledwith an inorganicmaterial {an adsorbent) capable
of high adsorption performance. Patent Document 3 describes
that trace unidentified impurities contained in a starting
20 oclefin are removed with use of magnesium oxide, and the
metathesis catalyst activity is greatly improved as a result.
[0007]
Similar to the catalysts, the adsorbents alsoc lower

performance with time and thus they are regularly regenerated



and a larger surface area provides a higher catalytic performance. Therefore, a reduced surface area
of a catalyst by high temperature regeneration leads to lower catalytic activity. Thus, processes
involving regeneration at high temperatures are not practical. Citation List Patent Literature [0010]
10Patent Document 1: US Patent No. 4,575,575 Pdtent Document 2: WO 2006/093058 Patent
Document 3: US Patent No. 3,658,929 Non Patent Literature [0011] 15 Non-Patent Document 1:
Applied Industrial Catalysis, Volume 3, p. 220 Summary of Invention Technical Problem 20[0012]

It is an objeét GFHhE IMVRnHdm tprosiR E Frocass Eapttie S 5t66UGIng BIfifAs Siably &%d efficiently

by a metathesis reaction of jdentical or different olefins while preventing the lowering in metathesis
catalyst a@fiy Blie 6 b ffdde iffpufifiés &lch ad heteFgMGmacontdiing EoRipotiRds tHat afke

contained in a starting olefin. Solution to Problem
substances adsorbed thereto by passing an inert gas such as

nitrogen,
5 (00081

However, insufficient regeneration or over—time
degradation of adsorbents results in very trace amounts of
impurities remaining in starting olefins. Such impurities are
supplied to a metathesis reactor and poison the catalyst to

10 drastically lower the metathesis catalytic activity. This
problem could be coped with by exchanging the adscrbents more
frequently or increasing the number of adsorption purification
columns. These cecuntermeasures, however, greatly increase
costs.

15 [G009]

Alternatively, a2 metathesis reaction step and a catalyst
regeneration step may be operated at shorter cycles and the
regeneration temperature may be raised to shorten the
regeneratioﬁ time whereby the reactions are repeatedly

20 conducted for short‘periods but with high catalytic activity.
However, catalysts and in particular isomerization catalysts
such as magnesium oxide greatly reduce the surface area upon
regeneration at high temperatures. The surface area of

catalysts is a factor that determines catalytic performances,



5[0013] The present inventors studied diligently and have found that a metathesis catalyst and an
isomerization catalyst including calcined hydrotalcite or yttrium oxide can catalyze a metathesis
reaction of identical or different olefins while 10 preé/enting the lowering in metathesis catalyst activity
due to trace impurities such as heteroatom-containing compounds that are contained in a starting
olefin, and can thereby afford olefins stably and efficiently over long periods. This advantageous effect

is more markgd wilen a startén@[%Jefin gas is fed at a.sgﬁerfici | veloci%y of 0.01, to 2.0 m/sec.

Advantag(%lus Effects 8f Irnventlona[f)ﬁli]r&@co?éiﬁgJto e dle inlﬁr%%l cfih rotedses of the

20present invention, the metall;gesig %ataglst activiéy is rgaintai&ed sta%l\y for I?w periods even if the
starting ol&fin EGritains trace am%ﬁr?ts’%ﬁmpﬁriﬁgs SUch a8 hétetdatort-contami gccao {ffhds.
Accordingly, no special equipment is required such.as adforption purification columns 7 for purifying
ctarting olefne: ad ofGTHACah B Py oB UGS R SIGNTCARE Stivahaghs 1§ the ASbtls dFsafery,
processing and costs. Further, isomerization catalysts including calcined hydrotalcite or yttrium oxide
possess High's Yherthal stabiiity, andthefetsre the CatalyStdmas hetegérerated st igher
temperatures. As a result, the catalyst regeneration time may be shortened and a metathesis reaction
step dnd & EABREREYeRaratibh stepmBy Be'opefdted at shorter cycles, enabling efficient olefin
production. 10 Description of Embodiments [0015]

Citation List
Patent Literature
[0010]
10 Patent Document 1: US Patent No. 4,375,575
Patent Document 2: WO 2006/093058
Patent Document 3: US Patent No. 3,658,929
Non Patent Literature
[0011]
15  HNon-Patent Document 1: Applied Industrial Catalysis, Volume

3, p. 220

Summary of Invention
Technical Problem
20 [0012]
It is an object of the invention to provide a process
capable of producing olefins stably and efficiently by a
metathesis reaction of identical or different olefins while

preventing the lowering in metathesis catalyst activity due



An olefin production process according to the present invention comprises supplying a starting olefin
containing 15 more than 0 ppm by weight to not more than 10 ppm by weight of one or more kinds of
heteroatom-containing compounds to a reactor that contains a metathesis catalyst and an
isomerization catalyst including calcined hydrotalcitg or yttrium oxide, and performing a metathesis
reaction of 20 identical or different olefins to produce an olefin having another different structure.
[0016] tSta{tinag alefins used in the olefin prod ctionégenerall;_/ contain one or more kinds of
heteroatom<containing tompounds 8 &< L?rﬁie%?ﬁ[ fACE AMBUAR Hs deschifed 8BBE Stith
impurities ctgntained in the starting olefins lower the activity of metathesis catalysts and hinder

long-term Stable 81&fin Broduto This, Corventional lfihroduction processes by 5 a metathesis

reaction involve removing impurities from starting olefins to make sure that identical or different olefins
are reacted into other kinds of olefins stably over long periods while the metathesis catalysts maintain
activity. The remaoval of impurities requires special equipment such as 10 adsorption purification
columns. [0B1F* * °"intRe bidtin-BiBduction processes of the present invention, a metathesis reaction
of identical or different olefins is catalyzed by a metathesis catalyst and an 15 isomerization catalyst
includﬁng calCiféd ﬂwydrotalcite or yttrium oxide. The metathesis catalyst is prevented from degradation
and the metathesis reaction activity is maintained stably for long periods even if starting olefins contain
trace amounts of iMpErkies $HEM as'heteroatom TohthifiAg €ompdBRds. 2 Ad d'rssait! entical or
different olefins are stably and efficiently reacted by a metathesis reaction to afford olefins having
another difféfeht atriiGare: [6018F TRE hietithesid catalyists fiPtheiiventibf toftaimat st

inciuding calcined hydrotalcite or yttrium oxide can catalyze
a metathesis reaction of identical or different olefins while
10 preventing the lowering in metathesis catalyst activity due
To trace impurities such as hetercatom-containing compounds
that are contained in a starting olefin, and can thereby afford
olefins stably and efficiently over long periods. This
advantageous effect 1is more marked when a starting olefin gas

15 1is fed at a superficial velocity of 0.01 to 2.0 m/sec.

Advantageous Effects of Invention
[0014]
According tce the clefin production processes of the
20  present invention, the metathesis catalyst activity is
maintained stably for long periods even if the starting olefin
contains trace amounts of impurities such as
heterocateom-containing compounds. Accordingly, no special

equipment is required such as adsorption purification columns



9 least one metal element selected from tungsten, molybdenum and rhenium. In particular, metathesis
catalysts containing tungsten are preferable. The structures of tungsten, molybdenum and rhenium are
not limited, and oxides, sulfides 5 and hydroxides may be used. In particular, oxides such as W03,
MoO3andRe207are preferable, and W03 is more p?eferable. These oxides, sulfides or hydroxides may
be supported on inorganic compounds called supports. The supports are not particularly limited, and
examples thereof include silica, alumina and 10 titania, with silica being particularly preferable. The
supporting MEHEYS maydeTcohvantional aid afe A6t paficul&rhy imited. e ifioaritst ik fhetal
element relative to the support may be, for example in the case of oxides, 0.01 wt% to 50 wt%, and
more preférably ¢°1 W%%mt%‘ﬂﬁ%?%g%‘? 150%idé NBoFGHR Hesinvéntioht 8alémed hydrotalcite is
a MgO.AI203 solid solution obtained by calcining at 300C or above a  hydrotalcite of Formula (i)
below whiElf 878 yered 2“61F?laijﬂé§ﬁm-aﬁ%ﬁﬁ%ﬁ%ub@%&ﬁé&{@@ﬁ}WI@M)S,M.B% (OH))2][
(An-) x/n TH20] x- (1) wherein A is an anion, n is a valence of the anion A, x usually ranges from
0.20 to 0.33} Ghd M iCuSEIy dIFifté gt T 26 460 Tfo A Eithough greslly wariabtedepérding on the

dehydration degree. [00211
5 hermal stability, and therefore the catalysts may be

regenerated at higher temperatures. As a result, the catalyst
regeneration time may be shortened and a metathesis reaction
step and a catalyst regeneraticn step may be operated at shorter
cvoles, enabliné efficient colefin production.
10
Description of Fmbodiments
[0015]
An olefin production process according to the present
invention comprises supplying a starting olefin ceontaining
1> more than O ppm by weight to not more than 10 ppm by weight
of one or more kinds of heterocatom-containing compounds to a
reactoxr that contains a metathesis catalyst and an
isomerization catalyst including calcined hydrotalcite or
yttrium oxide, and performing a metathesis reaction of
20 identical or different olefins to produce an olefin having
another different structure.
[0016]
Starting olefins used in the olefin production generally

contain one or more kinds of heterocatom-containing compounds



Examples of the anions A include carbonate ion, sulfate 5 ion, hydroxide ion, fluoride ion, chloride ion,
bromide ion and iodide ion. [0022] The calcined hydrotalcite may be identified by for example
powder X-ray diffraction (XRD). The calcined 10 hydrotalcite shows a broad peak at the same
diffraction angle as magnesium oxide. When the calcined hydrotalcite is soaked in water overnight and
is thereafter dried at about 100C, XRD provides a diffraction peak assigned to hydrotalcite. [0023]
15The isomerization catalysts used in the invention contain the calcined hydrotalcite or yttrium oxide.
The calcind hyarotaltite %F yttiunT bRide My he E§e@§inﬁf§/sacsrth8‘?§iorﬁér%‘éﬁon C?ifzﬁ%st, or they
may be supported on inorganic compounds called supports. The calcined hydrotalcite or 20
yttriumoxié)elﬁﬁﬁﬁﬁe‘ob?ﬁ nedBy kABWH mBthods Tt the"art Withott fimitatioh SEor Bxahiié, Yiriim
hydroxide or hydrotalcite may be formed by a precipitation method or a coprecipitation method and
may be détbmposad At figh temparafires. ARSMALVEN confthércialy Availabie- §ttriur BéBtate,
yttrium nitrate or yttrium carbonate maybe decomposed at high temperatures. The supporting methods
may be cohvBAtiorat #'the ditWwithtit TFfAGd The SUBports BF& ABCHarfeuRr R Fmitees &hd
examples thereof include silica, alumina and 5titania. [0024] The shapes of the metathesis
catalysts and'thedsdifiérization tatalysts (Hereindfter” BHE3E catalysi® Hiay becollBEively referred to as
the catalysts) are not particularly 10 limited. The sizes of the catalysts may be selected appropriately

depending’ o frie' §i2e f feattors Frnetédtdly sts iiay- Bé Shaped by Kiiowr? etiddssn eme art without

limitation. . ‘
olefins are reacted into other kinds of olefins stably over

long periods while the metathesis catalysts maintain activity.
The removal of impurities requires special eguipment such as
10 adsorption purification columns.
[0017]

In the olefin production processes of the present
invention, a metathesis reaction of identical or different
olefins is catalyzed by a metathesis catalyst and an

15 iscmerization catalyst including calcined hydrotalcite or
yttrium oxide. The metathesis catalyst is prevented from
degradation and the metathesis reaction activity is maintained
stably for long periods even if starting olefins contain trace
amounts of impurities such as hetercatom-containing compounds.

20 As a result, identical or different olefins are stably and
efficiently reacted by a metathesis reaction to afford olefins
having another different structure.

[G018]

The metathesis catalysts in the invention contain at



[0025] The metathesis catalyst and the isomerization catalyst 15 may be physically mixed together or
may be supported together on a single support. The catalyst may contain the metathesis catalyst and
the isomerization catalyst at any proportions without limitation but tends to catalyze a metathesis
reaction more effectively when the weight ratio of thé isomerization 20catalyst is 50% or more relative
to the total catalyst weight. [0026] The metathesis reaction temperature is generally in the range of 25
to 500C, preferably 100 to 400C, and more preferably 200 to 350C. This metathesis reaction
temperaturé ﬁ%tegﬁﬁé%%ﬁﬁﬁtﬁeléﬂgﬁ}&ss §&%§l§? eI B GFimpritiel SEenEsa nd
heteroatom-containing compounds contained in starting olefins and are thereby prevented from
degradation &nd t8hd to MaitHir netdthcsis PEaction HEctivity foF fohy DefiodS 'S ThHR t8fdency is more
prominent at higher reaction temperatures. The metathesis reaction pressure is generally in the range
of 0.1 to 20'MIBAG Eand* preférabIiy - 50 t0 MPAE. [Db2YFTHE EMmotift R Eatlysts is not
particularly limited. 10 For example, when the metathesis reaction is carried out using a fixed-bed flow
apparatuﬁWH’W@ﬁr%f&%ﬁlyri%?ﬁé Fahgert 1155500 Fil, i mdrsipretdraBly 1 65250 Hif Wherein
the WHSV represents the amount (weight) of starting olefin per unit time divided by the weight of the
metaﬁmesié%é)télyé%?f?ﬁeéﬁej may e HidtathesisTteaetion fiaybe carfibdvutss anyermdieawithout
limitation, but a gas phase flow reaction s preferable. The catalyst packing modes include fixed beds,
fluidized D&dS afd Suspended BetlsS 26[0BR9E « and W03 is more preferable. These

oxides, sulfides or hydroxides may be supported on inorganic
compounds called supports. The supports are not particularly
limited, and examples therecof include silica, alumina and
10 titania, with silica being particularly preferable. The
supporting methoeds may be conventicnal and are not particularly
limited. The amount of the metal element relative to the
suppori may be, for example in The case of oxides, 0.01 wt%
te 50 wt%, and more preferably 0.1 wt% to 20 wt% in terms of
15  oxide.
(00197
In the invention, calcined hydrotalcite is a Mg0-Al:0;
solid solution obtained by calcining at 300°C or above a
hydrotalcite of Formula (i) below which is a layered
20 magnesium-aluminum double hydroxide.
[00620]
[Mg® 1AL (OH) 21 [ (A™) wym mH,01 %7 v v (1)
wherein A 1s an anion, n is a valence of the anion A, x

usually ranges from C.20 to 0.33, and m is usually an integer



In a preferred embodiment, the catalysts are activated prior to the metathesis reaction by calcining the
catalysts at high temperatures under a stream of an inert gas such as nitrogen thereby to detach and
remove water, carbon dioxide 13 and organic matters attached to the catalysts, and thereafter
reducing the catalysts with reductive gases such as tarbon monoxide and hydrogen. This
pretreatment may be carried out by known methods in the art without limitation. 5[0030] The olefin
production processes of the inyentjon may include a step in which the metathesis catalyst and the
isomerizat%%n @agtgl%t Z)fretrggenearit% Oalféﬁoéroefaa% %e%ﬁéﬁﬁ%%ﬁet%ﬁ%%%%ﬁ@ti&? The®
temperature jn the catalyst regeneration is preferably in the range of 500 to 700C, and more preferably
500 to GOdj(?.n?]h%rﬁae%}e‘ﬁ aﬁg%fé?ﬁperature in this range permits quick catalyst regeneration and
efficient olefin production as a result. [0031] 15In an exemplary catalyst regeneration process, an
oxygen-cong(giﬁ% }gas Is passed through the reactor at a temperature of 500C or above to quickly
burn off poisonous substances or heavy deposits attached on the catalysts during the reaction. The
catalyst regeneratit By Be perfdritfe by~ 98 Rnbwhinethdts iA i ark WithbaPlimitingtAé Scope of
the invention. [0032] The starting olefins used in the invention are not particularly limited, bur lower
olefing are-preferabie” A ERampIBs of thedidfitts iheilide Sthyfenkl proifiendd Takée, 2Butene,
2-pentene, 2-hexene, 4-methyl-2-pentene and 3-methyl-I-butene. The olefins may be used singly, or
two or mofé'Kind8 M&iFoe-@¥ed in combination. Starting olefins |

[0022]
The calcined hydrotalcite may be identified by for
example powder ¥X-ray diffraction (XRD). The calcined

10 hydrotalcite shows a broad peak at the same diffraction angle
as magnesium oxide. When the calcined hydrotalcite is soaked
in water overnight and is thereafter dried at about 100°C, XRD
provides a diffraction peak assigned to hydrotalcite.

[0023]

15 The isomerization catalysts used in the invention contain
the calcined hydrotalcite or yttrium oxide. The calcined
hydrotalcite or yttrium oxide may be used singly as the
isomerization catalyst, or they mav be supported on inorganic
compounds called supports. The calcined hydrotalcite or

20  yttriumoxide may be obtained by known methods in the art without
limitation. For example, yttrium hydroxide cor hydrotalcite
may be formed by a precipitation method or a coprecipitation
method and may be decomposed at high temperatures. |

Alternatively, commercially available yttrium acetate,



5 including ethylene and 2-butene give propylene. Starting olefins including ethylene and 2-pentene
give propylene and 1-butene. Starting olefins including ethylene and 2-hexene give propylene and
1-pentene. Starting olefins including ethylene and 2-methyl-2-butene give propylene and isobutene. 10
Starting olefins including ethylene and 4-methyl-2-[3éntene give propylene and 3-methyl-1-butene.
Since the metathesis reactions are reversible, the above exemplary reactions may be reversed by
selecting reg%tio.n condi;ﬁionstand the starting olefins mzay be produced from the olefins produced.
15[0033] I} the metathesisTreactionSiefing Bré GSEEAS Féadtivh, Materais o eNieWpdiht of
production, efficiency, starting olefins are preferably free from saturated hydrocarbons such as
methane, S(HARE. ProPaRE, n-butkne® 285S0butdle, Fentiheamffexine Howdver, HHE alkdhes do not
inhibit the metathesis reaction and thus may be present in the starting olefins. [00341 When two or
more kinds Of ofefind’dre (i5&d in'the "F5 ietathe i Fealthai he amounts bfthé biefinsar ihe starting
olefins (the molar ratio) are not particularly limited. When the two or more kinds of olefins include

ethylene, the"EtiyiEne EohteRtis Preferably i diiéss bveriRs ofher bigtins oHtEInEd Sinthe starting

olefins. For example, when ethylene and 2-butane are reacted to give propylene, the molar ratio of
ethyléne t& hHtitane (the total of 1-butene and 2-butene) (ethylene/n-butene) is generally in the range
of 1 to 50, and preferably about 1 to 5. If this ratio is too small, reaction 10 preferentially takes place
between butéies® If the ratio is too large, considerable equipment and energy are required to recover
unreacted ethylene. [0035] In a ;particularly preferred embodiment of the olefin 15 production
processes, the startifig 8IRFIRS chide EthylBfd and fisbiteried B metdthesié rédetions include a

metathesis . _
lsomerization catalysts (hereinafter, these catalysts may be

collectively referred to as the catalysts) are not particularly
10 iimited. The sizes of the catalysts may be selected
appropriately depending on the size of reactors. The catalysts
may be shaped by known methods in the art without limitation.
[0025]
The metathesis catalyst and the isomerization catalyst
15 may be physically mixed together or may be supported together
on a single support. The catalyst may contain the metathesis
catalyst and the isomerization catalyst at any proportions
without limitation but tends to catalvze a metathesis reaction
more effectively when the weight ratio of the isomerization
20 catalyst is 50% or more relative to the total catalyst weight.
[0026]
The metathesis reacticn temperature is generally in the
range of 25 to 500°C, preferably 100 to 400°C, and more

preferably 200 to 350°C. This metathesis reaction temperature



reaction between ethylene and 2-butene, and the olefins produced include propylene. When the
starting olefins include ethylene and n-butene, propylene can be obtained efficiently 20 by a
metathesis reaction between ethylene and 2-butene, [0036] In the invention, n-butene may be
2-butene that is required for metathesis reaction with ethylene to produce propylene, or may be
1-butene that is isomerized into 2-butane 16 by the isomerization catalyst in the reactor. Instead of
n-butene, a 04 mixture containing n-butene may be used. In the invention, the 04 mixture refers to a
mixture of W5 ‘oF Riore Kifids bt fE&%Eg&ﬁdééﬁ(?ﬁgs%?&l%ﬁﬁs%ﬂ%ﬁa?ﬁfﬁ%?&ﬁd‘§3e%§entially
contains n-butene. Examples of the 04 mixtures include 04 raff.nates containing 04 olefins and 04
paraffins. THe 84 5ietifis chide M btenE 1 butéhé ZUBateRePand isobhisite. The 64 patdifins
include n-buytane and isobutane. [0037] 10The weight of n-butene (the total of 1-butene and 2-butene)
is preferably ROt R8s fikh T09%, ardfore’ preférably it 16sE tHan 280 et HaveigRCof the 04
mixture. The 04 paraffins such as n-butane and isobutane may be contained at any proportions since
they do not patticipHté imthe IS e Etnesis feattion HAWeveY, the wieight of Batare (i total of
n-butane and isobutane) is preferably not more than 90%, and more preferably not more than 80%
based on the'Weight OF tHe 04 hiktare AE6BUERE brodutts bypredies by a hfsTRRESIS ¥estion with
1-butene or 2-butene, but may be contained in 20 the 04 mixture as long as its concentration is not
extremely High T WBigRL 6f iSBBGEHE Ts Pretdrablenéttmers than B0% and Aforegeferaly not
more than 20% based on the weight of the 04 mixture. Preferably, dienes such as butadiene and
trienes aré suffiEiently réffc\ed frai the 64 friirtares BY- 17 extractiot vt Bydrogenation. [0038]

[0027]
The amount of the catalysts is not particularly limited.
1c For example, when the metathesis 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 oclefin per unit
time divided by the weight of the metathesis catalyst.
15 [0028]
The metathesis reaction may be carried out in any mode
without limitation, but a gas phase flow reaction is preferable.
The catalyst packing modes include fixed beds, fiuidized beds
and suspended beds.
20 [CO29]
In a preferred embodiment, the catalysts are activated
prior to the metathesis reaction by calcining the catalysts
at high temperatures under a stream of an inert gas such as

nitrogen thereby to detach and remove water, carbon dioxide



It is ideal for the metathesis reaction that starting olefins do not contain impurities that can poison the
catalysts, 5 such as oxygen-containing compounds, sulfur-containing compounds and other
heteroatom-containing compounds. However, it is c%icallyverydifficult to obtain such starting olefins
from the viewpoints of processing and costs. [003% OIn the invention, the starting olefin may contain
more than O ppm by weight to not more than 10 ppm by weight of one or more kinds of
heteroatom-containing.compounds. The heteroatom-cantaining compounds may be oxygen-containing
compouno%%%& ggl?ulgr]}c%r‘ﬁgiﬁl?{n%rcson%gﬁncfé.e‘?hié%gﬁé%nﬁaaﬁggﬁ Xg%j?fhea HgtengtB%-ggnEigining
compounds in the starting olefin may be more than 0 ppm by weight to not more than 10 ppm by
weight, préff%gr;ébcfﬁ“rﬁ%ret fan 0 Eghngﬁsytv?/ei"éﬁfc ﬁ% not drgutrﬁ):rié jtf%;a% §%S%Sbyg\%/‘é ht, Andstifl Hore
preferably more than 0.1 ppm by weight to not.more than 1 ppm by weight. In general, the 20
metathesE Catalyst By 16 STASHEARY deterioratd Wheh a-SRng ISt EofimpLRes such as
heteroatom-containing compounds at the above concentration. In the present invention, however, the
metathesi§ Yeattioh s B&taly284 by the rietathesi& taaR/st incdmbifdtiowith the 18 isomerization
catalyst including calcined hydrotalcite or yttrium oxide. The present inventiontherebyprevents drastic
deterioration ot %qﬁé metathesis catalyst activity by trace impu ties such as heteroatom-containing
compounds that are 5 contained in the starting olefins. [0040] Examples of the oxygen-containing
compounds contaffied iR tie starthgColefitstifBiude Wit S7€ Rotlimitdtftol Watdt td&rBoR eidxide,
alcohols such as methanol, ethanol, n-propanol, 10 isopropanol (IPA), n-butanol, isobutanol and
tertiary butatol FFBA kétohes Sici Bd aietohe aRd mdth§ietityl ketoheYMEK) didehgdes such as
acetaldehyde, and ethers such as dimethyl ether (DME), diethyl ether (DEE), tertiary amyl methyl
ether (TAMEYHRéthyPieftidty ity biver AFFBET dfd i fttiafy 15Butyl ethéPETBEY. i1 particular,

propanol, butanol and
the metathesis reaction. The temperature in the catalyst

i0 regeneration is preferably in the range of 500 to 700°C, and
more preferably 500 to 600°C. The regeneration temperature in
this range permits quick catalyst regeneration and efficient
olefin production as a result.
(00311
15 In an exemplary catalyst regeneration process, an
oxygen-centaining gas is passed through the reactor at a
temperature of 500°C or above to guickly burn off poisocnous
substances or heavy deposits attached on the catalysts during
the reaction. The catalyst regeneration may be performed by
20 known methods 1n the art withcout limiting the scope of the
invention.
[0032]
The starting clefins used in the inventicn are not

particularly limited, bur lower olefins are preferable.



acetone are very frequently found in the starting olefins; further, such oxygen-containing compounds
have high polarity and are easily adsorbed to the catalysts, greatly affecting the catalytic activity.
20[0041] Examples of the sulfur-containing compounds contained in the starting olefins include,
but are not limited to, carbonyl sulfide (COS), hydr9) en sulfide, carbon disulfide, methyl mercaptan,
ethyl mercaptan, dimethyl sulfide (DMS), dimethyl 19 disulfide (DMDS), diethyl disulfide (DEDS),
methyl ethyl sulfide (SME_) nd thiophene. [0042] Other heteroatom-containing compounds found in
the 5 start GTEMR HEGE oA BroSBANG it Ai6ie’: Butare Retifited here 16043]

The hetergatom-containing compounds in the starting olefins may be quantitatively determined by
known me%ﬁ&ﬁ%%&jite%l"@Ffﬁ%e&%ipo%ﬁag.xﬁ&eexa%“ﬂg%Mé"%ﬂﬁ\ﬁ?é@prﬁaﬁ BE quantified by
GC-MS (gas chromatography mass spectrometry). The water concentration may be determined by
Karl Fischer's' fiethod, Acetorie? frethandl, BtHahol -Broparitl, 1PA At PEA nay be'difartitatively
determined by passing a prescribed amount 15 of the starting olefin through water to let the water
absorb th8&Hmplties tRéY chifcentrafing thetwatet "hd aialyzif§ tHe-coritentrafe ByPFID-GC. The
quantification methods are not limited to those described hereinabove. [0044] 20Even when these
heterdatom Cont&iring cBRIpOLRBE afd Fre$eRtif TRE statiiRy G1EMP HE BSmbirdtdhditHe metathesis
catalyst with the isomerization catalyst including calcined hydrotalcite or yttrium oxide can catalyze the
metathesi€ +éctivf wiie pieveériing the tafystffom—Pentene give propylene and

l-butene. Starting olefins including ethylene and 2-hexene
give preopylene and l-pentene. Starting olefins including
ethylene and Z-methyl-2-butene give propylene and isobutene.

10 Starting olefins including ethylene and 4-methyl-2-pentene
give propylene and 3-methyl-l-butene. Since the metathesis
reactions are reversible, the above exemplary reactions may
be reversed by selecting reaction conditions and the starting
olefins may be produced from the olefins produced.

15 F0033]

In the metathesis reaction, oclefins are used as reaction
materials. From the viewpoint of production efficiency,
starting olefins are preferably free from saturated
hydrocarbons such as methane, ethane, propans, n-butane,

20 iscbutane, pentane and hexane. However, the alkanes do not
inhibit the metathesis reaction and thus may be present in the
starting colefins.

[0034]

When two or more kinds of olefins are used in the



20 degradation, and the metathesis catalyst activity may be maintained for long periods. [0045]

The starting olefins may contain, in addition to the olefins subjected to the metathesis reaction,
paraffins such as methane, ethane and propane, o&hier olefins that do not participate in the metathesis
reaction, hydrogen and nitrogen. [0046] In a preferréed embodiment of the invention, a gas 10
containing the starting olefin(s) is supplied to a reactor at a superficial velocity of 0.01 to 2.0 m/sec,

andmore preferably 0.014 to 1.5 m/sec, [0047] In a representative case where a fixed bed reactor is
used 15 and & p Eléé flow is %%ﬁig%/é)&’thiélllsezuﬁ(glrﬁ&gfz\?e%%i@ i tﬁg ?ﬁ%%%ﬁojn%t&ﬁnﬁgfiﬁéleﬁﬁ/ of the
starting ol%fhne%as tha;rgﬁsses Eh‘g]ocugg %hieometathe5|s catal st,and&the isomerization catalyst in the

reactor. The Stpatficial velodity is represehted by Etuation (1-5&dq - 2610048 [Fofmuld 1F0avg

(WSeC) = Fylln (DY, 1) Hoyg:superiilvelooy,(rjsec) . feed velgcty of staing olefr

content is preferably in excess over the cther olefins contained
5 in the starting olefins. For example, when ethylene and
2-butene are reacted to give propylene, the mclar ratio of
ethylene to n-butene (the total of l-butene and 2-butene)
(ethylene/n-butene) is generally in the range of 1 to 50, and
preferably about 1 to 5. If this ratio is toc small, reaction
10  preferentially takes place between butenes. If the ratio is
too large, considerable eqguipment and energy are required to
recover unreacted ethylene.
[0035]
In a particularly preferred embodiment of the olefin
1%  production processes, the starting olefing include ethylene
and n-butene, the metathesis reactions include a metathesis
reaction between ethylene and Z-butene, and the olefins
produced include propylene. When the starting olefins include
ethylene and n~butene, propylene can be obtained efficiently
20 by a metathesis reaction between ethylene and 2~butene.
[0036]
In the invention, n-butene may be 2-butene that is
required for metathesis reaction with ethylene to produce

propylene, or may be l-butene that is isomerized into 2-butene



21 Di: inner diameter of reactor (m) The present inventors have filed Japanese Patent Application
No. 2007-118891 directed to a method wherein the by-production of paraffins such as ethane and
propane is 5 minimized and the lowering in_metathisis catalyst activity is prevented by adding a small
amount of hydrogen to the reaction system and co t?olling the superficial velocity at a highspeed as
described above. However, the addition of hydrogen inevitably results in trace amounts of paraffins

byproduceg. lg 0g491] JQ tgg: iinglgpg%rrll, tgg {neltathgsis reaction is catalyzed hy thg combination of the
metathesis ¢atalyst with the isémetization catalystindilding Ralcited fdrotaldite 6r/ttrilm oxide, and

the processes of the inven ign prevent 15 catalyst degradation and allow for prolonged metathesis
catalyst acr%iv%‘/l. AT is, the present invention doss Iﬁ%t Iéﬁ%é\i]ite%ﬁ {PAce APbaRtE of hidrobén for the
prevention. of deteriorated activity of the metathesis catalysts, and thus does not cause by-production
of paraffing 3Uch 48 8thane Bnd 20 Prépane e toThE additontorhydrsgent BY Spplyify e starting
olefin gas at a high superficial velocity as described above, diffusion effects are achieved in the reactor
and the catalyStE ifi adsors TELS HGuRts Dt ifpurifieS SHch as etérdatorfdsritainitiy cémpounds
present in the starting. 22 olefins. As a result, the catalyst degradation is prevented and the metathesis
catalyst activity ismaihtainétPfer forig patidds - Efsoling stapie shd etficiémtol&th Frofihetiohs 5

Examples [0050] , o
include C4 raffinates containing C4 olefinsg and C4 paraffins.

The C4 olefins include n-butene (l-butene, Z-butene) and
isobutene. The C4 paraffins include n-butane and isocbutane.
[0037]

10 The weight of n-butene (the tctal of l-butene and
Z2-butene) is preferably not less than 10%, and more preferably
not less than 20% based on the weight of the C4 mixture. The
C4 paraffins such as n-butane and iscbutane may be contained
at any propoertions since they do not participate in the

15 metathesis reacticn. However, the weight of butane (the total
of n-butane and isobutane) is preferably not more than 90%,
and more preferably not more than 80% based on the weight of
the C4 mixture. Isobutene produces byproducts by a metathesis
reaction with l-butene or 2-butene, but may be contained in

20 the C4 mixture as long as its concentration is not extremely
high. The weight of isobutene is preferably not more than 30%,
and more preferably hot more than 20% based on the weight of
the C4 mixture. Preferably, dienes such as butadiene and

trienes are sufficiently removed from the C4 mixtures by



Hereinbelow, the present invention will be described in greater detail based on examples without
limiting the scope of the invention. 10[0051] [Example 1] (Metathesis catalyst) Ammonium
metatungstate was supported on a Si02 support (shaped product of CARIACT-Q10, manufactured by
Fuji Silysia 15 Chemical Ltd.) by impregnation and Was calcined in air at 550C for 5 hours to give
WO03/Si02. The W03/S102 was crushed and sieved to sizes ranging from 150 to 500 tint for use as a
metathesis catalaysl;c. j[0052 20 iscgunerizatiog catalyst) Powder of calcined hydrotalcite (KW-2000,
manufacturéd By ?(yo?v% iemic ﬁﬁgﬁﬁ?‘y, t?d?)‘was compression molded. The compact was crushed
and sieved {%aggtlranging from 150 to 500 pm for use as an isomerization catalyst. 23 [0053]
(Reactor) stainless steel tube 8 mm in inner diameter and 420 mm in length was used as a
reactor. 5[0054] 1.2 g of the metathesis catalyst (W03/Si02) and 3.38 g of the isomerization
catalyst (calcinedhydrotSlcité fidW-2600, Mighufad G‘Fé]ﬂao?/l}fyowaaéﬁérﬁ%j sty L4 3 \Were

packed in the middle of the reactor to forma catalyst Ia%/er. Alumina 10 balls were packed in upper and

lower portiohg bf tHe Teakfer foTix e tathRifafes s that can poison the catalysts,

5 such as oxygen-containing compounds, sulfur-containing
compounds and other hetercatom~containing compounds. However,
it ispracticallyverydifficult toobtain such startingolefins
from the viewpoints of processing and costs.

[0032]

10 In the inventiocon, the starting olefin may contain more
than 0 ppm by welght to not more than 10 ppm by weight of one
or more kinds of hetercatom—containing compounds. The
heteroatom-ceontaining compounds may be oxygen-containing

compounds and sulfur-containing compounds. The concentration

jd
(3]

of the hetercatom-containing compounds in the starting olefin
may be more than 0 ppm by weight to not more than 10 ppm by
weight, preferably mocre than 0 ppm by weight to not more than
3 ppm by welght, and still more preferably more than 0.1 ppm
by weight to not more than 1 ppm by weight. In general, the
20 metathesis catalyst activity is drastically deteriorated when
a starting olefin contains impurities such as

heterocatom-containing compounds at the above concentration.
In the present inventiocn, hcwever, Lhe metathesis reaction is

catalyzed by the metathesis catalyst in combination with the



[0055] (Propylene production) Ethylene and a C4 mixture were supplied to the reactor, 15 and a

metathesis reaction was carried out to produce propylene. Details were as described below. [0056]

The ethylene used was high-purity ethylene (purityié'not less than 99.9%) manufactured by

SUMITOMO SEIKA CHEMICALS CO., 20 LTD.), and the C4 mixture was a product manufactured by

Mitsui Chemicals, Inc., the applicant of the present invention. FID-GC provided the principal

composition of the.C4 pix&y}re&sﬁg%ow& T.hecq:ﬁ mixture ccintaine trac imEurities as shown in Table
i i

1. 24 [Oogﬂ%?%%llpza? C&mposﬂmn of 04 miixture dlrll]gBﬁ:t%né: ftﬂ% otat 61" ﬁte%%ta%d%butene): 50

wit% ButaneU(_the total of isobutane and n-but%ne 1 36 wWt% SI% butene: 13 wt% (':!'he t%m erature in
¥ FLUm OxX1 ?. e%%ﬁesen 1hvention er%qﬁgrﬁy nts %as 1
the reactor was increased to 50 lI€ anitrogen gas was passe roug e reactor; and the

catalysts were reduced by passing a hydrogen. gas at 500C for 2 hours, The temperature was then
lowered té)lgl 306C Aihich J\N%% 1%%%%3@%%#%8}2%%8 r(eca"flc‘ﬁgcht fémpératurd ovs8) ©“Sisequently,
ethylene and the 04 mixture were sugplied to the reactor and a metathesis reaction was performed at
300C and*3’5 MP4G *Fhe’afiourtd (Walghts)of ethyeHe ant the D4 LB MG Suppidd pEFunit time
WerePcontroIIed such that the molar ratio of ethylene to n-butene (the total of 1-butene and 2-butene)

(ethylene/MBUtEnd)SHould be 1% Sid the WaigRt-Fidurl“space velocity (WHSV) would be 20 hil. The

weight hou s&ace velocity was a ratio of the amounts (the total weight) 20 of ethylene and n-butene
supplied pe[r it time relative to the amount of the metathesis catalyst (W03/5i02).

Examples of the oxygen-containing compounds contained in
the starting clefins include, but are not limited to, water,
carbon dioxide, alcchols such as methanol, ethancl, n-propancl,

10 isopropanol (IPA), n-butancl, isobutancl and tertiary butanol
(TBA), ketones such asg acetone and methyl ethyl ketone (MEK),
aldehydes such as acetaldehyde, and ethers such as dimethyl
ether (DME), diethyl ether (DEE), tertiary amyl methyl ether
(TAME)}, methyl tertiary butyl ether (MTBE) and ethyl tertiary

15 butyl ether (ETBE). In particular, propanol, butanocl and
acetone are very frequently found in the starting olefins;
further, such oxygen-containing compounds have high polarity
and are easily adsorbed fo the catalysts, greatly affecting
the catalytic activity.

20 [0041]

Examples of the sulfur-containing compounds contained in
the starting olefins include, but are not limited to, carbonyl
suifide (CO8), hydrogen sulfide, carbon disuifide, methyl

mercaptan, ethyl mercaptan, dimethyl sulfide (DMS}, dimethyl



[0059] At a reaction temperature of 300C and a reaction pressure of 3.5 MPaG, the total feeding
velocity (Fv) of the starting 25 olefins was 3.3 x 10-7 m3/sec. Based on the reactor's inner diameter
(Di) and the total feeding velocity (Fv) of the starting olefins, the superficial velocity in the reactor (U"g)
was determined to be 0.0065 m/sec from Equationl(*l) described 5 hereinabove. [0060] The
n-butene conversion was balanced at 70.4% and 70.5% after 2 hours and 20 hours after the reaction
was initiated, respectively. The conversion stood at a high level of 59.7% 10 even after 40 hours of

reaction. IR tfese stages' 6FtHE readibREpropyfehd wasitAé mdif Broducterhairesitdiare set forth in

Table 2. The n-butene conversion was calculated from the proportion of n-butene consumed by the
reaction. [B061] 1BFTABIE 1] ARAIYsIS Fe S35t frace impurity concentrations Trace impurities in C4
mixture CorE%eOnEEa]tion (opm by weight) Dimethyl ether(DME)

Cther hetercatom-containing compounds found in the
5 starting olefins inciude ammonia, phosphine and arsine, but
are not limited thersto.
[C043)
The hetercatom~ccntaining compounds in the starting
clefins may be guantitatively determined by known methods

10 suited for the compounds. For example, DME and MTBE may be
quantified by GC-MS {gas chromatography mass spectrometry).
The water concentration may be determined by Karl Fischer’s
methed. Acetone, methanol, ethanol, n-propancol, IPA and TRA
may be quantitatively determined by passing a prescribed amount

15 of the starting olefin through water to let the water absorb
these impurities, then concentrating the water, and analyzing
the concentrate by FID-GC. The guantification methods are not
iimited to those described herelinabove.

[G044]

20 Even when these hetercatom-containing compcounds are
present in the starting clefin, the combinaticon of the
metathesis catalyst with the isomerization catalyst including
calcined hydrotalcite cxr yttrium oxide can catalyze the

metathesis reaction while preventing the catalysts from



N.D. Methyl tertiary butyl ether (TBE) M.D. Acetone 0.2 Methanol N.D. Ethanol N.D. n-Propanol N D
sopropano(lIPA)

20

degradation, and the metathesis catalyst activity may be
maintained for long periods.
[0045]
The starting olefins may contain, in addition to the

olefins subjected to the metathesis reaction, paraffins such

(633

as methane, ethane and propane, other oclefins that do not
participate in the metathesis reaction, hydrogen and nitrogen.
[0046]
In a preferred embodiment of the invention, a gas
10  containing the starting clefin(s) 1s supplied to a reactor at
a superficial velocityof 0.01 to 2.0 m/sec, andmore preferably
0.014 to 1.5 m/sec.
[0C47]
in a representative case where a fixed bed reactor is used
15 and a plug flow is achieved, the superficial velocity in the
invention is a linear velocity of the starting clefin gas that
passes through the metathesis catalyst and the isomerization
catalyst in the reactor. The superficial velocity is
represented by Eguation (1) below.
20 [0048]
[Formula 1]
Uswg (m/sec) = Fv/[n x (Di/2)%] -+ (1)
Uavg: superficial velocity (m/sec)

Fv: feed velocity of starting olefin (m®/sec)



0.7 n-Butanol N.D. Tertiary butanol(TEA) N.D. (Note: N.D. indicates no peaks were detected.) [0062]
26 (Analysis of trace impurity concentrations) The concentrations of trace impurities in the 04
mixture were determined by methods suited for the compounds as follows. [0063] 5The water
concentration was analyzed by Karl Fischer's method, but no peaks were detected. [0064]

Di: inner diameter of reactor (m)

The present inventors have filed Japanese Patent
Application No. 2007-118891 directed to a method wherein the
by-production of paraffins such as ethane and propane is

5 minimized and the lowering in metathesis catalyst activity is
prevented by adding a small amount of hydrogen to the reaction
system and controlling the superficial velocity at a high speed
as described above. However, the addition of hydrogen
inevitably results in trace amounts of paraffins byproduced.

10 [0049]

In the invention, the metathesis reaction is catalyzed
by the combinatiocn of the metathesis catalyst with the
isomerization catalyst including calcined hydrotalcite or
yttrium oxide, and the processes of the invention prevent

15 catalyst degradation and allow for prolonged metathesis
catalyst activity. That is, the present invention deces not
entail even trace amounts of hydrogen for the prevention of
deteriorated activity of the metathesis catalysts, and thus
does not cause by-production of paraffins such as ethane and

20  propane due to the addition of hydrogen. By supplying the
starting clefin gas at a high superficial velocity as described
above, diffusion effects are achieved in the reactor and the
catalysts will adsorb less amounts of impurities such as

heterocatom-containing compounds present in the starting



The concentrations of dimethyl ether (DME) and methyl tertiary butyl ether (MTBE) belonging to ethers
were analyzed 10 by GC-MS. The concentrations of acetone belonging to ketones, and methanol,
ethanol, n-propanol, isopropanol (IPA), n-butanol and tertiary butanol (TBA) belonging to alcohols
were determined by passing 100 g of the 04 mixtur%zthrough water to let the water absorb these
ketone and alcohols, then 15 concentrating the water, and analyzing the concentrate by FID-GC.
[0065] The analysis provided peaks assigned to acetone and isopropanol (IPA), with the acetone
concentrafidifbeing 0.228 Fomby Weight aRd thé FPA E8hcettfatidA beilgr0. 7 ppnd BY Weight. No
peaks assigned to the other impurities were detected. [0066] [Example 2] Ammonia water was
dropped iritd andeftiebiis it hitraté “F7- §61ticiT oot A précipitate “The precisitate was filtered,
washed and calcined at 500C for 3 hours to afford yttrium oxide (Yz0z). [0067] 5A metathesis reaction
was carriedout and prégyénelwas prctiitgd i thesahic AfaRRerdsin Exampleé 1 bskeapt that 4.8 g

of the yttrium oxide (Y203) was used as the isomerization catalyst in the catalyst layer. [0068]

5 Exanmples
[CO50 ]

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

106 [GC51]
[Example 1]
{Metathesis catalyst)
Ammonium metatungstate was supported on a S10; support
(shaped product of CARIACT-010, manufactured by Fuji Silysia
15 Chemical Ltd.) by impregnation and was calcined in air at 550°C
for 5 hours togive WO3/810;,. The W03/5310,; was crushed and sieved
to sizes ranging from 150 te 500 pum for use as a metathesis
catalyst.
[00521
20 {(Isomerization catalvst)

Powder of calcined hydrotalcite (KW-2000, manufactured
by Kyowa Chemical Industry, Ltd.) was compression molded. The
compact was crushed and sieved to sizes ranging from 150 o

500 pm for use as an isomerization catalyst.



10The n-butene conversion was balanced at 70.3% and 70.4% after 2 hours and 20 hours after the
reaction was initiated, respectively. The conversion stood at a high level of 64.3% even after 40 hours
of reaction. The results are set forth in Table 2. 15%0069] [Comparative Example 11 A metathesis
reaction was carried out and propylene was produééd in the same manner as in Example 1, except
that 4.8 g of magnesium oxide (MgO, KM-150, manufactured by Kyowa 20 Chemical Industry, Ltd.)
was used as the isomerization catalyst in the catalyst layer. [0070] The n-butene conversion was
70.5% after-2 Rodrs after the reaction was initiated, but lowered to 29.4% after 20 hours 28 of
reaction. The catalytic activity was completely lost in 40 hours after the reaction was initiated. The
results arel S&F61 R T Table 2. [0071] [Reference Example 1] A metathesis reaction was carried
out and propylene was produced in the same manner as in Comparative Example 1, except that the
C4 mixture used ift EXafripglé 337a$ pafified BEforéhafid With an excéss st alunding (NKHDR4,
manufactured by Sumitomo 10 Chemical Co., Ltd.). The purified C4 mixture did not give any peaks
assigned fo’acetorE-dr ispropane (HFA)awhielk Wese detected in before purification. [0072] The

n-butene conversion was balanced at 70.5%, 70.4% and
5 [0054]

1.2 g of the metathesis catalyst (W03/8510z) and 3.38 g
of the isomerization catalyst (calcined hydrotalcite {KW-2000,
manufactured by Kyowa Chemical Industry, Ltd.)) were packed
in the middle of the reactor te form a catalyst layer. Alumina

10 balls were packed in upper and lower portions of the reactor
to fix the catalyst lavyer.
[C055]
(Propylene production)
Ethylene and a C4 mixture were supplied to the reactor,
15 and ametathesis reaction was carried out to produce propylene.
Details were as described below.
[0056]
The ethylene used was high-purity ethylene {purity: not
less than 99.9%) manufactured by SUMITOMO SEIKA CHEMICALS CO.,
20 LTD.), and the C4 mixture was a product manufactured by Mitsui
Chemicals, Inc., the applicant of the present invention.
FID-GC provided the principal composition of the C4 mixture
as follows. The C4 mixture contained trace impurities as shown

in Table 1.



15 70.5% after 2 hours, 20 hours and 40 hours after the reaction was initiated, respectively. The
results are set forth in Table 2. These results show that the metathesis catalyst activity is drastically
enhanced when trace impurities are thoroughly removed from the C4 mixture. Inotherwords, it was 20
indicated that the C4 mixture used in the above exéﬁ’wples contained trace impurities. [0073] 29 [Table
2] Ex.1 Ex.2 Comp. Ex.1 Ref. Ex.1 cementation catalyst Calcined hy rotalcite

[0057]

Principal composition of C4 mixture

n-Butene (the total of 1l-butene and Z-butene): 50 wts
Butane {the total of isobutane and n-butane): 36 wt%
5} Isobutene: 13 wt%

The temperature in the reactor was increased to 500°C
while a nitrogen gas was passed through the reactor, and the
catalysts were reduced by passing a hydrogen gas at 500°C for
2 hours. The temperature was then lowered to 300°C, which was

10 predetermined as the reaction temperature.
[0058]

Subsecquently, ethylene and the C4 mixture were supplied
to the reactor and a metathesis reaction was performed at 300°C
and 3.5 MPaG. The amounts {weights) of ethylene and the C4

15 mixture supplied per unit time were controlled such that the
molar ratio of ethylene to n-butene (the total of 1-butene and
2-butene) (ethylene/n-butene) would be 1.5 and the weight
hourly space velocity (WHSV) would be 20 h™'. The weight hourly
space veloclty was a ratio of the amcunts (the total weight)

20 of ethylene and n-butene supplied per unit time relative to
the amount of the metathesis catalyst (W0;/5i0;).

[CO59]
At a reaction temperature of 300°C and a reaction pressure

of 3.5 MPaG, the total feeding velocity {Fv) of the starting



Y403 Mg Mg0 Amount of isomerization catalyst(g) 3.38 4.80 4.80 4.80 Purification of starting olefin
Not performed Not performed Not performed

n

10

15

25

olefins was 3.3 x 1077 m’/sec. BRased on the reactor’s inner
diameter (Di) and the total feeding velocity (Fv) of the
starting olefins, the superficial velocity in the reactor (Usvg)
was determined to be 0.0065 m/sec from Equation (1) described
hereinabove,

[0060]

The n-butene conversion was balanced at 70.4% and 70.5%
after 2 hours and 20 hours after the reacticn was initiated,
respectively. The conversion stood at a high level of 59.7%
even after 40 hours of reaction. 1In these stages of the
reaction, propylene was the main product. The results are set
forth in Table 2. The n~butene conversion was calculated from
the proportion ¢f n-butene consumed by the reaction.

10061}
[Tabkle 1]

Analysis results of trace impurity concentrations

. L . . Concentration
Trace impurities in C4 mixture .
(ppm by weight)
Dimethyl ether (DME) N.D.
Methyl tertiary butyl ether (MIBE) N.D.
Acetone 0.2
Methancl N.D.
Ethanol N.D.
n—-Propanocl N.D.
Izopropancl {(IPA) a.7
n-Butanol N.D.
Tertiary butanol (TBA) N.D.

(Note: N.D. indicates no peaks were detected.)

[0062]



Performed Conversion after 2 hours of reaction (%) 70.4 70.3 70.5 70.5 Conversion after 20 hours of
reaction(%) 70.5 70.4 29.4 70.4 Conversion after 40 hours of reaction(%) 59.7 64.3 0 70.5

10

15

20

26

(Analysis cof trace impurity concentrations)

The concentrations of trace impurities in the C4 mixture

were determined by methods suited for the compounds as follows.
[0083]

The water concentration was analyzed by Karl Fischer’s

method, but no peaks were detected.
[0064]

The concentrations of dimethyl ether {DME) and methyl
tertiary butyl ether (MTBE) belonging to ethers were analyzed
binCwMS. The concentrations of acetone belonging to ketones,
and methanol, ethanol, n-propanol, iscpropancl (IPA),
n-putanol and tertiary butancl (TBA) belonging to alcohols were
determined by passing 100 g of the C4 mixture through water
to let the water absorb these ketone and alcohols, then
concentrating the water, and analyzing the concentrate by
Fio-GgC.

[0065H]

The analysis provided peaks assigned to acetone and
isopropanocl {(IPA}, with the acetone concentration being 0.2
ppm by weight and the IPA concentration being 0.7 ppm by weight.
No peaks assigned to the other impurities were detected.

[O0086]
[Example 2]

Ammonia water was dropped into an agueous yttriumnitrate



[0074] [Example 3] (Metathesis catalyst) 5W03/8i02 prepared as described in Example 1 was used as
a metathesis catalyst without being crushed and sieved. [0075] (Isomerization catalyst)
hydrotalcite, which was produced by Mitsui 10 Chemicals, Inc., was tableted for use as an

isomerization catalyst. [0076] (Reactor)

Calcined

A SUS cylindrical reactor 48.6mm in outer diameter,

41.2 15 mm in inner diameter and 2 m in length was used. [0077] 180 g of the metathesis catalyst
(W03/Si02) and 610 g of 30 the isomerization catalyst (calcined hydrotalcite, which was produced by
Mitsui Chetfieals: mie. J were Packerlif the midde of tHe fFedttraborit Acatalyst layer Aidmina balls
were packed in upper and lower portions of the reactor to fix the 5 catalyst layer.The height of the

aﬂawsﬂayéﬁ@§§iand.Calcinedeﬂ:5OO°C for 3 hours to afford yttrium oxide

10

15

20

(Y:C3) .
[C067)

A metathesis reaction was carried out and propylene was
produced in the same manner as in Example 1, except that 4.8
g of the yitrium cxide (Y;03) was used as the isomerization
catalyst in the catalyst laver.

[C068]

The n-butene conversion was balanced at 70.3% and 70.4%
after 2 hours and 70 hours after the reaction was initiated,
respectively. The conversiocn stood at a high level cf 64.3%
even after 40 hours of reactlion. The results are set forth in
Table Z.

[C069]
[Comparative Example 1]

A metathesis reaction was carried out and propylene was
produced in the same manner as in Example 1, except that 4.8
g of magnesium oxide (MgO, KM~150, manufactured by Kyowa
Chemical Industry, Ltd.) was used as the isomerization catalyst
in the catalyst layer.

L0070]
The n~butene conversion was 70.5% after 2 hours after the

reaction was initiated, but lowered to 29.4% after 20 hcours



approximately 1 m. [0078] (Propylene production) Ethylene and a C4 mixture were supplied to
the reactor, 10 and a metathesis reaction was carried out to produce propylene. Details were as
described below. [0079] Under ordinary pressure, the temperature in the reactor was increased to
550C and maintained constant for about 10 15 hou8 while a nitrogen gas was passed from the top
through the bottom of the reactor. At the same temperature, the catalysts were reduced by passing a
hydrogen gas and a nitrogen gas for 3 hours. The temperature was then lowered to 300C, which was
predeternifrred 88 fie- factioh téndrerattie: 20[6080] V1 t BubdéqtieAt. teihnet pPéssure’Was held at
2.7 MPaG and a reaction was initiated at 300C by supplying a reaction gas. [0081] The reaction gas
was compdsed df athyfehetard & T4 hibdire” 31 THE 04 mikdre comtained2bliteneinciiding
cis-isomer and trans-isomer), 1-butene, isobutene, isobutane and n-butane. In the 04 mixture,
n-butene (e fotal ot 2M5uteie 4nd 1-butene) accounted for SO to 60 wt%. 5[0082] Ethylene and
the 04 mixture were supplied to the reactor at 2.1 kg/h and 4.7 kg/h, respectively. At a reaction
temperaturé f 300C and a reaction pressure of 2.7 MPaG, the total feeding velocity (Fu) of the
starting olefins was 7.6 10 x 10-5 m3/sec, which corresponded to a weight hourly space velocity
(WHSV) of B4 heir The SVHSWhekein Was a ratio of the above supply rates of ethylene and n-butene
combined relative to the amount of the metathesis catalyst (W03/5i02). Based on the reactor's inner
diameter (Di) andtha tdtalfeeding vetority 16r(Fvy of therstartingooléfing, dhe superfieiat velogity in the
reactor (U"g) was determined to be 0.055 m/sec from Equation (1) described hereinabove.
produced in the same manner as in Comparative Example 1, except

that the C4 mixture used in Example 1 was purified beforehand

with an excess of y-alumina (NKHD-24, manufactured by Sumitomo
10 Chemical Co., Ltd.}. The purified C4 mixture did not give any

peaks assigned to acetone or isopropanocl (IPA) which were

detected in before purification.

[CO072]
The n-butene conversion was balanced at 70.5%, 70.4% and

15 70.5% after 2 hours, 20 hours anc 40 hours after the reaction

was initiated, respectively. The results are set forth in

Table 2. These results show that the metathesis catalyst

activity is drastically enhanced when trace impurities are

theoroughly removed from the C4 mixture. 1In cther words, it was
20 indicated that the C4 mixture used in the above examples

contained trace impurities.

[0073]



[0083] The n-butene conversion was 71% after 24 hours of reaction. 20 The reaction was further
continued, and the n-butene conversion after 500 hours of reaction was 60%. The results are set forth
in Table 3. Gases that were sampled simultaneously at the inlet and the outlet of the reactor were

by ETD-GO. The proportion of n-butene Asumed by the reaction was calculated 32 from
the concentrations of n-butene (the total of 2-butene and 1-butene) in the inlet gas and the outlet gas,
thereby obtained the n-butene conversion. [0084] 5[Example 4] Yttrium oxide (Y203) prepared as
described it E?&t‘ﬁpl%]Z was extruded. A metathesis reaction was carried out and propylene was

analyzed

produced in the same manner asin Example 3, excepf that 670 g of thecgglruded ytirigy oxide was
used as the 10 isomerization catalys} in thé’}éata%lyst Ia/er.If508§] The nshutene conversion was 70.3%
after 24 hours ¢omerization Calcined
catalyst hyvdrotalcite ¥203 MgO Mg0
Amount of
isomerization 3.38 4.80 4.80 4 .80
catalyst (g)
Purification of Not Not , ,
starting olefin Not performed performed | performed Performed
Ceonversion after 2
hours of reaction (%) 10.4 70.3 70.3 70.5
Conversion after 20 -
hours of reaction (%) 0.5 704 29.4 70.4
Conversion after 40
4
hours of reaction (%) 297 64.3 0 70.5

10

15

[0074]
[Example 3]
(Metathesis catalyst)

WO3/810; prepared as described in Example 1 was used as

a metathesis catalyst without being crushed and sieved.
[0075]
(Iscomerization catalyst)

Calcined hydrotalcite, which was produced by Mitsul
Chemicals, Tnc., was tableted for use as an isomerization
catalyst.

[0076]
(Reactor)

A SUS cylindrical reactor 48.6 mm in outer diameter, 41.2

mm in inner diameter and 2 m in length was used.
[0077]

180 g of the metathesis catalyst (WO03/S10.) and 610 g of



reaction. The reaction was further continued, and the n-butene  conversion after 500 hours of
reaction was 58.7%. The results 15are set forth in Table 3. [0086] [Comparative Example 2] A
metathesis reaction was carried out and propylene was produced in the same manner as in Example
3, except that the 20 calcined hydrotalcite isomerizzition catalyst (manufactured by Mitsui Chemicals,
Inc.) was replaced by 790 g of tablets of magnesium oxide (MgO, KM-150, manufactured by Kyowa
Chemical Industry, Ltd.). [0087] 33 The n-butene conversion was 70% after 24 hours after the
reaction wasSnitiStEaehGtBiwb el (0*40u iter 560 Hotresh reBesaH: orhe rB&ulte’Bre~<et¥dith in Table

3.[0088] 5[Table 3] Ex.3 Ex.4 . _ .
produced by Mitsui Chemicals, Inc.)} were packed in the middle

of the reactor to form a catalyst laver. Alumina balls were
packed in upper and lower porticns of the reactor to fix the
5 catalyst layer. The height of the catalyst laver was
approximately 1 m.
[C078]
{(Propylene production)
Ethylene and a C4 mixture were supplied to the reactor,
10  and a metathesis reaction was carried out to produce propylene.
Details were as described below.
00791
Under ordinary pressure, the temperature in the reactor
was increased to 550°C and maintained constant for about 10
15 hours while a nitrogen gas was passed from the top through the
bottom of the reactor. At the same temperature, the catalysts
were reduced by passing a hydrogen gas and a nitrogen gas for
2 hours. The temperature was then lowered to 300°C, which was
predetermined as the reaction temperature.
20 [G080)
Subseguently, the inner pressure was held at 2.7 MPaG and
a reacﬁion_was initiated at 300°C by supplying a reaction gas.
(06811}

The reaction gas was composed of ethylene and a C4d mixture.



Comp.Ex.2 Isomerization catalyst Calcined hydrotalcite Y203 Mg0  Amount of isomerization
catalyst(g) 610 670

31

The C4 mixture contained Z-butene (including cis-isomer and
trans~isomer), l-butene, iscbutene, iscbutane and n-hutane.
Inthe C4d mixture, n-butene {the total of Z-butene and l1-butene)
accounted for 50 to 60 with.
5 00827
Ethyvlene and the C4 mixture were supplied to the reactor
at 2.1 kg/h and 4.7 kg/h, respectively. At a reaction
temperature of 300°C and a reaction pressure of 2.7 MPaG, the
total feeding velocity (Fv) of the starting colefins was 7.6
10 x 107> m*/sec, which corresponded to a weight hourly space
velocity (WHSV) of 24 h™'. The WHSV herein was a ratio of the
above supply rates of ethylene and n-buterne combined relative
te the amount of the metathesis catalyst (W0Os/510;). Based on
the reactor’s inner diameter (Di) and the total feeding velocity
15 (I'vi of the starting olefins, the superficial velccity in the
reactor (U.yy) was determined to be 0.055 m/sec from Equation
(1) described hereinabove.
[G083]
The n-butene conversion was 71% after 24 hours of reaction.
20 The reaction was further continued, and the n~butene conversicn
after 500 hours of reaction was 60%. The results are set forth
in Table 3. Gases that were sampled simultaneously at the inlet
and the outlet of the reactor were analyzed by FID-GC. The

preoportion of n~butene ceonsumed by the reaction was calculated



790 Purification of starting olefin Not performed Not performed Not performed Conversion after 20
hours of reaction (%) 71.0 70.3 70.0 Conversion after 500 hours of reaction (%) 60.0 40.0

10

15

20
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from the concentrations of n-butene {ﬁhe total of Z-butene and
l-butene) in the inlet gas and the cutlet gas, thereby obtained
the n-butene conversion.

[0084]

[Example 4]

Yttrium oxide (Y03} prepared as described in Example 2
was extruded. A metathesis reaction was carried out and
propylene was produced in the same manner as in Example 3, except
that 670 g of the extruded yttrium oxide was used as the
iscomerization catalyst in the catalyst layer.

[0085]

The n-butene conversion was 70.3% after 24 hours of
reaction. The reactionwas further continued, and the n~butene
conversion after 500 hours of reaction was 58.7%. The results
are set forth in Table 3.

1008¢]
[Comparative Example 2]

A metathesis reaction was carried cut and propylene was
produced in the same manner as in Example 3, except that the
calcined hydrotalcite isomerization catalyst (manufactured by
Mitsui Chemicals, Inc.) was replaced by 790 g of tablets of
magnesium oxide (Mg0, KM-150, manufactured by Kyowa Chemical
Industry, Ltd.).

[0087]



58.7 [0089] [Evaluation of thermal stability in catalyst regeneration] Thermal stability of the catalysts
in regeneration was evaluated based on the retention (%) of specific surface area 10 of the catalysts.
The higher the retention (%) of specific surface area, the higher the thermal stability in catalyst
regeneration. The retention (%) of specific surface3a3'rea was obtained by dividing the specific surface
area of the catalyst calcined at 600C by the specific surface area of the catalyst 15 calcined at 500C.
The specific surface area of the catalyst calcined at 500C qor 600C was determined as follows. First,
the catalyst was cg?&ﬁwérﬁ'ﬁuﬁi? &t%@(%%“é? BEOC Tof’ 3% hours. EachtenipSfatire was fdacHEd by
raising the temperature at 5C/rain, and air was passed at a rate of 2 liter/min. After 34 the calcination,
the tempefattfewas 15iFéretitd ahidiEnt art the SPEet s Urfact hied Wasmealuféd By atitrogen
adsorption method. [0090] 5(Evaluation 1) Calcined hydrotalcite (KW-2000, manufactured by Kyowa
Chemical frititistry td.) was testetttbevaiiate fiiermaPStability in tatidyst ?egeneration. The results
are set fortr; énog%tfle 4. 10[0091]

5 [Table 3]

Ex. 3 Ex. 4 Comp. Ex. 2
Isomerization Calcined
catalyst hydrotalcite Y205 Mg
Amount of
isomerization £10 670 790

catalyst (g}
Purification of
starting olefin

Conversion after 20
hours of reaction (%)
Conversion after 500

=1

hours of reaction (%}

[0089]

Not performed | Not performed | Not performed

71.0 70.3 70.0

60.90 58.7 40.0

[Evaluation of thermal stability in catalyst regeneration]
Thermal stability of the catalysts in regeneration was
evaluated based on the retention (%) of specific surface area
10 of the catalysts. The higher the retenticn (%} of specific
surface area, the higher the thermal stability in catalyst
regeneration. The retention (%) of specific surface area was
obtained by dividing the specific surface area of the catalyst
calcined at 600°C by the specific surface area of the catalyst
15 calcined at 500°C. The specific surface area of the catalyst
calcined at 500°C or 600°C'was determined as fcllows. First,

the catalyst was calcined in air at 500°C or 600°C for 24 hours.
Fach temperature was reached by raising the temperature at

5°C/min, and air was passed at a rate of 2 liter/min. After



(Evaluation 2) The yttrium oxide (Y203) prepared in Example 2 was tested to evaluate thermal
stability in catalyst regeneration. The results are set forth in Table 4. 15[0092] (Evaluation 3)
Magnesium oxide (MgO, KM-150, manufactured b¥ Kyowa Chemical Industry, Ltd.) was tested to
evaluate thermal stability in catalyst regeneration, fe results are set forth 20 in Table 4. The retention
of specific surface area of the magnesium oxide (MgO) was 46%, and the value was very low in

contrast tq the calcined hydrotalcite. . 35 [0093] [Table 4] Evaluation 1 Evaluation 2 Evaluatjon 3
Bomeﬂz;&§$c§é%§€8§%ﬁ%%’ the téﬁpeJJLULe as lowered to ambient and

the specific surface area was measured by a nitrogen adsorption
method.
[C60907
5 (Evaluation 1)
Calcined hydrotalcite (KW-2000, manufactured by Kyowa
Chemical Industry, Ltd.) was tested to evaluate thermal
stability in catalyst regeneration. The results are set forth
in Table 4.
10 [0091]
(Evaluation 2)
| The yttrium oxide (Y;03) prepared in Example 2 was tested
to evaluate thermal stabllity in catalyst regeneration. The
results are set forth in Table 4.
15 [0092]
(Evaluation 3}
Magnesium oxide (Mg0O, KM-150, manufactured by Kyowa
Chemical Industry, Ltd.) was tested to evaluate thermal
stability in catalyst regeneration. The results are set forth
20 in Table 4. The retention of specific surface area of Lhe
magnesium oxide (MgQO) was 46%, and the value was very low in

contrast to the calcined hydrotalcite.



hydrotalcite Y203 MgO Specific surface area (m2/g) after calcination at 500C for 24 hours 207 58 93
Specific surface area (m2/g) after calcination at 600C for 24 hours 193 51 43 Retention(%)of specific

surface area 93 88 46 .

[GCS3]
[ITable 4]
Evaluation 1 | Evaluation 2 Evaluation 3
} . . Calcined
b S . -
scmerization catalyst hydrotalcite Y,04 MgO

Specific surface area
(m*/g) after calcination 207 58 93
at 500°C for 24 hours
Specific surface area
(m?/g) after calcination 183 51 43
at 600°C for 24 hours
Retention (%} of
specific surface area

83 88 45




36 CLAIMS 1. An olefin production process comprising supplying 5 a starting olefin containing more
than O ppm by weight to not more than 10 ppm by weight of one or more kinds of
heteroatom-containing compounds to a reactor thzﬁ Ggontains a metathesis catalyst and an
isomerization catalyst, the metathesis catalyst including at least one metal element 10 selected from
the group consisting of tungsten, molybdenum and rhenium, the isomerization catalyst including
calcined hydrotalcite or yttrium oxide, and performing a metathesis reaction of identical or different
olefins to produce an olefin having another different structure. 15 2. The olefin production process
according to claim 1, wherein the heteroatom-containing compounds include an oxygen-containing
compound. 203.The olefin production process a%%gr%qﬁnsg to claim 2,
whereintheoxygen-containingcompoundsincludean alcohol, an ether or a ketone. 37 2 or 3, wherein
the oxygen-containing compounds include propanol, butanol or acetone. 5The olefin production
process according to any one 5_of claims 1 to 4, wherein the concentration of the one or more

heteroatom-contaihing compotingd i ifth89&ige 610 A48 A pm BV WEIGRt 9 SUSPPRE BIRfin

production process according to any one =
5 a starting olefin containing more than 0 ppm by weight to not

moré than 10 ppm by weight of one or more kinds of
hetercatom-containing compounds to a reactor that contains a
metathesis catalyst and an isomerization catalyst, the
metathesis catalyst including at least one metal element

10  selected from the group consisting of tungsten, molybdenum and
rhenium, the isomerizaticn catalyst including calcined
hydrotalcite or yttrium oxide, and performing a metathesis
reaction of identical or different clefins to produce an olefin

having another different structure.

15
2. The colefin production process according to claim
1, wherein the hetercatom-containing compounds include an
oxygen-containing compound.
20 3. The olefin production process according to claim

Z, wherein the oxygen-containing compounds include an alcohol,

an ether or a ketone.

4. The olefin production process according to claim



10 of claims 1 to 5, wherein a gas containing the starting olefin is supplied to the reactor at a
superficial velocity of 0.01 to 2.0 m/sec. 7. The olefin production process according to any one
15 of claims 1 to 6, wherein the metathesis catalysg ipcludes tungsten. 8. The olefin production
process according to any one of claims 1 to 7, further comprising a step of regenerating 20 the
metathesis catalyst and the isomerization catalyst at a temperature of 500C or above. 9. The
olefin production Qrocvc?gseg%clorgdi g to gng one 38 agd n-butene, the metathesis r acéions include a

“ Dbutane, and thé BlefinS prodticdd 1hciude Bropylene.

. . 1 s
metathesis reactionh between ethylene an
propanol, butanol or acetone.

5. The olefin production process according to any one
5 of claims 1 to 4, wherein the concentration of the one or more
heterocatom-containing compounds is in the range of 0.1 to 1

ppm by weight.

6. The olefin production process according o any cne

10 0

=

claims 1 to 5, wherein a gas containing the starting olefin
is supplied to the reactor at a superficial velocity of 0.01

to 2.0 m/sec.

7. The olelfin production process according fo any one
15 of claims 1 to 6, wherein the metathesis catalyst includes

tungsten.

8. The olefin production process according to any one
of claims 1 to 7, further comprising a step of regenerating
20  the metathesis catalyst and the isomerization catalyst at a

temperature of 500°C or above.

9. The olefin producticn process according to any one

of claims 1 to 8, wherein the starting olefins include ethylene



38

and n-butens, the metathesis reactions include a metathesis
reaction between ethylene and Z2-butene, and the olefins

produced include propylene.



