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SF-1381 1 DESCRI PTION PROCESS OF PRODUCI NG OLEFI NS 5

TECHNI CAL FI ELD The present invention relates to a
process of producing olefins by a netathesis reaction

in which the catalytic reactivity is inproved by
al  owi ng co-existence of hydrogen 10 gas. BACKGROUND

nmet at hesi s reaction, in which honol ogous or 15
SEﬁgﬁgﬁblogous'olefins are reacted with each other to

yield olefins. having different structures, is highly
beneficial since the reaction allows interconversion

anong et hyl ene, propyl gpecreirgag and the like that
are produced from naphtha crackers at certain
proportions, so as to cope with 20 the changes in the
demand structure of olefins. The ol efin netathesis

reacti on was fRROCESE 198 IpEGDy hi gh
tenperature of 725C wit hout cat%%?ﬁiﬂ%?v\sgver, t he

i ndustrial value of the reaction was acknow edged

only after a catal yst having an oxi de of netal SF-1381

2 such as nDIybdenun?EFﬂﬂégaknFIEthiun1or the like
supported on a large surface area support was found.

As the first exenplary netathesis reaction to use
(ﬁﬂfﬁgst a met hod of  obtaining ethyl ene and 2-butene

by a fetei R sihertieom relates to a process of producing

olefins by a metathesis reaction in which the catalytic

reactivity is improved by allowing co-existence of hydrogen

gas.

BACKGROUND ART

A metathesis reaction, in whiéh homologous or
heterologous olefins are réacted with each other to yielad
olefins. having different stfuctures, is highly beneficial
since the reaction ailows interconversion amdng ethylene,
propylene} butene and the like that are produced from
naphtha crackers at certain proportions, so as to cope with
the changes in the demand structure of olefins.

The olefin metathesis reaction was found in 1931 to

‘proceed at a high temperature of 725°C without catalyst.

However, the industrial value of the reaction was

acknowledged only after a catalyst having an oxide of metal
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5 between propyl ene and propyl ene using a catal yst
conprising nolybdenum oxi de supported on y-al um na,
was devel oped by Phillips Inc. in 1964. The
nmetathesis reaction is reversible, and thus there
exi sts an equilibriumconposition. The equilibrium 10
g o sition of the reaction to obtain propylene from
et ne and 2-but ene becones nore advantageous in
propyl ene production as the2enperature is |ower;
therefore, lowering of the reaction tenperature by
SYGih Aoy Sifdibdshumhe tomigtyest, damibeenrexad Natke S Shbrteq

alia, a nethod of using a catal yst 15 conpri sing

O @ndStéie urdeosuppeet etirpors aea rRRgda Cas ¢akaliishe

of magnesi um oxi de was devel oped by Phillips Inc.,
SXEHE e Evtiahelsd smelad ioas teeeiseCeaRkayed by LTINS of
G gbal, 1Inc. as a process for propyl ene production.
ObYBLE 1pgr eitdylenkey andt 2i-burteper bedai RebSPLNA: 54 5Z5+575
beégﬁ%gaggntygo;uneng 1) o;liozaggghozggblecular
y8ESOPYVehe aRd, pmpop n -
Docunent 1) that when a netathesig regg??ggg%efaggﬁlSlng

modyhgeane andde- buppoeted 6ar pietun M, 3l 330G U5 00,8,
a

fixed bed flow apparatus only in the " presence o
Phidiapgsingt &hl l@&4supported tungsten oxi de, SF-1381 3

the conversion of butene is only 31% while when

maghes inghatoxe sies isearseibr i € 0PI 3% thus there
co-catal yst, the conversion is enhanced to 670.

SXMBFRoYRrequtlilsr iwpoctmpos it LSP, Norhd, dods P98, { Bat ent

5 Docunent 2) that in the same netathesis reaction at

compogition of the reaction to obtain propylene from

ethylene and 2-butene becomes more advantageous in propylene
production as the temperature is lower: therefore, lowering
of the reaction temperature by improvement of the catalyst

has been examined. Inter alia, a method of using a catalyst

comprising tungsten oxide supported on silica and a co-

catalyst of magnesium oxide was developed by Phillips Inc.,

and currently the method has been completed by Lummus Global,
Inc. as a process for propylene production.
More particularly, it is reported in USP No. 4,575,575

(Patent Document 1) or Journal of Molecular Catalysis, Vol.

28, p. 117 (1985) (Non-Patent Document 1) that when a

metathesis reaction between ethylene and 2-butene is carried

out at 330°C using a fixed bed flow apparatus only in the

bresence of a catalyst of silica-supported tungsten oxide,
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when a catal yst conprising nmagnesi um oxi de supported
on y- alumna is used, the conversion of butene is
enhanced to 75% It is also reported in USP 4, 884, 760
(Patent Docunment 3) that when a co-catal yst conprising
magnesi um oxi de and 10 [ithium hydroxi de supported on
Sé%ﬁ%él.na Is used, the conversion of butene can be
ined to be 74% even at a mnuch | ower tenperature
of 270C. In fact, there are meeded facilities such as
‘ heating furnace and the like in order to achieve a
o RV e ev Rthurterof 29061 1, [N Wil Tignesiun
process, and it is desired to | ower the reaction
CXigfperntund o contEmariadiurgs thatol Sat e Si Y
achi evabl e 15y steam heating, for exanple, ‘up to
COAYAHS 2000 5 Rnttdrerendriey 6553 an exanpl e of | ow

. tenperature reaction catalysts, nmention may be made

of Ac&apPakyst itodpr repbgtdA Hhemispmyexi de+syYppekt n
y-al um na, devel oped by IFP (Institut Ffaﬁgépgédgga%ent
Dopgesite ) Tiag dat abpstsai® erRRAVROfs ARG tLhe 3300 c
hrretathesis reaction at a reaction tenperature  aroun d
Whepgom tempéyatuicempt-ial nkhs der; rized
lcorjditigons, usi ng a qugefﬁgg'nﬁfgt?%ao éﬁﬁ?Péﬁ&daﬁ& Y-
alynmipal 381 uedhutttire cahvidi® I9ard# NoLr@ieri al
Itdescriébed in USP No. 4,795,734 (Patenﬁ§ E%Jﬁ%n qu to 75%.
Ho®ewepe thpokiqdeihedspaw, sgat ekipal papd,ih tio
product have low diffusibility in #ﬁe-%%?e§°%§ﬁgﬁé 3
chebtahgnta andcububydet eohgrathag Ahofetttdl ¥3lae ap
activity is severe conpared with gas-phase Feagt PBfs.

tithiuwndhydooxidenseppért8angh PLLLERl {9 pUge .
conversion of butene can be maintained to be 74% even at a

much lower temperature of 270°C. 1In fact, there are needed

facilities such as heating furnace and the like in order to

gchieve a ;eaction temperature of 270°C in the industrial
process, and it is desired to lower the reaction temperature
to a temperature that is more simply achievable 'by steam
heating, for example, up to about 200°C.

Furthermore, as an example of low temperature reaction

.catalysts, mention may be made of a catalyst comprising

rhenium oxide supported on Y-alumina, developed by IFP
(Institut Francais du Petrole). This catalyst is capable of
driving the metathesis reaction at a reaction temperature
around room température, that is, under pPressurized

conditions, using a liquefied mixture of ethylene and 2-
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the liquefied gas in the reactor at every occurrence
of regeneration in order to regenerate the
deacti vated catal yst, a noving-bed type reactor
systemin which the catal yst can 10 be conti nuously
wi thdrawn fromthe | ower part of the fixed- bed
S%gﬁggﬁr system and conti nuously regenerated has been
estgned. However, this nethod al so involves
conplicated installation and has problens in the
bo erational safety. [Patent Docunent 1] USP No.
U EYS, 575008 $trareing Dooteend 1 2] a 8SR Nor i Yo d 54 RS No.
4 [Pat ent Document 3] USP No. 4,884,760 [Patent
! ﬂqaiﬁﬁtP@Dcuméﬂﬁhﬂﬁé [H@Wb&%&ﬁ”%hél¥ﬁﬁﬁgﬁ' raw
Journal of Mol ecular Catalysis, Vol.28, p.117 (1
M3 1131 SO ADSURED 0P SEHEE | VI R thd e ajbvptaiqggtu(fq_fbitll'lq:y in
present invention to solve the above-nentione
thsr nzam of e comisntd,onald e ME RIS (F5n1 381 5
inthe related art, and thus to provide a process of
Caprddinti mytolvftiyng of Imeaegte TomiAthesi Sy %%%Jp(ﬁ%slen a

practical |ow tenperature range, wherein e catalytic

repgkdoing -t y Irs adeptdeaqd lynald aw g GRyte .r%tc%'i%%gj.pgcg purge

hydrogen 5 gas. The present inventors have stu
thexléagieddledl Gassdhvehes e ctodbl @My eald (35,3 LESY! L

they have found that with regard to an oIePln
refgBParagses reacinder usi NBgenerate the deactivated catalyst,

. @ moving-bed type reactor system in which the catalyst can

be continuously withdrawn from the lower part of the fixed-

bed reactor system and continuously regenerated has been

designed. However, this method also involves complicated
installation and has problems in the operational safety.
[Patent Document 1] USP No. 4,575;575
[Patent Document 2] USP No. 4,754,098
[Patent Document 3] USP No. 4,884,760
[Patent Document 4] USP No. 4,795,734
[Non~Patent Document 1] Journal of Molecular Catalysis,

Vol.28, p.117 (1985)

DISCLOSURE OF THE INVENTION

It is an object of the present invention to solve the

above-mentioned problems of the conventionally used methods
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conventionally known catal yst containing a netal
el ement 10 such as tungsten, nolybdenum rhenium or
~the like, the netathesis reaction can be nade to
proceed in a practical |ow tenperature range at an
industrially sufficient reaction rate by using,
SEL@%? her wwth the catal yst, a conpound containing at
I one netal elenent selected fromthe 15 netal s of
Goup la (alkali nmetals), Géup Ila (alkaline earth
. metals), Goup lib and Goup Illa as the co-catalyst,
Ihaffiehy edritoni g thy dndgehugas of @rea-ed St phokRskhe s
starting nmaterials for reaction. Mre specifically,
PrRAufRipggatefiosatheanghon hetweesrs:20 rekbykene;and
2-butene, the inventors have found that it is
Prgs&arpleley tetipecabyrpr edugt, SUel ras nPeRALERE LA vt i
hexene which are produced in addition to the tafgeted
TepFbpyLEtiels impsofrednbiynglbaving tedekdseaRBLELFOR 8% gen
this invention that is industrially valuable. SF-XS 8
928- That is, the aspect of the present invention
relates to a process of producing olefins by carrying
outThe Riteadrsi nverants dvd ytighedaspl to solve
het erol ogous ol efins are reacted with each other to
Sugh el @hs nsahdvanga diéERTENt tBe $t ANGE UESSnG USEDE & th
catal yst containing at |east one netal el enent
regar@ciedn rohe fimgss et ha®l y bAeAEM of hgg{ & 5 i obi um
tantal um_ vanadi um ruthenium rhodium 1ridium
COE ALY et , cadeel gt d et £ OLES Sa SHPL QY Se Pement
compound contai ning at |east one netal el enent

| SUGRlcttendTen e hptddswef HOWPuwhdr the like, the
‘metathesis reaction can be made fo proceed in a practical

low temperature range at an industrially sufficient reaction

rate by using, together with the catalyst; a compound
containing at least one metal element selected from the
metals of Group Ta (alkali metals), Group IIa (alkaline
earth metals), Group IIb and Group IIIa as the co-catalyst,
and by allowing hydrogen gas to co-exist with the starting
materials for reaction.

More specifically, with regard to a reaction between
ethylene and Z2-butene, the inventors have found that it is
possible to reduce by-product such as pentene or hexene
which are produced in addition to the targeted propylene,
this founding_having led to completion of this invention

that is industrially valuable.
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10 (alkali netals), Goup Ila (alkaline earth netals),
Goup |ib and Goup Illa as a co-catal yst, together
with hydrogen gas. According to the present
i nvention, olefins can be produced by netathesis
reactions with high yields and 15 selectivities at
SFIgg/ﬁeaction tenperatures that do not require special
facrrities such as heating furnace or the |ike, and
also but ene cont ai ni ng but adéene can be used as a
ting, naterlal Thus, ol efins can be produced wth
3151}? R atkeet ¢h the mspeoits ofveafeiy relates to
roceSS|n 20 and econom cs. BEST MODE FOR CARRYI NG
OriBg- 036fifls Bhecartpihgsost Catmbysthesis
n the present invention contains at |east one
re%%?%%?eﬂan%h¢knhﬂm0hQGQUSebenb@t@roB@@@ugsolyﬂg@gayre
denum rhenium niobium tantalum vanadi um

' re?%‘f% iR eedi obherrtdi yielosol efdnailckel n@ng £ Bt

||ke Those having high activity are tungsten,
HEF R U e rdhepd tal yeindeamonin iNgses  1eHaSt @ iferal
1 artlcularly preferable. The structure of the catal yst
e %ﬁﬁp s A aFtrA ef sebstangstenp mheYBdéhdm$t@hénm@M'nﬂl@blum,
conposition of oxide, sulfide 10 hydroxide or the
tanGaddinyf v inm al Tutivenayn,c artyd ien,t her it <B§m¥ﬁ& and
ni ul.fides, hydroxides and the |ike supported on
i?‘ﬁ‘&T eé%éhﬁdlmdamsrag én@r]g:q,reﬁlﬂfcﬁlﬁ@cafrftﬁ,cdﬁ"da@hﬂn% at
1 called a support. The catalyst is preferably in an
e3fL g@e metal element selected from the metals of Group Ia
(alkali metals), Group IIa (alkaline earth metals), Group
ITb and Group IITa as a co-catalyst, together with hydrogen
gas.

According to the present invention, olefins can be
produced by metathesis reactions with high yields and
selectivities at low reaction temperatures that do not
require special facilities such as heating furnace or the
like, and also butene containing butadiene can be used as a
starting material. Thus, olefins can be produced with

significant advantages in the aspects of safety, processing

and economics.

BEST MODE FOR CARRYING OUT THE INVENTION
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formfromthe viewpoint that when used in a fixed-bed
flow 15 reaction, a deactivated catal yst can be
regenerated by calcining in an air atnosphere.
Furthernore, since acidity of the support causes
undesi rabl e side reactions such as oligonerization of
Sgyfg'fs and the Iike, any material not having acidity
can be 20 used for the support. Mre particularly, a
support having a surface aréa of 10 nR/g or nore is
pr_e&grred!t and preferred exanples thereof include
si'| FCH, ™Fraktfreas, cetedyss asddt e thekprewehd $hibE8ion
cob%ingﬁfelected as a suitable support particularly in
Vi-ew'sf Hadieddt ange ssurfcdes direm knowhhine t37- 238kt s
s c§$e, t he amount of the supported netal with respect
UFG Pffe TUSGEI6Ry meylvibdenium, t etien 1ok, 0184 u) £B8talum,
v raH e of 0.01%to 50% and nore preferably in the
apg 38% grisniym ovhothemetiradiah, SUBROLN, NGidkel and
thoxﬁdi’ anong the above- 5 mentioned nmetal conpounds,
on-&*SuppdhPseapapénanpigh tbeivieyheds kaawstin,the
?rﬁ. In the case of a netal nitrate or hydroxide, or
MmoLYRYSPER, 2R8I yheshum oandhembug) tReS8pPOLhGEtenat al yst
can be obtained by inpregnating a support with an
paﬁgﬁ%ﬂiéréﬁlB??ﬁﬁrpbbeided by using a polyacid, an 10
i sgpol yaci d and an anmonium salt of a polyacid, or an
a UWHhEHH UL ofh tsopod teby st ofay e 4 es§Std Veibstance
i tals as the starting material, or drying by
" eVipotatidnstame hawelng ni ngompos t EsMEs At 8% £40f 3906 g
hj gher in an air atnosphere.

r
| hyé&ox1 € or the like of each metal, or may comprise the

metal oxides, sulfides, hydroxides and the like supported on

an i i i
| inorganic compound having large surface area, which is

called a support. The catalyst is preferably in an oxide
form from the viewpoint that when used in a fixed-bed flow
reaction, a deactivated catalyst can be regenerated by
calcining in an air atmosphere.

Furthermore, since aciaity of the support causes
undesirable side reactions such as oligomerization of
olefins and the like, any materialrnot having acidity can be

used for the support. More particularly, a support having a

- surface area of 10 m’/g or more is preferred, and preferred

examples thereof include silica, y-alumina, titania and the
like, with silica being selected as a suitable support

particularly in view of having large surface area. In this
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15 For the support, commercially avail abl e ones can be
used wi thout nodification, but it is also possible to
obtain a support as an oxide by neutralizing the
corresponding netal salt wth base by a known nethod,
and calcining the resulting hydroxide. 20 When the
sFeYRRArt is to be obtained froma correspondi ng netal
sal't, it is also possible to enploy a co-precipitation
nmet hod whi ch sinultaneously @arries out the synthesis
Caof iﬁgfort and the supporting of nmetal by allow ng
&6ze éReEntopLt hbemstipposaleld woitah Reeameeshhee to the
Sucata!tyst. SF-1381 9 The shape of the support i's not
BRPEEClREr Py | ini tedms addoxiyeof 1aphaei ¢ahqshapes 012 to
50gyllndrlcal shape, extruded shape and crushed shape
fray2Be [SEE. PTRBesRREYOfint bRe pahtiche al39 mrBY-be
sel ected in accordance with the size of 5 the reacfor
in the Pefmpd off Gudpomting 190 eRdd) Asshd i O ifbve-
order to solubilize the nmetal elenment conpound suc
TRl pifgshehal novybolends oheai BEppAEEDRYP bel qui,agf M e
mevanggiunl ruthenium rhodium iridium osmumor the
eS| knan ofgarhe sotvenIn the easal ¥ygt; NRYLLE ?i%#%te or
onpl ex catal yst wherein an organic nolecule calle

hy ??E&Qﬁri@#kﬁﬂﬂﬁﬁtemhtmmﬂﬁmﬁéhﬂﬁtorF%Eéﬁﬁﬁm ié&%ﬁéﬁ%rted

to facilitate the recovery of such catalyst,

calhipt excanths it ataye deby simpesdest ofy a SSRROS L an

aqco-ca@ahyst'to be qsed in the present™ invention 1
=% TRL R dreawtowinte et plu el @i tp e ecied 4,7 om t he
isggﬁfgézid and an ammonium salt of a polyacid, or an
ammonium salt of an isopolyacid of the respective metals as
the starting material, or drying by evaporation, and.
cglcining at a temperature of 300°C or higher in an air
atmdsphere.

For the support, commercially available ones can be
used without modification, but it is also possible to obtain
a support as an oxide by neutralizing the corresponding
metal .salt with base by a known method, and calcining the
resulting hydroxide.

When the support is to be obtained from a corresponding
metal salt, it is also possible to employ a co-precipitation
method which simultaneously carries out the syﬁthesis of
support and the supperting of metal by allowing cé—existence

of the metal salt which becomes the catalyst.
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of Goup la (alkali nmetals), Goup Ila (alkaline earth
metals), Goup SIb and Goup Illa, and as the specific
kind of the netal elenent, nmention may be made of
lithium sodium potassium cesium magnesi um
cal cium strontium barium 20 zinc, yttriumand the
Sﬂ_hég USP No. 4,575,575, USP No. 4,754,098 and USP No.
4, 1,760, all issued to Phillips Inc., describe co-
cat al ysts contai ni ng nagnesi @m oxi de, but magnesi um
oxide is, not necessarily essential in thepresent
i nveRt | RP&RIE SFPa 38upRort| i shhom paoti el &y 1imited,
an otassiumare nmentioned to be nore preferred in the
sPB¥t ©bf SRREF¥Fey. shapenetrxll indmeundshapbe dseduasq
Shthe co-catalgst may be a sinple substance in the
8BFi and Greshadi Aharecoapobet uskd.5 DheOXide, of the
hydr xidf, nitrate, acetate or the like, or may
Paﬁ%ﬁﬁ Fs? oRemaY bAeselastall ¢onpouaddasest@difhnNghe size of
thanother netal conpound, that is, a conposite oxide
SUERPQECT hiRr el Erngei af whi Oh hihetsesPechhye oxi des
of _al um num and magnesium form a | ayered conpound, or
a iagdéﬁllﬁqro#%forﬁﬁlaltﬂﬁmﬂnmm alé FREASIdNBment
cooxide. Al ternatively, the co- catalyst may conprise
P, SR hpsi ten ot ekes, nblydibdxigtes, rhet 1@l §8iobium,
taqﬁgﬁates or the like of these netals supported on an
5o Gni @ reshpiiun o Widve miumh ar geo ik Acer &8s, Wik Sor
the |l ed a support. 15 Since acidity of the support
T Wi S 19T TEL & | el vareRct N UGS may be a
con?H! onerization of olefins and the |ike,
plex catalyst wherein an organic molecule called ligand

is bonded to the catalyst. Further, in order to facilitate
the recovery of suéh catalyst, the complex catalyst may be
supported on a support. |

The co-catalyst to be used in the present invention
contains at least one metal element selected from the metals

of Group Ia (alkali metals), Group IIa (alkaline earth

“metals), Group IIb and Group IITa, and as the specific kind

7 qf‘the metal element, mention may be made of lithium, sodium,

potassium, cesium, magnesium, calcium, strontium, barium,
zinc, yttrium and the like. ’ |

USP No. 4,575,575, USP No. 4,754,098 and USP No.
4,884,760, all issued to Phillips Inc., describe co-
catalysts containing magnesium oxide, but magnesium oxide is

not necessarily essential in the present invention, and
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any material not having acidity even after having
supported netal elenents of Goup la (alkali netals),
Goup Ila (alkaline earth nmetals), Goup Ilb and
Goup Illa can be 20 used for the support. More
particularly, a support having a surface area of 10

SEEﬁ/% or nore is preferred, and preferred exanples
tHereof incl ude y-alum na, zirconia, titania and the

i ke, with nmagnesi um oxi de pb&si bly bei ng used per se

.as ., a support in view of having |large surface area.
Ligpivgg) sprivraranic wardsys ium wirewnein GhaELalo be more

stability, y-alumna is a preferred support. It is
Prafesrifefier dflee asparge of aktdividy.and magnesi um oxi de-

in conbination, and to use a conposite oxide of

al URrAUREBAY mRgpeshdmtol bet hbedcasethbheoaBRElt St ofay pe
o %g%pigppogtig metal with respect to the support %ay

[ nStesiangfe da dee ispltHe skarge ; % .

and nore preferably in the range ofh%&f%??é %%&?ég%Flon
oft Agidappbrdrosduiess ciiarbyeavabbable enesneanihe Ysef,

wi t hout nodification, but it is also possible to

COBBEHER One afstppset masadncempeanhy Basikbyhidqt BEother
corresponding netal salt by a known nethod, and

metal crprpguRte thaul tspga b@ﬂ%@gigg.OEEQQHEEEHd of
supporting an oxi de, anong the above- nentioneg net al

¢ dn whiohpoht reypdetapy 9k;hbe o%%ﬂ%%ﬂ?&'rﬁ and

known in the art, and a supported catalyst can
magit it WedfGymi api egeatd nGoo SO &+ W t Boany an’ffoHfon £
solution of a nitrate or hydroxide of a netal or W th
1 3 y
alquqummgxgﬁe and magnesium oxide. Alternatively, the co-
catalyst may comprise oxides, composite oxides, hydroxides,
nitrates, acetates or the like of these metals supported on
an inorganic compound having large surface area, which is
called a support.
Since acidity of the Support causes undesirable side
reactions such as oligomerization of olefins and the like,
any material not having acidity even after having supported

metal elemgnts of Group Ia {alkali metals), Group Ila

(alkaline earth metals), Group IIb and Group IIIa can be

- used for the support. More particularly, & support having a

surface area of 10 n@/g or more is preferred, and preferred
examples thereof include Y~alumina, zirconia, titania and
the like, with magnesium oxide possibly being used per se as

4 support in view of having large surface area.
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suspensi on of an oxide, or drying by evaporation, and

calcining at a tenperature of 300C or higher in an air

20 environnent. \Wen the support is to be obtained

froma corresponding netal salt, it is also possible

to enploy a co-precipitation nethod which

si_nmul taneously carries out the synthesis of SF-1381 12
S@iﬁﬁ%%t and the supporting of nmetal by allow ng

co-exi stence of the netal sait which becones the

catal yst. The shape of the support is not particularly
Palritmicuddrlyaricth anyewolo £S RiMH1Ga] 1 4Gy indrical .

shape, extruded 5 shape and crushe %§ﬁ§%2 Ra@ BEiReyS 2
preffergieze sofppdie . part 16 @185 Q, B el.ected in .
nglccordance with the size of e ré%%%%ftpnuﬁﬁeyrﬁﬁﬁﬁlna
angf mMagne st 0x1G@ AW coWHiRSITRIE, AMER 2 Cat al ¥st o«

conprising a netal el enent such'ag'tuﬁgéféﬁ %r%FWEOSlte

oxfiidee ofuppontiadmonnd mEBReE wanNd & :Gogatal ygt
conprising a netal eleﬁént such as i% %uﬁ%%%égﬁégiﬁwpunt

ofotheheubpketedpperthedwRnha rold it ar S in
conbi nati on, one kind of the g%ppoF? Eﬁ% SpbBre may be,

‘insteuisanéouskye, SHAPOAL rhgqaehal gelhene ¢h as
tungsten or the like and tRe ngfgrbgleﬁén§H§Ucﬁngsmore

-preddrablymigneseupnnget be bike. c1554be armount of the
co-catalyst with respect to the catalyst may be any

anoimt ted vieespdktl, t&ﬁ&r@f&l%%&éﬁa@b%ﬁés Lé’a}% be

excessively small, the effect I oge
TN R TR
a Jgpportyas an oxide by basifying the corresponding metal
salt by a known method, and calcining the resulting
hydroxide.

The method of supporting an oxide, among the above-
mentioned metal compounds, on a support may be any of the
methods known in the art, and a supported catalyst can be
obtained by impregnating a Support with an aqueous solution
of a nitrate or hydrqxide of a metal or with an agueous
suspension of an oxide, or drying by evaporation, and
calcining at a temperature of 300°C or highér in an air
environment,

When the support is to be obtained from a corresponding

metal salt, it is also possible to employ a co-precipitation

method which simultaneously carries out the synthesis of




10

15

20

20 relative to the added anmounts of the catal yst and
the co- catalyst being |owered. Thus, it is not
preferable. Further, when the fixed-bed flow
‘apparatus is to be packed wth the catalyst, as
described in the Journal of Mol ecular Catalysis, Vol.
SFgﬁg . 117 (1985), the catalyst and the co SF-1381 13
catgﬁyst may be physically m xed and packed, or the
co- catalyst and the catal yst2 may be packed in the
described order fromthe side closer to the direction
SUBPOriwangt ERPaPupPestiing. olfenkitan BRyabeodlsg PBAExOEtence
a gethod of conbining 5 the above. The hydrogen added
ofi shenmetahcerbh vBigbubklcymesomhiengeusiyssuppl i ed in
t he gas phase, but the supplying nethod is not
par tFeuFaRy ¢f mhedsuproet ois Thet hydrogan a 985 T8 Hey
augglied intermttently such that the hydrogen 10 gas ’
ANPsapi PFafPenticell abhapbe bedinArngadf shiise | €act F98eq
the supply is suspended in the reaction, and after a
Shapetanf Creésked ofapeneaythe bydaogerngasiis sHpphied
again, or in the case of a liquid phase reaction, the
Paﬁ‘?ﬁ%@eﬁlmgnmyo@esehesseﬁvm a8cGrEHMEN i @O he size of
supplied. In a recycle process, 15 the hydrogen gas
the ckerete ¥ diha g of 0hel tawero tagether wth the
| ow boiling point fraction may be supplied. At |east,
evémytherme riry dwbgen agas tesadtf Qforr%ﬂﬁs&%@ugt b2l element
treatment of the catalyst is introduced to the reactor
SUGs 2§ dsinfdierhydr dgen Lion SUSEO0RN R S8 s i &l T84 »
of addi ng 20 hydrogen woul d be observed in the very
COURiAiSg cCPr iisieng a metal element such as sodium,

magnesium or the like supported on a support are used in
combination, ope kind of the support may simultaneousl?
support the metal element such as tungsteh or-the like and
the metal element such as sodium, magnesium or the like.

The amount of the co-catalyst with respect to the

_catalyst may be any amount between 0.1 to 20, but when the

amount is excessively small, the effect of adding hydrogen
is not exhibited, while when the amount is excessively large,
the ratio of the catalyst is reduced, with the activity

relative to the added amounts of the catalyst and the co-

- catalyst being lowered. Thus, it is not preferable.

.Further, when the fixed-bed flow apparatus is to be packed

with the catalyst, as described in the Journal of Molecular

Catalysis, Vol. 28, p. 117 (1985), the catalyst and the co-
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activity would be gradually |owered since there is no

fresh supply of hydrogen, eventually the reaction
‘results becom ng the sane as that of the case where

hydrogen gas is not added. SF-1381 14 Thus, the

sustai ned effect as obtained by the present invention
SEgggggt be expected. The pressure of the hydrogen added

[ nerally equal to the pressure in the reactor,

but the pressure may be 5 apg@opriately varied in

accordance with the nethod of hydrogen supply. The
caARo¥At BRYthe bpiségedlgamikedbenadgadrka, whepnLhge-

cal.culation for the raw materials to be supplied to
Catfévsteandorhescdbatybh heynbeobagrsd 9nlihe 803 BYpeq

vol une, 10 preferably 0.2 to 50% by vol une, o t%e
orfigtafrgasthevande chbeerthe ereuAl refthydr 98€P.iSLl eSS 1

than the lower Iimt of the range, the effect of
fegddnei on Mewython MEyehéiblh@dmadéhbfeamﬁ@@h&@eofnggﬁﬁining

of hydrogen is excessively large, the partia
tha,akaviee of the raw material ol efins may be | overed,

15 or the hydrogenation reaction of the ol efins may

si il dvsnogen ectled tHhuse ideddt it ¥ &fLrARle.  The

Sstructure of the olefin to be used in the nmetathesis :

CoRelreewhl el e tin tties | FYeBRn e | HOthe suLPS%ldying

articularly limted, but in the case of being

methed tife nat0 prurttias el f Ly MoreMi Y dheral £f | %@!@H&?"o&&
pli'es

napht ha crackers, the netathesis reaction a

Y . - b

gag g bt efuppel. i dek amdeasni wfert g, ohgfd r’c‘iuatﬂqactheca}ﬂ}cﬂ%gen
~used as the raw material and the

gas 1s initially added at the beginning of the reaction, the
supply is suspended in the reaction, and after a certain
length of time, the hydrogen gas is supplied again, or in
the case of a liguid phase reaction, the hydrogen gas may be

dissolved in a solvent and supplied. 1In a recycle process,

the hydrogen gas recovered from the top of the tower

together with the low boiling point fraction may be supplied.

At least, even if the hydrogen gas used for the reduction .
treatment of the catalyst is introduced to the reactor as
residual hydrogen upon nitrogen purge, the effect of adding

hydrogen would be observed in the very beginning, but the

activity would be gradually lowered since there is no fresh

.supply of hydrogen, eventually the reaction results becoming

the same as that of the case where hydrogen gas is not added.
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ol efins that can be obtained include propyl ene from
et hyl ene and 2-butene, propylene and 1-butene from
et hyl ene and 2 SF-1381 15 pentene, propyl ene and

1- pentene from et hyl ene and 2- hexene, propylene and
I sobut ene from et hyl ene and 2- net hyl - 2- but ene,

: SEgﬁ%%ﬁLene and 3-nethyl -l -butene from et hyl ene and
- et

yl - 1-pentene, and the like. Further, since the
reaction is a 5 reversible ¥Y£action, the reverse
Threactions of the exenplified reactions are al so
UFr eSSy SUSHRéSE S @l fenttemisalobtiadmereast itole prebepabl y
. consi,st of olefins only, but al kanes such as nethane,
INYPREAGD FREpstebe mxbecird. i sobutane, pentane, hexane
and_the |like may be 10 al so contai ned. Further,
ter%@%aPr8P§F¥ﬁSO§utheahydr@geanedde&-pgn@@@@rally equal
: 1-Eexene and the like may be contained in any anounts
°pEREuRESEREYealia thenmerazedrt obumt eheabrekehirBSmby be
basi c co-catal ysts. The isobutene which co-exists in
aPpherréaselyf vebiainingapcopyhane oM ehbyhePBoaNgs
h %-butene 15 reacts with the produced propylene to give
YOr@eRyPupPPhlitene, and thus it is not desirable in
t he aspect of yield. However, since isobutene does not
adViYS AOWTE ot titfe hydamtdoyRert Seve i 4dd®Y € when the
contai ned in any anount. The activity of the
Caifeita heen sTent hystawsesteniahe t30beNYEBH1 AR i the
notably inpaired by noisture, carbon dioxide,
Te3fhaptd dompolmdserres cohajss angl. Tarbonyd ISP ROURES .
as is the same with the known art, thus inpurities in
PrYtRFaly et ebo &% meedelinio, bef renoveska e dreiham e
of renoving the ]
When the amount of hydrogen is less than the lower limit of

the range, the effect of addition may not be exhibited,
while when the amount of hydrogen is excessively large, the

partial pressure of the raw material olefins may be lowered,

~or the hydrogenation reaction of the olefins may

simultaneously occur. Thus, it is not preferable.

The structure of the olefin to be used in the
metathesis reaction according to the invention is not
pérticularly limited, but in the case of being used for the
purpose of improving the olefin balance in naphtha crackers,
the metathesis reaction applies to lower olefins. Examples
of the olefins that can be used as the raw material and the
olefins that can be obtained include propylene from ethylene

and 2-butene, propylene and l-butene from ethylene and 2-
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SF-1381 16 inpurities may be any of known nethods

such as distillation, adsorption, extraction, washing

and the like. Wen the invention is inplenented by

using two or nore olefins as the raw materials, the
~amounts of the olefins 5 used with respect to each

t (weight ratio) are not particularly limted,
S¢k$?@ken one of the olefins is ethylene, it is

desirable to use ethylene inléxcess. For exanple, in

the case of a reaction for obtaining propylene from
PR eneCBoRY et 1 4den Ps@pOf 1R Ne Oy RINY | BN Mitdkene

10 respect to 2-butene is preferably 0.T to 50, and !
PLRR% ST efned aliobutizoe Mk tet By 1 Me Tk ADS AR LI L Lt ene

of ethylene is small, undesirable reactions bétween f
PAAR YR Rurieh b Ut-aree-h ydGAHb e rde O P Mo £ i Vg?l%ﬂ A8&thyl-

proportion of ethylene is excessively large, the
LB Rngeqnd ethe drikehe renetany, ofidd WHLated i on is a

et hyl ene increases, and the size of the reactor
TeVEFE b lsh ol thieni, nthea eche AL MR 19, STRIFE (@lef | ns

are_used, the olefin of larger proportion nmay be
exgi@dd £ it agetdidonat atrhe alai® df f@t i MY be suppl i ed

in parts through an opening for feeding provided in

the hga@t@awaﬂaaeﬁﬂah@'fM@yr@QéEibﬁ”préfefﬁQiiiggnggst of

the inlet of the reactor. The reaction tenpetatureis
Olﬁﬁéasn@nlwarbutuhakhyeslbabhegsiﬁegggngnvgghgﬁg, ggg ane
" ghg tenperature is preferably in the range of 10 t8 !
~BBbEneandspbreapeef peabhyiel, NhibRaner e 30 _t

350C. Wien the reaction tenperatu?eg?g gg%ligge flay be
also contained. Further, terminal olefins such as 1-butene,

l-pentene, l-hexene and the like may be contained in any
amounts because they are isomerized to internal olefins by
basic co-catalysts. The isobutene which co-exists in the
case of obtaining propylene from ethylene and 2-butene
reacts with the produced propylene to give 2-methyl-2-butene,
and thus it is not desirable in the aspect of yield.
However, since isobutene does not adversely affect the
?eaction per se, it may be contained in any amount.

The activity of the metathesis catalyst used in the

invention is notably impaired by moisture, carbon dioxide,

mercapto compounds, alcohols and carbonyl compounds, as is

the same with the known art, thus impurities in the raw

materials needed to be removed, The method of removing the
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17 extrenely low, the reaction rate is |owered, and
the productivity of the reaction product is
decreased. On the other hand, when the reaction
tenperature is extrenely high, undesirable side
reacti ons occur to increase side products 5 or to

SE@Ieteriorate the catalyst, and thus it is not
Y ical. The reaction can be carried out in any of

the states of reduced pressuge, application of
. _pressure and atnospheric pressure. Fromthe vi ewoint
Mg idasts oryefdd argnayf Mhdureasddiiu LIS ency; Rer ;
unit volune), it i's not desirable tos%égigﬂbulgﬁﬁ&latlon'
adsezettiion  aexdr setdess W&l shilnV RILSIY 85 kel YPI Cal 1y,
thﬁﬁgreferred pressure is in the range 0# 0.1 to 200
at Phetks. inuadtioneipr ehghakkby Ll e e.,of 0.5
to 100 atnospheres. Of cou?se, t he i%geﬁgigg Feo,QF more

olpfinsedsbyhel Fathege cRAEISYI & Hed AGH ,
invention is carried out, the gnouﬁﬁnggh%gakggyggegéga

uspd wWothpaespeukarby ebichi bede rHQYR . exanple, . in
the case where the reaction fgqca¥§Png%E%ost%§ ngt

pPartkedlbedyf Lbwiapgar Bbusyhbhe oxal aj : :
di vi di ng 20 the anount of ramPnatg?ig é égggﬁsédlﬁer

R Bt Lo T
f;:z Egﬁﬁﬁgﬁggéﬁ§§525§%?§&9§%$5%§¢5é5y1ene

D T abby : réﬁ%&%fbnvygneéh§iene with
respect to 2-butene is preferably 0.1 to 50, and more
preferably about 0.5 to 5. When the proportion of ethylene
is small, undesirable reactions between butene and butene
occur in addition, while when the proportion of ethylene is
excessively large, the energy required for the recovery of
gnreacted ethylene increases, and the size of the reactor
itself should be increased. When two or.more olefins are
used, the olefin of larger proportion may be added

altogether at the same time, or may be supplied in parts

through an opening for feeding provided in the reactor at a

.halfway position, in addition to the inlet of the reactor

The.reaction temperature is also not particularly

limited in the invention, but the temperature is preferably

in the range of 100 to 500°C, and more preferably in the

range of 130 to 350°C. When the reaction temperature is
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WHSV i s excessively low, the targeted ol efin produced
i nduces a successive netathesis reaction, thereby
produci ng undesirable side products, while when the
VWHSV is excessively high, a sufficient reaction
conversi on cannot be 5 obtained. Wen the invention
S ia to be inplenented, it is also possible to carry
F5ufBthe reaction in a diluted state by adding a
solvent or gas that is inertito the catal yst and
reagents in the reaction system Specifically, the
exhEeMelY0 lownt ithre dealdtanns rabeh 18S 1 BRLRaARE. aﬁahéﬂg'
propane, butane and the like, or I nert gases such as
PIRANFEEEAL Yhelfi wimeandacthenl pkeaear be Heedeaschhe on the
Otgilugnté When the invention is to be inplenented, ?%e
Avehendn wben heecaesicedonUteiy . be ;
process, the sem - 15 batch proggggxg% %Eee%gﬁgﬁ%h%Lgfgh’
unde i ppbeessdeFuethbet onhecs@act Lo, ca0.be 8k 50 products
carried out in any of the liquid phase, the gas d%ase
OT affdl ddeeghexkiquitentyedl phasean®r €h85aPLY s Al S
recommended that the reaction is carried out TR the
ecor@nytmbe fromthe viewpoint of reaction efficiency.
Th%hég cat al yst packi ng node that can be used incl udes
vafiheugeamides suoh ws ddnad e filui
;uspended bed, staged fixedcgggngﬁépfﬁé;?ﬁigsg%ﬁﬁaFﬁg of
requasst ioresmyrde appl {ELeh ito # these qpdes. ...
SF-1381 19 Aftermﬁﬁe reacti onfb%ﬁyesﬁ%cgt}?%na{ﬁoo?ﬁhcetrsm
pragmise Stumt atied wISLBEHRYLLIIANSNG LA A YRLp and
e like by a
{reaction efficiency per unit volume), it is not desirable

to carry out the reaction at an excessively low pressure.

. Typically, the preferred pressure is in the range of 0.1 to

200 atmospheres, and more preferably in the range of (0.5 to
100 atmospheres. oOf course, the invention is not limited by
these pressure ranges,

When the invention is carried out, the amount of
catalyst used is not partidularly limited. However, for
egample, in the case where the reaction is carried out using
a fixed-bed flow épparatus, the value obtained by dividing
the amount of raw materials supplied per hour (by weight) by

the weight of only the catalyst containing tungsten or the

"~ like, without including the co-catalyst, that is, as

expressed as WHSV, is preferably in the range of 1 to 2000/h,

and more preferably in the range of 2 to 1000/h. When the
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known separation nethod. The targeted product ol efins
are separated fromthe reaction mxture by a known
nmet hod such 5 as distillation, extraction, adsorption
or the Iike, and wunreacted raw materials can be
recovered and reused by recycling to the reaction
stéébﬁn] When the invention is to be inplenented, it is
desi‘red to use the catalyst and co-catal yst after
dehydrating them 10 by knows nethods. In the case of
fixed-bed reaction node, the catal yst and co-catal yst
Wity 1e crgiensdivedy ilowa teactakgedbdad ol @ERE ?EH?ﬁcQE
300C or higher for 10 or nore mnutes, while OW ng

indycgs PnekCcgasivecheasthibiegeBachebhUmaE rebhey L] -
into the reactor. Especially when the ﬁetalr?SPePghéﬁFlng

ungggizphde BﬁdehprodUatystwhslbunggheehgrngby??enum
after maintaining the catalyst and the co-catalyst in

eXPRgsivedyt bighthe eafalyséntayebersyhi B6L89rEP0R cannot be
reduction treatnent of flowng in a reducli ng gas aUeR

obgaipadbon nonoxide or hydr ogen at a tenperature of
300C or higher for 20 10 or nore mnutes, and

subfejuérs yinert toreatsmey 1 infd QMASEdD AT 1NETY oo
gas at a tenperature of 300C or higher for 10 or nore

PoFF it @sto amairtheovat ahy Sted@yi e MR R Nehg At A o
redeterm ned reaction tenperature. Since the preser%?'y

addingtd ovpleenthavacses ized | 1 & AOM NG e GOrEX STence
of SF-1381 20 hydrogen, when hydrogen Is useé?%iggrﬁ?d
Te3RIUet i ttheatemet ion tdastimed hycrogen /ey, repl 0,
the reactor. Wien the catalyst activity i's”'
merdaiardratetheaw eruch as methane, ethane, propane, butane
and the like, or inert gases such as nitrogen, hélium and
the like can be used as the diluent.

When the invention is to be implemented, the invention
can be carried out in any of the batch process; the semi-
batch process and the continuous flow process. Further, the
reaction can be also carried out in any of the liquid phase

f
the gas phase and the gas-liquid mixed phase. Preferably,
it is recommended that the reaction is carried out in the
gas phase from the viewpoint of reaction efficiency. The
catalyst packing mode that can be used includes various
modes such as fixed bed, fluidized bed, suspended bed,

staged fixed bed and the like, and the reaction may be

carried out in any of these modes,
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certain period of tine, the catal yst can be
regenerated to 5 recover the catalyst activity. In
general, the ol efin adsorbed on the catalyst is purged
with nitrogen gas, and the catalyst is oxidized with
air or nitrogen-diluted air at a tenperature of 300C
or. higher. Wen the netal is tungsten or nol ybdenum

S%Tﬁ?%%talyst can be subjected, after 10 the oxidation,
to reduction with a reducingigas such as hydrogen or
car bon nonoxi de and can be reused. In order to

mai At&er the mbebtﬁoautm%@,r@w@tqbntEkggucggagggrgeﬁay
be arranged in parallel, and a nerry-go-round node in

SeRArEt aghidnel amecofe tdte MRACHHS datNYNG LEILRSAN8G 1y o
15 the other one or two reactors are operated to carry

ko tstepa mmgtianh esithodeac tirdn vEyhe PPt olefins are
Furt hernore, when there are three reactors, two oP

SePReateactioon why beaeeuReCtidtute Y LEInbAn’ GAYES 4t B ch
fluctuation in the output. Wien the” reaction Is

ascgistdd latiti onp axtkﬂbﬁﬁé%Q'B@Qo&b@%bﬁeagtkﬂ@ 29 aode 4
or in a noving-bed reaction node, all or part o# the

unggegkypdt rey matbdiad® Eaembkheckeastal Sﬂgt EEH%E%‘ KyOr
intermttently, and a correspondi ng anount O e

re@ﬁ@éﬁygttocahebEeauapbﬁﬁEgEngmo mai ntain the activity
at a certain level. SF-1381 21 In a suspended-bed

g it 000 gl s . A
tonesesthe ycatehpser ah@dcbochea ¥ssed éﬁ@éf‘-déh?&(@@%% them
by known methods. In the case of fixed-bed reaction mode,
the catalyst and co-catalyst may be maintained in a reactor
at a temperature of 300°C or higher for 10 or more minutes,
while flowing in an inert gas such as nitrogen, helium or
the like into the reactor. Especially when the metal
element contained in the catalyst is tungsten or molybdenum,
after maintaining the catalyst and the co-catalyst in the
reactor, the catalyst may be subjected to a reduction
treatment of flowing in a reducing gas such as carbon

meonoxide or hydrogen at a temperature of 300°C or higher for

10 or more minutes, and subsequently to a treatment of

- flowing in an inert gas at a temperature of 300°C or higher

for 10 or more minutes, and the catalyst may be maintained
at a predetermined reaction temperature. Since the present

reaction is characterized in allowing the co-existence of
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[ Exanple 1] 0.83 g of anmoni um net at ungst at e
(Sigma-Aldrich Corporate) was dissolved in 100 m of
distilled water, and 5 10 g of silica gel Q10
avai l able fromFuji Silysia Chemcal Ltd. (surface
area 300 n2/g, pore volune 1 n/g, and 150 to 500 pm
s, suspended therein wth stirring at room
Sk dmSdr at ure for 30 minutes. Subsequent |y, water was
evaporated off in an evapora®r. The resulting white
solid 15 was cal cined under an air atnosphere at 550C
hydgiogenhowhsn hikeogkiaiizedseat d'rﬁ’%he“@%dﬁ%ftgﬁﬁe? LA Adnt,
WD 10. 2 g of W@ 10 and 3.5 g of hydrotalcite ﬁ
th@h@ﬁﬁ@ahyﬂmdg&hrma@o:amahhd1n krawead 860, 500 m mere
physically m xed and packed in a reactor manufactured
by Busn bheicgtahyext ecoatig) ﬂsaa€£§£18£aé dnﬁ% apd, a
length of 40 cm with the top and bottom of the
CeFéééﬂopepaoﬂedfmtthea ghencaa algkks cafhge E@&ghkégged to
reactor was used as a butene purifying tower
regoyey bheWwridlpsd AcBigiel . hydnrohahebhe, V“E?S olefi
dphygééilggtg1xedtand paékgd at@thg center o reaf or
adgpr o sanafatystedsbyy n e
thdl arretfr of 10 mMm gnd a Igng?hdofﬁg% %%@P%?éﬁ ?ﬁg and -
andabalysm b ohediseacworhpagke u
balls. The resulting reactor ﬁagrnﬁégrg%@% ?%g ed a%r at
2 Genpeyaiwmrefoni 300Yencgagi ghe AMDI @ L pgﬁégr“é ayvafs
flowed in fromthe top of the reactor
turg$ temepr fmahytden o} tome OéaESJEyéx?aéé&fbé(‘Béuéj 8¥‘€Qd after
into the butene !
the oxidation, to reduction with a reducing gas such as

hydrogen or carbon monoxide and can be reused.
In order to maintain the olefin output, two or three
reactors may be arranged in parallel, and a merry-go-round

mode in which while one of the reactors is being regenerated,

.the other one or two reactors are cperated to carry out the

metathesis reaction may be adopted. Furthermore, when there
are th;ee reactors, two of the reactors may be connected in
series to reduce the fluctuation in the output. When the
reaction is garried out in a fluidized-bed flow reaction
mode or in a moving-bed reaction mode, all or part of the
catalyst is withdrawn from the reactor continuously or
intermittgntly, and a corresponding amount of the catalyst
can be supplemented to maintain the activity at a certain

level.
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purifying tower fromthe bottomto the top, while the
tenperatures of the reactor and the butene purifying
tower 10 were all elevated to 550C and mmi ntai ned for
1 hour. Subsequently, a gas m xture forned by addi ng
50 M/ mn of hydrogen gas at anbient pressure to 50
Squ%%in of nitrogen gas at anbient pressure was fl owed
a@ PHe sane tenperature for 30 mnutes. Wile flow ng
again 50 mM/mn of nitrogen 26 gas at anbi ent
pressure, the butene purifying tower was cooled to
50CI M afdSHAEendadtbedwasdeotbedat Ba258Cor continuous
Trans- 2-butene (99% purity, Takachi ho Chem ca
TepRldenyi dhecsatalyet) igadidkstise e@pavet el ahM-B8overed
%Sunitonn Chem cal Co., Ltd., NKHD 32) before use was !
antl| dheBeracgarie regebaranedpyni by ngekoWgh ik om the
bottom at anbient pressure at a rate of 2.3 m/mn.
The purified trans-2-butene obtained fromthe top was
conmbined wwth ethylene that was fed at anbi ent
pressure at a rate of 6. ExmMemms and hydrogen that
was fed at ambient pressure at a rate of 20 mM/mn
and SF-1381 23 the mxture was fed to the reactor
fromthe top in the gas phase. The gas m xture
[Expd @iedl] from t he bottom of the reactor was anal yzed
on-1ine by gas chromatography. Based on the
cofp&si & &f teakrem i3inh awrts: tafdgart dthe ﬁ@l a_@&oﬁdch
initiation, the butene conversion cal cul ated by

Corpaintie Ing'as hdis s bredinourto®fmt r@ﬂsdgs@ﬂiﬁée@'wa er, and 5

cis-2-butene and 1- butene in the gas at t out 1 et’,

9 G grhdime amurd-10 suppldec fF@nSm2y DU NG MBS %c a1
L &The propyl ene selectivity at this

td. (surface area 300 nF/g, pore volume 1 ml/g, and 150 to
500 pm) was suspended therein with stirring at room
temperature for 30 minutes, Subsequently, water was
evaporated off in an evaporator. The resulting white solid
was calcined under an air atmosphere at 550°C for 6 hours.
The obtained catalyst was referred to as WQ—lO. 2 g of WQ~-
10 and 3.5 g of hydrotalcite (Kyowa Chemical Industry Co.,
Ltd., Kyowaad 500, 500 pm) were physically mixed and packed

in a reactor manufactured by SUS, having an external

.diameter of 12 mm and a length of 40 cm, with the top and

bottom of the reactor packed with a-alumina balls. The
resglting reactor was used as a butene purifying tower.
Next, 0.1 g of WQ-10 and 0.3 g of hydrotalcite were

physically mixed and packed at the center of a reactor
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time based on butene was 970- and a small anount of
pentene 10 was generated in addition. Further, propane
was generated together with propylene, and the ratio
of propane/ propyl ene was 0.085. The reaction was
further carried out for another 12 hours, but no
decrease in the conversion was observed. [Exanple 2]
SFT83Pde reaction was carried out in the same manner as
in Exanple 1, except that tdwe anount of the hydrogen
gas at anbient pressure fed to the reactor was 5
maﬁpﬁﬁpﬁurﬁﬁebybﬂmsnehe&ﬁmgr&hogxgggggqegigxegﬁglgfiQg i
hhe as at the outlet taken 3 hours after the
anflegcteogtihniotfi 30i em, Was tE5%ne2@ oFhenRr e
selectivity at this tinme based o% gﬁge%g¥&g§ OSSEgeand
reactoul paakedntvieh peBteRe era i.n.addition,
Further, propane was genepg?ggggggetﬁgg %FFHgglng reactor
wapgrupgtieme, aamdactbe.rati o of propane/ propyl ene was
0..0094. The reaction was SF-1381 24 further carried

out>¥ grl Amiat hef dﬁth&j}éﬁ,?@éﬂtaﬁoaﬂ%ér{ﬁﬁyrréé%&féq%as

conversi on was observed. | Exanple 3] ion Was

fleweditu Huomi htheheosadE FBRANEEa@BoLN 2By EXAMPLE. Lo 4.
’ d
except that the anmount of the hydroge% ggé at&ééuﬁﬁﬁﬁﬁng

Fro edsarleot eaint of t Be ! £a6E 05r Wis 26 DO NindBI% n DY
conversi on obtai ned by anal yzi ng the gas é% t he

PUBLfY g ttakesr 3fhomrshafbertdhe: & eaed i 05, i Nidi At i.9n was
75% The propyl ene selectivity at tH?ngﬁﬁ%'%%éééaon

tempagrmriomes do ﬂ%@r@é&@r Sém l tl?éT%‘Eerﬁ)é Mﬁ}_eng\/\@tsower

generated in addition.

were all elevated to 550°C and maintained for 1 hour.
Subsequently, a gas mixture formed by adding 50 ml/min of
hydrogen gas at ambient pressure to 50 ml/min of nitrogen
gas at ambient pressure was flowed at thé same temperature
for.30 minutes. While flowing again 50 ml/min of nitrogen
gas at ambient pressure, the butene purifying tower was
cooled to 50°C, and the reactor was cooled to 250°C.

Trans-2-butene (99% purity, Takachiho Chemical
Industrial Co., Ltd.) gas distilled over y-alumina (Sumitomo
Chemical Co., Ltd., NKHD-32) before use was flowed into the
butene purifying tower from the bottomlat ambient pressure
at a rate of 2.3 ml/min. The purified trans-2-butene
obtained from the top was combined with ethylene that was

fed at ambient pbressure at a rate of 6.1 ml/min and hydrogen

that was fed at ambient pressure at a rate of 20 ml/min, and




10

15

20

Furt her, propane was generated together with
propyl ene, and the ratio of propane/propyl ene was
0.0063. The reaction was further carried out for
anot her 12 hours, but no decrease in the conversion
was observed. 15 [Exanple 4] The reaction was carried
Sé%i§ln the sane manner as in Exanple 3, except that
& nperature of the reactor was set at 200C. The
but ene conversi on obtained by3anal yzing the gas at
the outlet taken 3 hours after the reaction 20
th@u@%%ﬁqﬁﬂwww&sféﬁ%toThmep&Qﬁthnenghthbvkg qh E%f gas
time based on butene was 98% and a snal
Phzé&f-endhbagasgeriatatred oot ;dddid ifQmm THE! B%gto %&a[&%e
r%giiﬁggnera%;gd tgggther mLLh propyl;ne eratio
pate Fykeenen-was s
further carried out for SF- f%g%%QSE gﬁggﬁggkggh oursBased

onphengoggosdaseni hakbe GORGENS %@t\é@stheb}?gég%&* n
[Tabl e 1] Propyl ene synthesis reaction per orneg usi ng

1npdiad ignd tﬁehydtehalebhee5é§6ﬁ|%aB@ﬁQ&tQEFEgoﬂégﬁE@ing

of Butene Propyl ene Propane/ Tenperature
theoﬁvéﬁélemoﬁeteoflvrhusEpogmkgﬂg glg5ggbg§ g% %@5 {5%

buBfnei hnsShe 9§s5/g ocagog;a; mgﬂeégﬁé" giﬁ;ﬁ? m?;: ;1&{61%@ 8¢0 i

' £ gggplled
Lrans-2-butene was 75%. The propylene selectivity at this
time based on butene was 97%; and a small amount of pentene
was generated in addition. Further, propane was generated

together with pbropylene, and the ratio of propane/propylene

was 0.085. The reaction was further carried out for another

12 hours, but no decrease in the conversion was observed.

[Example 2]

The reaction was carried out in the same manner as in
Example 1, except that the amount of the hydrogen gas at
ambient pressure fed to the reactor was 5 ml/min. The
butene conversion obtained by analyzing the gas at the
outlet taken 3 hours éfter the reaction initiation was 75%.
The propylene selectivity at this time based on butene was
98%, and a small amount of pentene was generated in addition.
Further, propane was generated together with propylene, and

the ratio of propane/propylene was 0.0094. The reaction was
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[ Exanpl e 5] The reaction was carried out in the sane

manner as in Exanple 3, except that the kind of the

co-catal yst packed in the reactor was changed to

magnesi um oxi de (Kyowa Chem cal 10 Industry Co., Ltd.,

Kyowarmag 150, classified to 150 to 500 pmafter
SEg_qg;ession nmol di ng). The butene conversion obtained

b&' Halyzing.the gas at the outlet taken 3 hours

after the reaction initiati otdwas 78% The propyl ene

sel ectivity at this tine based on butene was 98% and
Turthers gainrigdoont dorpemcthe Wae genaisat @it Mo decrease in

addition. Further, propane was generated together
thi genyespiloaneasantschwerdati o of propane/ propyl ene

was 0.011. The reaction was further carried out for
[Exssder 312 hours, but no decrease in the conversion

was observed. 20 [ Exanple 6] SF-1381 26 The reaction

wasTlar Feadtbon wast bershe® cBoner 85ei BamEXAERhEr Sas in

except that the tenperature of the reactor was set at
Expgpde Theeboeptetbanyehsi anoahtabiedhby hgaabyzhngast he
mgas at the outlet taken 3 hours after the reaction 5
AampPaPptapreAswas 78eb tShehpr opybese sakeot invi/thynat &hES

time based on butene was 98% and a small anount of
buE@ﬁ?eﬁ@nﬂassiganebaeedeﬂnbgdahgnpainguEhae asPEBPARE

was generated together with propylene, and the ratio
ouptepr bphee/ propykeneftuastRe 0069ctThe LBAEEEONOWESas 755 .

further carried out for 10 another 12 hours, but no
ThﬂeE?@}aSbelhﬁ $hbec’oan!Et§i 8t ¥A$s time based on butene was

o
98%, and a small amount of pentene was generated in addition.

Further, propane was generated together with propylene, and
the ratio of propane/propylene was 0.0063. The reaction was
further carried out for another 12 hours, but no decrease in
the conversion was observed.
[Example 4]

The reaction was carried out in the same manner as in

Example 3, except that the temperature of the reactor was

.set at 200°C. The butene‘conversion obtained by analyzing

the gas at the outlet taken 3 hours after the reaction
initiation was 75%. The propylene selectivity at this time
based on butene was 98%, and a small amount of pentene was
generated in addition. Further, propane was generated
tggether with propylene, and the ratioc of propane/propylene

was 0.0032., The reaction was further carried out for
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observed. [Exanple 7] The reaction was carried out in
the sane manner as in Exanple 3, except that the kind
of the co-catal yst packed in 15 the reactor was
changed to cal ci um oxi de (Wako Pure Chem ca
I ndustries, Ltd., classified to 150 to 500 pm after
4FC g@ression nmol di ng). The butene conversi on obt ai ned
bg &nalyzing the gas at the outlet taken 1 hour after
the reaction initiation was2¥8% The propyl ene
selectivity at 20 this tinme based on butene was 98%
anghhey dgnhiousifouitutoho dentersends GeREHINSErsAon was
addi tion. Further, propane was generated together
ObﬁFFHeSropylene, and the ratio of propane/ propyl ene
was 0.020. [Exanple 8] SF-1381 27 The reaction was
[TaBiei éd out in the same manner as in Exanple 7,
except that the tenperature of the reactor was set at
200 CHkenat eretbenver séant bh ap8etobiednat Yih N- & ng
as at the outlet taken 1 hour after the reaction 5
hygﬁPF?bFFEﬁ was 76% The propyl ene selectivity at this

£ basEd on—bytene—was—98M spel | amount of

pent er edﬁv\?aagl@réner%%d"afcﬁ OaFdzl tBussne Fuf t Prepyl@reopaRgopane/
——ﬁwxs—gﬁﬂ$gﬂﬁi£%iﬂffi4;eﬂ1ﬁ£92ﬁmjjw Bropybbe| Sandtihieyr|atiopyiene
of* propang?biCopyllerd® mwagn0. 009375410 [ Exanphe 9] 1Thg oss
réactjon ¥Eccarfi e uhid N [ he g8 NRNNEGEdS 11 o (0os

3 250°C 2 ml/min 75% 98% 0.0063
4 200°¢ 2 ml/min 75% 098% 0.0032
[Example 5]

The reaction was carried out in the same manner aé in
Example 3, excgpt that the kind of the co-catalyst packed in
the reactor was changed to magnesium oxide (Kyowa Chemical
Industry Ceo., Ltd., Kyowamag 150, classified to 150 to 500
um after compression molding). The butene conversion
obtained by analyzing the gas at the outlet taken 3 hours
after thé reaction initiation was 78%. The propylene
selectivity at this time based on butene was 98%, and a
small amount of pentene was generated in addition. Further,
bropane was generated together with propylene, and the ratio
of propgne/propylene was 0.011. The reaction was further
carried out for another 12 hours, but no decrease in the
conversion was observed. |

[Example 6]
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- in - | yst
Exanpl e 3, except that the kind of the co-cataly:s
' i de -
(el assif1ed to 150 {0 500 mafter caleining at 550C
(e Tt ot e obtai b by the addition of yttrium
the precipitate obtained 15 by e o ol di he
nitrate to aqueous ammonia, and conerss!o ol ag :
The butene conversion obtained by analyzing g
SFafl3BAe outlet taken 3 hours after the reap:|02t his
initiation was 77% The propyd ene selec}:V| y at this
ti me based on butenegmas ;;Z@ﬁfgg aggr?heranogo ot
penTkaeryast 9eAeyakedat-Pi 8404 h S in
was generazed toaether MAéh pégpy#ﬁg }e%zéifigﬁéél?%
Exafiplpr epaseckehepyhere +Was+Qp t Lion was s
fu?ther parr?ed out For_ano?%er Eieh8ga§, E§§3:§ .
e B o 107 ThS PO Oy Les B B B belr bV h e bging
[ Exampl e ere BRI
thengaeragsthB oExa8p! €53 exCERt gha% the, kind o {
co?catalyst pgckeghiné ?Ee reaggg:?mégrcﬁgﬁgﬁﬁa?B 9" nc
indxidei oNekasPypg  Chefglc 7Y At this time
classified to 1§0 toh ?gﬁﬁgﬁfger SE%E?E%%% %EZ 18
based dbRdutand ghsogghat ,fhe, entene was
reactor was set ft %6DCEP§:§ gﬁﬁ?ﬁfigggg%{%fo?aken
e0bt st 8@ diRYadapal ¥Zi Nop . AN
7 hour after the Teaction |nlfﬁa??%?i%%si?%%@i?%@itene
e 000 and S har T T Sl cnb ReSe Gerdr g ene
wag N0 20k g | onph Eurd el 5 rPrv%J%nleur ter gggl?{laetc?doéggférher
with propylene, and the ratio o
another 12 hours, but no decrease in the conversion was

cbserved.
[Example 7]

The reaction was carried out in the same manner as in
Example 3, except that the kind of the co-catalyst packed in
the reactor was changed to calcium oxide (Wako Pure Chemical
Industries, Ltd., classified to 150 to 500 um after
compression molding). The butene conversion obtained by
analyzing the gas at the outlet taken 1 hour after the
reaction initiation was 78%. The propylene selectivity at
this time based on butene was 98%, and a small amount of
pentene was generated in addition., Further, propane was
generated together with propylene, and the ratio of
propane/propylene was 0.020.

[Example 8]
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propane/ propyl ene was 0.0013. [Table 2] 15 Propyl ene

synthesis reaction performed using WQ-10 and various

co-cat al ysts Exanpl e Reaction Kind of Co- Butene

Propyl ene Propane/ Tenperature catalyst Conversion

Selectivity Propylene 5 250C Magnesi um 78% 98% 0. 011

oxi de 6 200C Magnesi um 78% 98% 0. 0069 oxide 7 250C
SFCAI3&ilum oxi de 78% 98, 0.020 8 200C Cal ci um oxi de 76%

98% 0. 0093 9 250C Yttrium oxyde 770 98% 0. 0024 10

200C Zi nc oxide 32% 90% 0. 0013 [Exanple 11] SF-1381

29 TBegrefcyiahuwhbackBuathory+Chgnigal , :

NKHD- 32, .surface area 250 ne/g) was sﬁé@%nﬁéégFﬁ 3 1
Exgopdei Gn edicepal thag @140 t@nfe SahGHeumydroxi Wako

Pure Chem cal |Industries, fﬁyﬁ.) iunelgg )r(l-"?‘eo?egl%tgr was
SeuistiQDédeatEheabut@ggl@Oﬁ%gg%r%hu s stirrin .

for 30 m nutes, and water was éVap%?g?%égng&iﬁnggy21ng
thevgper atotheThatnesukbikag Whikl.g Sqld Leined

under an air atnosphere at 550C for %rh\gﬁ?“s%ga&téoa of
inihéatboni wed yeal unrRa- pwBROL LG sical .

mxed with 0.1 g of wﬁ)o, byt thge%g??h?’gg E%pgi&égdtlme
baaedt be BOterst Ras0bgg, r gaat ar spaRYf d_ by SU

havi ng an ext er nal sHamny QﬁEHEE o? pghégne was
generated in addition. Further, propane was generated

- together with propylene, and the ratio of propane/propylene

was 0.0093.
[Example 9]

The reaction was carried out in the same manner as in
Example 3, except that the kind of the co-catalyst packed in
the reactor was changed to yttrium oxide (classified to 150

to 500 pum after calcining at 550°C the precipitate obtained

by the addition of yttrium nitrate to aqueous ammonia, and

compression molding). The butene conversion obtained by
analyzing the gas at the outlet taken 3 hours after the

reaction initiation was 77%. The propylene selectivity at

this time based on butene was 98%, and a small amount of

pentene was generated in addition. Further, propane was
generated together with propylene, and the ratio of

propane/propylene was 0.0024. The reaction was furfher
carried out for another 12 hours, but no decrease in the

conversion was observed.
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di aneter of 10 mmand a length of 30 cm with the top

and bottom of the reactor being packed with a-al un na

balls. The resulting reactor was used as the reactor.

The reaction was carried out in the sane manner as in

15 Exanpl e 4, except that the above-described reactor

was used. The butene conversion obtai ned by anal yzing
SH11ssgas at the outlet taken 3 hours after the

reaction initiation was 74%,_. The propyl ene

selectivity at this tine baé%% on butene was 97% and
[ExafifRlel 1@qount of pentene was generated in addition.

20 Further, propane was generated together with

pro e the ratio of propane/ propyl ene was

0.Og%%.Pgﬁgégg%cvggnCﬁﬁgle u?ﬁhefnc%P?i%%m%umam@ﬁr as in
Exapether 1 S,hut _no decrease in the conversion

wagtl%bgér 55535&%!&% Ep‘fz?‘léﬁ- ¢3gthgocoacebadushl packed in

h¥asg c i n,.the sape manner as in_Exanple 11,
- excggtfze?gatﬁg?hghé%ﬁﬁt Ot 2LRE exkePuAAler BuFgeChemical

RS P (hoozate Rankier 180 Tn EMAnshcadtenxcont
R b nIEILRGl OBRa ety anat e bmpeayass mE the
e e A G BT 400 ie Py Femes sevatersioy abtainad by
PR i Bt BB TRl c5-ken T el e epripane
e oy B T s vadt o] OB By fe 19 ke Lty at

this time based on butene was 90%, and a small amount of
pentene was generated in addition. Further, propane was
generated together with propylene, and the ratio of
propane/propylene was 0.0013.

[Table 2}

Propylene synthesis reaction performed using WQ-10 and

various co-catalysts

Example Reaction Kind of Co- Butene Propylene Propane/
Temperature catalyst Conversion | Selectivity Propylene
5 250°C Magnesium 78% 98% 0.011
oxide
6 200°C Magnesium 78% 98% 0.0069
oxide :
250°C Calcium oxide 78% 98% 0.020
200°C Calcium oxide 76% 98% 0.0093
250°¢ Yttrium oxide 77% 98% 0.0024
10 200°C Zinc oxide 323 90% 0.0013

[Example 11]
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further carried out for another 12 hours, but no

decrease in the conversion was observed. [Exanple 13]

15 A co-catal yst was produced in the sane manner as in

Exanpl e 11, except that the amount of the cal cium

hydr oxi de 'supported on y-alumna was 0.1 g, and the

reaction was carried out in the sane manner as in
SFEl3fpl e 4, except that the above-produced co-cat al yst

was used. The butene.20 conwveysion obtained by

anal yzing the gas at the outlet taken 3 hours after

t he3 r gast iom liuafitiAt dQy) asegéeﬁﬁg:%tle °py'§E§6% NKERg 32,

selectivity at this tlrre

.suafsmal hragoppb ﬁ#/@emaeglesgga&dlg@ Jt ed JJ acddltl on.
t oge

Furt her, propane was generate et W

dlpsobyhﬁ@eo @Odg55f1§§ic§ﬁm ﬁ98¥%giﬁg g&a%% %%ge Chemical

pr opane/ propyl ene was 0. 0022 e fea

Influstheespcarfdiefd oNt1H0 f”8£h&is%%lf&&r%at%%ggﬁg%%qui

decrease in the conversion was ObSérve

tebpdravucatdl ¥st s MBSy PLOAHSEd sane nner as in
Exanpl e 11, except Th ? ﬁg %%2%%€§t 3upps q?f%ﬁf?ﬁ1was

evypatated do £ f\Vasn 0ar55e19a19£ dﬁ‘?&Pes' n| L rlglgii%%\/\avab]ste solid

Chem cal | ndustri es, and

vai%ilpﬁﬁtuﬁibef g%ove pr otgﬁg%g{ei Cﬁ%@&e J{’Va% hours.
e e TR ﬁsﬂ%é%'g%er ed fe® Pekcphynically
mixed twiath @ Map %o -Iil't? FHr&ple.henemlsx 1_1Lercet I‘;.«rvalst %)acked at the
genter of a reactor manufactured by SUS, having an external
diameter of 10 mm and a length of 30 ém, with the top and
bottom of the reactor being packed with o-alumina balls.

The resulting reactor was used as the reactor.

The reaction was carried out in the same manner as in
Example 4, except that the above-described reactor was used.
The butene conversionlobtained by analyzing the gas at the
outlet taken 3 hours after the reaction initiation was 74%.
The propylene selectivity at this time based on butene was

97%, and a small amount of pentene was generated in addition.

Further, propane was generated together with propylene, and

~the ratio of propane/propylene was 0.0018. The reaction was

further carried out for another 12 hours, but no decrease in
the conversion was observed.

[Example 12]
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this tinme based on butene was 87% and a small anount
of ° pentene was generated in addition. Further,
propane was 15 generated together wth propyl ene, and
the ratio of propane/propyl ene was 0.0036. The
reaction was further carried out for another 12
hours, but no decrease in the conversion was
srehsenved. [Exanple 15] 20 A co-catal yst was produced
in the same manner as in le 11, except that the
conmpound supported on y-alumna was 0.35 g of zinc

ni t;ga(t;g_&é{%\éﬁ rﬁag‘ﬁ%&%?é Pﬂuts*%lré' :S% Lt d. ir aa2§ in

t he reactlon S car
B Ra T 142" P aE e b he ROPEHE BonobFcrafChmtamiaoxie
suBpoRreneh e Al E ™ vt é*%eo%“&%ié o5 R yne
cobPLss it ANl a8 00 BULSDE e S

o d th
thg?%%§€%neP5&Q§g§he ra?gnf Swgﬁaﬁggﬁrggym%n%utﬁﬁ%

T furth d fo
ot ey 1P FBEREA Y 4 n%lkﬂgir:lﬁ‘égﬁ%g HRE et corperer e taken

o .1 co-cat al yst was
’ %?%%%c€§€%% e g%%é%ﬁ% n%?l £ f%on a%i 11, TR&cept

erfpisise et e o alunle i 5

and a small amount of pentene was generated in addition.
Further, propane was generated together with propylene, and
the ratio of propane/propylene was 0.0025. The reaction was
further carried out for another 12 hours, but no decrease in
the conversion was observed.

[Example 13]

A co-catalyst was produced in the same manner as in
Example 11, except that the amount of the calcium hydroxide
supported on y-alumina was 0.1 g, and the reaction was
carried out in the same manner as in Example 4, except that
the above-produced co-catalyst was used. The butene
conversion obtained by analyzing the gas at the outlet taken
3 hours after the reaction initiation was 75%. The
propylene selectivity at this time bésed on butene was 96%,

and a small amount of pentene was generated in éddition.

Further, propane was generated together with propylene, and
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Ltd.) and 0.038 g of sodi um hydroxi de (Wako Pure
Chem cal 15 Industries, Ltd.), and the reaction was
carried out in the same nanner as in Exanple 4,
except that the above-produced co-catalyst was used.
The butene conversion obtained by analyzing the gas
at the outlet taken 3 hours after the reaction
SEraB8itati on was 76% The propyl ene selectivity at 20
this tinme based on butene wag 95% and a small anount
thof pent ene was generated in addition. Further,
fr opane wasprgpageabedpl 0 h ht opy. e nd.
the ratio of gropa%e/%gogi%eﬁésmgé58§%021#§$h£e§cglon was

furtheri oarwasdf ont hesr SEnde84 332 GaRELedLQpt L oF '
anot her 12 hours, but no decr ease ?%E%hgbggo%ée?%?ﬁﬁase in

theasoobsesved. vhExawpéevdd] A co-catal yst was produced
in the sane manner as in 5 Exanple 11, except that the

[Exampbentl4 supported on y-alumina was 0.076 g of sodi um
hydr oxi de (Wako Pure Chem cal |Industries, Ltd.), and
t he? reeaads torl WS wedy Id @Rl 14 t nner as .n
Exanpl e 4, except thz?t t he abol\r/he-egireeodsu%%%g co-Cat® )?é“t
Exams! eiISED, dheeputigns ersion. obt ai ned by 10 :
f R e o%ﬁ%hrfﬂgk%%%%ﬁ o tled lpdna

anal yzing the gas a

wag dacts ohind ctd YA e sel ectivit
an Pld DMNES; 9P e S@%%er@?eénls vity

at this tinme based on butene wa an
Incdarsdunite sof LtRENt, eng dvas, Jene i I ti.on, Further,
propane was gener at ed togefﬂ%ﬁﬂﬁﬂgﬁﬁgggﬁﬁﬁgugu md+ the

-Samenenarafdio 4 {kD H¥RRARS/Pr Yl LNe AT Och%o%%ove—produced

co-catalyst was used. The butene conversion obtained by

analyzing the gas at the outlet taken 3 hours after the

" reaction initiation was 16%. The propylene selectivity at

this time based on butene was 87%, and a small amount of
pentene was generated in addition. Further, propane was
generated together with propylene, and the ratio of
propane/propylene was 0.0036. -The reaction was further
carried out for another 12 hours, but no decrease in the
conversion was observed.

[(Example 15]

A co-catalyst was produced in the same manner as in
Example 11, except that the compound supported on y-alumina
was 0.35 g of zinc nitrate (Wako Pure Chemical Industries,
Ltd.}, and the reaction was carried out in the same manner

as in Example 4, except that the above~-produced co—-catalyst
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[ Exanpl e 18] A co-catal yst was produced in the sane

manner as in Exanple 11, except that the conpound

supported on y-alumna was 0.038 g of sodium

hydr oxi de (Wako Pure Chemi cal 20 Industries, Ltd.),

and the reaction was carried out in the sane manner

as_in Exanple 3, except that the above-produced
SF6é3§&talyst was used. The butene conversion obtai ned

by analyzing the gas at the&xutl et taken 3 hours

after the reaction initiation was 76% The propyl ene
wageheedi-vi TheabubEn38dnd4rsibhs obtBBnBASEY A2 PYLERE the

was 97% and a small anount of pentene was generated
gapnahddhei ont1Eur thken Prhpape wWEserJener akgd:tgget her
. With propylene, and the ratio of propane/propylene
1nkasadioolvaFhecseacrhonpwosylluhbnNee18c6a6EL6da0UER 9Tt ime

another 12 hours; but no decrease in the conversion
baged obskunvede ﬁiﬁbBQ%S]aﬂﬁoéybﬁaﬁlsxﬂbbﬁﬁ'éfrﬁéﬁﬁéﬁ@ was

performed using WQ 10 and various al um na-supported
gereraucdl ystadddt Bxn. Compether\\epabhbaHseda BuseRerateq

Propyl ene | Propane/ supported on for Conversion

tosethkeriwitly Propylene, ahanina §aep@réfngéé%gﬂéfpro%y%;ne

Calcium 0.4 g 74% 97% 0. 0018 hydr oxi de I ci'um

wag) 70008 Orid2beaction was further carried out for

another 12 hours, but no decrease in the conversion was
observed.
[Example 16]

A co-catalyst was produced in the same manner as in
Example 11, except that the compounds supported on y-~alumina
were 0.35 g of zinc nitrate (Wako Pure Chemical Industries,
Ltd.) and 0.038 g of sodium hydroxide (Wako Pure Chemical
Industries, Ltd.), and the reaction was carried out in the

Samé manner as in Example 4, except that the above-produced

- co-catalyst was used. The butene conversion obtained by

analyzing the gas at the outlet taken 3 hours after the
reaction initiation was 76%. The.propylene selectivity at

this time based on butene was 95%, and a small amount of

~pentene was generated in addition. Further, propane was

generated together with propylene, and the ratio of

propane/propylene was 0.0021. The reaction was further
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hydroxide 13 Calcium 0.1 g 75% 96% 0. 0022 hydr oxi de

14 Magnesium 0.55 g 16% 87% 0. 0036 nitrate 15 Zinc

nitrate 0.35 g 66% 94% 0.0016 16 Zinc nitrate 0.35 ¢

and 76% 95% 0. 0021 and sodi um 0. 038 g, hydroxide

respectively 17 Sodi um 0.076 g 75% 98% 0. 0033

hydr oxi de 18 Sodi um 0.038 g 768 978 0.0010 hydroxide
SE-*1)38Amount used based on 3 g of alum na [Exanple 19]

SF-1381 35 A co-catal yst mgﬁgproduced in the sane
manner as in Exanple 18, exCept that the reaction

treRer atr t 1,200C,__and the reaction was
cacarried %u?c%ﬁ%?%ghggnézngﬁHgP’ Yt ROERERpPase, in the

coxeeRt ohNah st ResahQug- produced co-catalyst 5 was used.
The butene conversSi on obtai ned by analyzing the gas

[Egbmbmg Qqqlet taken 3 hours after the reaction
initiation was 78% The propyl ene selectivity at this

e e 8 2Dl B G 1 b P
EX%@?%%eggfgéggglg/Eﬁ%g;?g%eggégogﬁgpz&gggftgﬁmtéi¥ialumina
was 0.076 g of sodium hydroxide (Wako Pure Chemical
Industries, Ltd.), and the reaction was carried out in the
Same manner as in Example 4, except that the above—pfoduced
co-catalyst was used. The butene conversion obtained by

analyzing the gas at the outlet taken 1 hour after the

reaction initiation was 75%. The propylene selectivity at

this time based on butene was 98%, and a small amount of

pentene was generated in addition. Further, propane was

generated together with propylene, and the ratio of

- propane/propylene was 0.0033,

[Example 18]

A co-catalyst was produced in the same manner as in
Egample 11, except that the compound supported on y-alumina
was 0.038 g of sodium hydroxide (Wako Pure Chemical
Industries, Ltd.), and the reaction was carried out in the
Same manner as in Example 3, except that the above-produced
co~catalyst was used. The butene conversion obtained by
analyzing the gas at the outlet taken 3 hours after the

regction initiation was 76%. The propylene selectivity at
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was 0.00081. The reaction was further carried out for
anot her 12 hours, but no decrease in the conversion
was observed. [Exanple 20] 15 A co-catal yst was
produced in the sane manner as in Exanple 18, except
that the reaction tenperature was set at 175C, and
the reaction was carried out in the sane nmanner as in
S&S&%ﬁ& e 4, except that the above-produced co-catal yst
was used. The butene conversidn obtai ned by anal yzi ng
1ﬂ$he@ 20 %fs at the outlet taken 3 hours after the
iSadtimen basied ati auteas 4¥% ghke Pyl el i
at this tine based on butene masB%§A% %&%lﬁ aﬁ%Pb% b¥
Peafsust web pemeantetisin geaetabed i puadeiti O roEHBEh%s
prop;ng gazégenerat:i togethersglth8progy and
genrgaitad cogktheapaniehppepyleree
0.00023. The reaction agéﬁyurtheraﬁgr%Pgdrgggng?
PIaRethRepropyhenes wasun. no1decrgases v
was dobserved [ Exanmple 21] 5 A cobggégﬁygggmgﬁ§£g
cagrdtidcedti AorhensakermMapNghy l exgce
that the reaction tenperaturggmaguggﬁagaésiégﬁﬁ §8 Pﬁe
copﬁgrsggntwaa vhsegaedi ed out in the same nmanner as in
Exanpl e 4, except that the above-produced co-catal yst
[Takseuskd. The butene conversion obtai ned by anal yzing
the 10 gas at the outlet taken 1 hour after the

reéhknqddnﬁtéyﬁﬂﬁﬁh1Qwﬁééﬂ%@oﬁnﬂéﬂﬁéﬁﬂe&ﬂﬁ%ing WQ-10 and

selectivity at this time based dn
various alumina- —~supported co-catalysts

Ex. Compound Weight used Butene Propylene Propane/
suppor?ed on for Conversion Selectivity | Propylene
alumina supporting (*) :
11 Calcium 0.4 g 74% 97% 0.0018
hydroxide
12 Calcium 0.2 g 77% 97% .0025
hydroxide
13 Calcium 0.1 g 75% 96% 0.0022
hydroxide -
14 Magnesium 0.55 g~ 16% B7% G.0036
nitrate
15 Zine nitrate 0.35 g 66% 94% 0.0016
16 | Zinc nitrate C.35 g and 76% 85% 0.0021
and sodium 0.038 g, '
hydroxide respectively
17 Sodium 0.076 g 75% 98% 0.0033
hydroxide
18 Sodium 0.038 g 76% 97% 0.0010
hydroxide

(*) Amount used based on 3 g of alumina

[Example 19]
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but ene was 92% and a small anount of pentene was
generated in addition. Further, propane was generated
together with propylene, and the ratio of
propane/ propyl ene was 0.0029. 15 [Exanple 22] A
co-catal yst was produced in the sane manner as in
Exanpl e 11, except that the conpound supported on
SFrl@8ini na was 0.019 g of sodi um hydroxi de (Wako Pure
Chem cal Industries, Ltd.),3&nd the reaction was
carried out in the 20 sanme manner as in Exanple 4,
excaptot-batat et ahgye d ;i Cepea s _Was_used,
The but ene co?versionpg%?ggﬁgdlgy%h%ngsbéi%8nPﬁ5 g3sth
Examptllee 18yt legdcdprk em s r..t reactian
initiation maékgégb ?hgﬁgigﬁﬁ%gﬁénggﬁg1Fﬁ@%ﬁfeayastﬁ?§ at

200°0p hasedhen RUEeRS e 98% |l .anount of
SF-1381 37 pentene was geneﬁg?é ?ﬁ&a 3iF% n°eme manner

asFunt Beampleoganexwasr $8Re! a4 ed ther wit )
propyl ene, and the ?atio ofaj%15%§%§7ErSSngﬁecRagatalyst

wab. 0864. Thaer 8ackhenWashurther ri.ed out _for .
anot her 12 hours, but no . gé&@aggtgﬁgﬁﬁeQYSa88&¥5?§905he

gapaatohher vadlekExarphes2 cQ- alyst was, produced
in the sane manner as ?nﬁhﬁégn%Fgg%gFxéxESBthﬁﬁt
inihsseddnobay- aByM Ny 2] ' roxide whi ch_was .
obt ai ned b; addi ng zi?c%%?ERF%| rg%gegglibtﬁqﬂgoﬁgls time
basedoohapuvasli Pest Hgs r egyit Lng, Zi rconi um hydroxide in
the gel state Wi th mafe??ha%dg?é%% %??P ¥g_8?ng%6 was
gemesatesedn aadithon! eaphteRPASFALLAE%OY! gLt HEec

sanme manner as
together with propylene, and the ratio of propane/propylene
was 0.00081. The reaction was further carried out for
another 12 hours, but no decrease in the conversion was
observed,
[Example 20]

A co~catalyst was produced in the same manner as in

Example 18, except that the reaction temperature was set at
175°C, and the reaction was carried out in the Same manner

as in Example 4, except that the above-produced co-catalyst

was used. The butene conversion cobtained by analyzing the

-gas at the outlet taken 3 hours after the reaction

lnitiation was 74%. The propylene selectivity at this time
based on butene was 97%, and a small amount of pentene was
generated in addition. Further, propane was generated

together with propylene, and the ratio of propane/propylene
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i n Exanple 4, except that the obtained
zi rconi a-supported Na20 was used as the co-catalyst.
The butene conversion 15 obtai ned by anal yzi ng t he gas
at the outlet taken 3 hours after the reaction
initiation was 78% The propylene selectivity at this
time based on butene was 98% and a small anount of
sFpentikgane was generated in addition. Further, propane
was gener at ed together\Mtr1£gopylene, and the ratio
20 of propane/ propyl ene was 0? 0045. The reacti on was

Upt carrled out for another 12 hours, but no
wa%e?r' 22283i' n ?h% TEBHYAPY HASWAYTSBSEr vadripExanpl Eo24]

SERL381,38 A co-catal yst was produced in the sane
annaﬁ%gr%%sﬁPHrsExgﬁgl8°2§?Céﬁé§ﬁtlﬁhﬁhethenveasibnnwas

obkgppgpature was set at 175C " and the reaction was
~carried out in the same manner as in Exanple 4,
EEXK t the above-produced co-catalyst 5 was used.
[ Tﬁesgétégg conversion obtai ned by anal yzing the gas

at A he, outl et ttaken 1 hour after the reaction

ini'tiation 3% PRIy Rrds et imrmemtad hirs
Exdil based on butene was 94% and a small anmount of
xﬁ@%ﬁ%ngémé%xﬁ%%%r%ﬁ%ﬁ the RRIFtion. tEweheryronemnest at

1 rated together with 10 propyl ene, and the
'5{?\2(?1 gﬁgcf %}%pra YUbyIheCwasied 005, in [tablsard manner
Pr ene synthesis reaction perfornmed using WQ 10 and
as clor?gé,a aéﬁlp?S sdq’co‘?ﬁﬁ?%ﬁ f N Zths uppore e ohicmt iavcatalyst

orts . Reaction Type of Weight of Butene
“““%ﬁ%%i bnéﬁ%ﬁ € conversion obtained by analyzing the

gas at the outlet taken 1 houf after the reaction initiation
was 30%. The propylene selectivity at this time.based on
butene was 92%, and a small amount of pentene was generated
in addition. Further, propane was generated together with
propylene, and the ratio of propane/propylene was 0.0029.
[Example 22]

A co-catalyst was produced in the same manner as in

Example 11, except that the compound supported on y-alumina

was 0.019 g of sodium hydroxide (Wako Pure Chemical

- Industries, Ltd.), and the reaction was carried out in the

Same manner as in Example 4, except that the above-produced
§o—catalyst was used. The butene conversion obtained by
analyzing the gas at the outlet taken 3 hours after the
reaction initiation was 78%. The propylene selectivity at

this time based on butene was 98%, and a small amount of
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Tenp. Support NaOH used for Conversion Selectivity
Propyl ene support(*) 19 200C Alum na 0.038 g 78% 98%
0.00081 20 175C Alumina 0.038 g 74% 97% 0. 00053 21
150C Al um na 0.038 g 30% 92% 0. 0029 22 200 Al um na
0.019 g 78% 98% 0. 0067 23 200C Zirconia 0.038 g 78%
98% 0. 0045 24 175C Zirconia 0.038 g 58% 94% 0. 0015
srFE1pgAnount used based on 3 g of the support 15
[ Exanpl e 25] A co-catal yst 2@; produced in the sane
manner as in Exanple 11, except that the conpound
r - 1 na s.Q.064 of potassi um
P rtra “S?VQEHXﬁ%%éﬁkﬁsnﬁﬁaﬂtlpndus HFERETL Brgpanndas

nitrate

d the SF-1381 39
geﬁ%ﬁﬁééagébﬁgtﬁg PERaE2aR¥LsPey natc: hee abatio prauced

= used but ene conversi on obt ai ned
-prsﬁaﬁ@y§%§§? waaag dP87ra’ She: Eeariken Banutnsthor

ca?figg a in tion was 76% The propyl ene

el ect%@?tgggtg Eﬂ?§ #%n&oﬂé§edb6ﬁ POt SPer o@se 98Yythe

coﬁ@g a unt of pentene was generated in
t|on ur %?Opane was generated together

[Eggég%gr | ene, and the ratio of propane/propyl ene
The reaction was further carried out for

angt hs _C%%.q ur.s, but no decrease |n the 10
conversion was oBES PePIYasth hgg|same manner as in

Example 19, except that instead of Y-alumina, zirconium
hydroxide which was obtained by adding zirconium nitrate to

aqueous ammonia, washing the resulting zirconium hydroxide

.in the gel state with water, and then drying it at 100°C was

used, and the reaction was carried out in the same manner as
in Example 4, except that the obtained zirconia-supported
Nezo was used as the co-catalyst. The butene conversion
obtained by analyzing the gas at the outlet taken 3 hours
after the reaction initiation was 78%. The propylene
selectivity at this time based on butene was 98%, and a
small amount of pentene was generated in addition. Further,

propane was generated together with propylene, and the ratio

of propane/propylene was 0.0045. The reaction was further

carried out for another 12 hours, but no decrease in the
conversion was observed.

[Example 241




A co-catal yst was produced in the same manner as in
Exanpl e 25, except that the anmount of the conpound
supported on y-alum na was 0.128 g, and the reaction
was carried out 15 in the sane manner as in Exanple 3,
except that the above- produced co-catal yst was used.
The butene conversion obtained by anal yzing the gas

SFat13tghe outl et taken 3 hours after the reaction

initiation was 77% The proey ene selectivity at this
time based on butene was 96%  and a 20 smal | anpunt of

pengepg_ rated in_ addition. Further, propane
was gene?%?g §?ggg%ﬁeprﬁFPﬁeﬁr6ByFEﬁe?a§ﬁdm@h@e¥a§$oln

Ex@hppopane/ ne 0. 00057. The reaction was
xfu?the?%'cgg%%%ﬁ!%&Ftrgieaﬁ8ﬁﬁ59092tﬁ@@@§ﬁtﬂﬁﬁ Hes set at
17deere Rt Qnver si on_was observed. SF-1381 40

aﬁg f?']e %%c?c?%clgpaf”%t CRES L6FoQUEed N fhehsamampanner

[ Exanmp

mapne i,n 4, Exanpl ..except that the conpound
2 Fofple 4 e%%%?ﬁa%%ﬁﬁstb?o@?oﬁeﬁPr@é§Faﬁ1ﬁ@tcatelyst

supported on y-a

5 Pur i.cal Industries, 5 Ltd.), and the
U e ion SRS BN COUYSH AL PReoB AL RENREr anakyting the

reacti on was carr

' 4 p hat .t he above-produced co-cat al yst
gafXBEmLE .O?Egggu%8%8“c6n5%9§i6Ft65tahﬁeaeayté@@|yqimgation
hegs o gas outl et taken, 3 hours after the
wa%eﬁ%f?onTﬁﬁi%P§Pygﬁnﬁa§e 8oL 1ThEY prbpyhénect bt deasad ton
bu@dnd NiSstbpe 10 based gﬂ but ene was 98% and a snal

anount - of ~ peht BH8 e fen¥RAERE ¢h ReMEeroWaF getmIgted

: s generated together with propyl ene, and
in HAPPOE A gurg%%ﬁelgﬁ & jeas genegatgg together with

the ratio of  pr

10 propylene, and the ratio of propane/propylene was 0.0015.

[Table 4]

Propylene synthesis reaction performed using WO-10 and

co-catalysts comprising Na,0 supported on various supports

Ex. | Reaction Type of Weight of Butene Propylene Propane/
Temp. Support NaOH used for | Conversion Selectivity | Propylene
support (*) )
19 | 200°C Alumina 0.038 g 78% 98% 0.00081
20 175°C Alumina 0.038 g 74% 97% 0.00053
21 150°C Alumina 0.038 g 30% 92% O..OO29
22 | 200°C Alumina 0.019 g 78% 98s 0.0067
23 200°c Zirconia 0.038 g 78% 98% 0.0045
24 175°C Zirconia 0.038 ¢ 58% 94% 0:0015

(*) Amount used based on 3 g of the support

15 [Example 25]

A co-catalyst was produced in the same manner as in

Example 11, except that the compound supported on y-alumina

was 0.064 g of potassium nitrate (Wako Pure Chemical

Industries, Ltd.), and the reaction was carried out in the
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was 0.00095. The reaction was further carried out for
anot her 12 hours, but no decrease in the conversion
was 15 observed. [Exanple 28] A co-catal yst was
produced in the sane manner as in Exanple 27, except

that the amount of the conpound supported on
y-alum na was 0.082 g, and the reaction was carried
SFedt3820 in the same manner as in Exanple 4, except that
the above- produced co-catalyst was used. The butene
conversion obtained by analyzing the gas at the

s orehe arosyraRa 51 skPPptPRat "Fhre=bpie-Basarced
e S T S
an¥agz a ’ |
et et 058 e el
decrease in the b goﬁvZ?§Fon&mﬁspﬁB§¥$9Ea.Se#i&figlgﬁdat

thPEOPYhEN8a s¥At BESLS+LS C%53n939rf0§§fg %ﬁ% | amount of

vari ous al um na- supported co- ¢af af

s Vil a di ¥ ! ¥ /
pefOaROURSL V%éﬂ@i tS§ 5ﬂ%§§£¥%§$$¥.f@g%?%ggﬁgﬁ%Pa%ﬁ was

supported for Conversion
geddHaioa SUPRARLINALLA BPoFPlass! UMY 892 9,702 98%
Propane/propylene was 0.0020. The reaction was further
carried out for another 12 hours, but no decrease in the
conversion was observed.
[Example 26]

A co-catalyst was produced in the same manner as in
Example 25, except that the amount of the compound supported
on y-alumina was 0.128_g, and the reaction was carried out
in the same manner as in Example 3, except that the above-
prodﬁced co-catalyst was used. The butene conversion
obtained by analyzing the gas at the outlet taken 3 hours
after the reaction initiation was 77%. The propylene
selectivity at this time based on butene was 96%, and a
small amount of pentene was generated in addition. Further,
propane was generated together wifh propylene, and the ratio
of propane/propylene was 0.00057. The reaction was further
carried out for another 12 hours, but no decrease in the

conversion was observed.
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26 Potassium 0.128 g 77% 96% 0. 00057 nitrate 27
Cesium 0.041 g 76% 98% 0. 00095 nitrate 28 Cesi um
0.082 g 75%97% 0.0013 | nitrate (*) Anmount used
based on 3 g of alumna 10 [Exanple 29] The reaction
was carried out in the same manner as in Exanple 4,
except that the reaction raw materi al used was
srchaggged from trans-2-butene to 1-butene (Takachi ho
Chem cal Industrial Co., Ltd,, purity 99.5%. The
but ene conversion 15 obtai net by anal yzi ng the gas at
[E&gﬁ_qgtbgi taken 3 hours after the reaction
initiation was 76% The propylene selectivity at this
ting Q@§g§k gutene masd98@b and a snall anount of
pent ene ma§£g%n%r%?%dpFﬂ 486t 1BntheEusamermagren 389 42
enerated together with propylene, and the

'Ex?@%ﬁ%n§%¥ag¥gﬁﬁﬁeFB?Ep§h§n§0W@§u0dO@nmp0Thedreact+JKUmina

wakay bunther . carried qut for another 12 hours, but no
decrease”i n t &S 1EENTE ¢ wiS kb FarmreEhenicribl ndistries,

L DR GE R o Bt aF LPP c"RICAEFAGIVANT ol bl anese manner
o EXATBLERRA o 4oSdec Lo BuLene Propylene Fopanel |
was used. The butene conversion obtained by analyzing the
gas at the outlet taken 3 hours after the reaction
initiation was 76%. The propylene selectivity at this time

based on butene was 98%, and a small amount of pentene was

generated in addition. Further, propane was generated

. together with propylene, and the ratio of propane/propylene

was 0.00095. The reaction was further carried out for
another 12 hours, but no decrease in the conversion was
observed.

[Example 28]

A co-catalyst was produced in the same manner as. in
Example 27, except that the amount of the compound supported
on y-alumina was 0.082 g, and the reaction was.carried out
in the same manner as in Example 4, except that the above-
produced co-catalyst was used. The butene conversion
obtained by analyzing the gas at the outlet taken 3 hours
after the reaction initiation was 75%. The propylene

selectivity at this time based on butene was 87%, and a
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4 Trans-2-butene 75% 98% 0. 0032 29 1-Butene 76% 98%

0.0041 [Exanple 30] 10 The reaction was carried out

in the sane manner as in Exanple 3. The butene

conversion obtai ned by analyzing the gas at the

outlet taken 3 hours after the reaction. initiation

was 75% The propyl ene selectivity at this tine based
SFoR3Bdt ene was 98% and a small anopunt of pentene was

15 generated in addition. Fuy4her, propane was

generated together with propyl ene, and the ratio of
smpibpamelpt op¥! ARGt WAS 950 r.3 hqurs. after

reaction initiation, the %ggFgéé%SsﬁBp?gg%glPﬂe Further,
propantowaMagefHsRERACH o AR LNE L €QCti on was contjnued

as such. The butene cgﬁverg%oﬁlﬁé %B?QYEQHebyang the ratio
of apabyansgptbgydaseal;ahg et ken 1 hour after

t he suspensig% of the hyd?g%éh gggesﬁ%%? 10BcYRaselrtler
cafFidd8dud3rod8YhoEHELNER, buf ene_conversion

obt ai ned by anal yzi ng th%gggg'a u?h%oo%??ﬁ?aF%ké% the

commoelr Si6h tedst essHspgnsi on of the hydrogen gas supply

remai ned to be 48% The hydrogen gas supply to the
[Talebet®y was resuned, and the reaction was 5 conti nued
The butene conversi on obtained by analyzing the gas
- at PrivpyQeleets rakfis 3 hurs after the resunption of
the hydrogen y:;as su%pl y |csrrcﬁ'?oc§1v§§r S e U%%&Q'ltoh@nd
vahidiene T GoInVLer si 1 ai ned nal yzing the gas at
P 3 ?%Eyaa}ﬂﬁawtgr esunption of the

t+he-qutlet taken 8 hours a
E ;
xFP e qgePrrpasnd upphigiyas usdd 4%utene Propylene | Propane/
supported for Conversion | Selectivity Propylene
on alumina supporting(*)
25 Potassium 0.064 g 76% 98% 0.0020
nitrate
26 Potassium ~0.128 g 7% 96%‘ 0.00057
nitrate
27 Cesium 0.041 g 76% 98% 0.00095
nitrate
28 Cesium 0.082 g 75% 97% 0.0013
nitrate

(*) Amount used based on 3 g of alumina
[Example 29}

The reaction was carried out in the same manner as in
Example 4, except that the reaction raw material used was
changed from trans-2-butene to l-butene (Takachiho Chemical
Industrial Co., Ltd., purity 99.5%). The butene conversion
obtained by analyzing the gas at the outlet taken 3 hours
after the reaction initiation was 76%. The propylene
selectivity at this time based on butene was 98%, and a

small amount of pentene was generated in addition. Further,
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[Table 71 Switching test with addition of hydrogen at

250C (Exanple 30) Exanple Sanpling Tine Butene

Conversion 3 3 hours after reaction initiation 75% 30

3 hours after reaction initiation 75% 4 hours after

reaction initiation 48% (1 hour after suspension of

hydr ogen gas supply) 8 hours after reaction initiation
SFEA8@BY 5 hours after suspension of hydrogen gas supply)

11 hours after reaction initjation 72% (3 hours after

hydr ogen gas resupply) 16 hours after reaction _
priopiahieatiis@ geA¥r at o Qg 1afcher, dragen gas resupply) . .

[ Exanpl e 31] 15 O. 49 ggo%f a?mwé“’rﬁ%mp%e%?’a‘(%%ﬂ%dﬁf‘g ?h¥) ratio
of( Prgpandl /fricgly 1 cqer RRlkatehgaas dissolved. i.n 100 m. of

distilled water, and 5 g o:‘!ﬁs'i | (2% GERCEIPE ¥@5i Fupiaer
catrrdedFojuit oy Sind+E&Remeahy, Sk 1331 44 Ltd. _(surfa

area 200 nR/g, pore voluneof§ﬁflgé&hﬁg f@SrF8g6566 €

conaerstisperded oblergka W th stirring at room
tenperature for 30 m nutes. Subsequently, water was

[Tebaposgated off in an evaporator. The resulting white
solid
Propylene synthesis reaction performed at 200°C using

WO-10 and hydrotalcite and using various butanes

Example | Butene used as raw Butene Propylene Propane/
material Conversion Selectivity Propylene

4 Trans-2-butene 75% 98% 0.0032

29 1l-Butene 76% 98% 0.0041

[Example 30]
The reaction was carried out in the same manner as in
Example 3. The butene conversion obtained by analyzing the

gas at the outlet taken 3 hours after the reaction

‘initiation was 75%. The propylene selectivity at this time

based on butene was 98%, and a small amount of pentene was
generated in addition. Further, propane was generated -
together with propylene, and the ratio of propane/propylene
was 0.0063. After 3 hours after reaction initiation, the
hydrogen supply to the reactor was suspended, and the
reaction was continued as such. The butene conversion
obtained by analyzing the gas at the éutlet taken 1 hour

after the suspension of the hydrogen gas supply decreased to
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5 was cal ci ned under an air atnosphere at 550C for 6
hours. The obtained catal yst was referred to as
MoQ 15. 2 g of WQ- 10 and 3.5 g of hydrotalcite (Kyowa
Chem cal Industry Co., Ltd., Kyowaad 500, 500 n) were
physically m xed and packed in a reactor manufactured
by SUS, having an external 10 dianeter of 12 nmand a
SHd@fth of 40 cm with the top and bottom of the
reactor packed with a-alumngyballs. The resulting
reactor was used as a butene purifying tower. Next,

physioally macs i onciecs el BHireRelr bY psadvaing
0T and s Terark SPS0 oty SRER bpeardsBenPART of
et dact orPeRds ra B SR AR e Bugrpann
T ernent Chat Ct heFeREo P AL PR b eFneaPAat o RASL: gt was

contin088. ThBebuhe88C i obt ai ned by anal yzi ng
the gas at the ou?ﬁ%teggsézsggﬁoﬁkgﬁFP%? %ﬁeaP% ¥eipg the

gasnati ahe0BuWaSt 4/ L adh l ene selectivity at this
time based on bute%% ﬁaggggébagﬁaraLgﬁaf?S%mﬁEh@no@f the

hypeoagenegyas 84 nerated in_addition,
Further? pr%%gagéwggég%%ggaﬁgdesfOQeFﬂﬁgh%ﬁtthe butene

i ' ; / I
D Or. | B 331 BB AR “sed R i ko ntaken

8 Hdersafer SRS Bsdbtion of the hydrogen gas supply was
74%.

[Table 7]

Switching test with addition of hydrogen at 250°C

(Example 30)

| Example Sampling Time : Butene
3 3 hours after reaction initiati T
initiation . 75%
30 _ 3 hours after reaction initiation 75%
4 hours after reaction initiation . 48B%
(1 hour after suspension of hydrogen gas supply)
8 hours after reaction initiation 48%
(5 hours after suspension of hydrogen gas supply)
11 hours after reaction initiation 12%
(3 hours after hydrogen gas resupply}
16 hours after reaction initiation T4%
(8 hours after hydrogen gas resupply)

[Example 31]

0.49 g of ammonium metamolybdate (Sigma-Aldrich

Corporate) was dissolved in 100 ml of distilled water, and 5

g of silica gel Q-15 available from Fuji Silysia Chemical,




10 .

15

20

Exahple 31, except that the tenperature of the reactor

was set at 350C. The butene conversion obtai ned by

analyzing the gas at the outlet taken 1 hour after

the reaction initiation was 53% The propyl ene

selectivity at this time 10 based on butene was 90%

and a small anpbunt of pentene was generated in
SErddidtli on. Furt her, propane was generated together

wi th propylene, and the ratig, of propane/propyl ene

was 0.0014. [Table 8] 15 Propyl ene synthesis reaction
Ltger f(eured ces arasM2@pl 32anpd rotalcit npl e

Reacti on Butene Propyleag'PP%%gng?fu%%ngégﬁ?%Teand 150 to
5000ner $haNseebefhkY Propyl ene 31 3Q0C 47% 89%

0.015 32 350% 5g%pg3é§6?631¥ltFE§5ﬁﬁFén93?tFépom
temparplkard, F8-639 ff 0 a 2.4 hydrotalcite

were physically nixggggﬁd pggkggqggngag'cgﬁFgF BfSa
evapacheed d8rmMapukacty US, ..havin n.external )

di ameter of 18 nn1and5§gfg¥8?h ognﬁoﬁe C¥he vBptangolia
wabothai aédt he4L8aghoL 1 SF- 6. wa ked _with

a-al um na bal I's, andé% iééﬁgépﬁgﬁa 3§ Fﬁ@ Cr £t Brhours.
Thé06bthinka O5tHi{EL9E0Y [ent_pressure was

flowed in from the to%soféF%‘Iérgggt?o?? %ﬁé'fﬂe gasd of WQ-
loexndli Bg5 & romM hHer-bo f the reactor s_fl oned

P OO PINE kBt iRl el TR vahy oo -

into the butene 5 purifyrng
Ltdhe kPPwvadde00, 500 Hm) were physically mixed and packed
in a reactor manufactured by SUS, having an external
diameter of 12 mm and a length of 40 cm, with the top and
bottom of the reactor packed with a-alumina balls. The

resulting reactor was used as a butene purifying tower.

Next, 0.1 g of MoQ-15 and 0.3 g of hydrotalcite were

physically mixed and packed at the'center of a reactor

manufactured by SUS, having an external diameter of 10 mm

“and a length of 30 cm, with the top and bottom of the

reactor packed with a-alumina balls. The resulting reactor

was used as a reactor.

The reaction was carried out in the same manner as in

.Example'B, except that the temperature of the reactor was

set at 300°C. The butene conversion obtained by analyzing
the gas at the outlet taken 1 hour after the reaction
initlation was 47%. The propylene selectivity at this time

based on butene was 89%, and a small amount of pentene was
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tenperatures of the reactor and the butene purifying

tower were all elevated to 500C and maintained for 1

hour. Subsequently, 100 m /m n of hydrogen gas at

anbi ent pressure was flowed at the sane tenperature

for 120 mnutes. Wile 10 flowng 50 m/mn of

nitrogen gas at anbient pressure and 50 m/mn of
Shydi®en gas at anbi ent pressure, the butene

purifying tower was cooled t9.50C, and the reactor was

cooled to 200C. Liquid trans-%-butene (purity 99%

gebakectd d) o1 ohedid L& o 15 trial_Co., Ltd.) distilled
over y-al unina (Sd%?ton% e CATORYE WaY. 9engaan esh)
tdeeftorer user a4 §W§ﬁ£i 0, t.he butene purifying tower
fromthe bott om%t a r’a?gendoftq’ff ﬁ)auugc/’ rﬁ‘ﬁ,pwarﬁj?/@ropylene
wad Wngers punp. The purified liquid trans-2- butene
obtained fromthe top was conbined with ethyl ene that

[EX@nipa lxzgn pressurized to 3.5 MPa and was fed at a
rate of 64.5 m/mn and hydrogen that had been

pr esBHEr k28t 8,3 nd was fed at a rate of 7.0
m/mn, and t%g ﬁ??tgggraﬁg OPgd}naF88r565§sWﬁ§ner as in
Exbhboegliia Rk ti I r . heated to 200C, to the

Eetor 7 gé%?% g %%%hée6§?r6ﬁ3§@.théhSFrf@8I0£7was

reactor fromthe top int
of the reactor

) ; the bott
sefagtmxpuge OQBQ'Q%QeBEnggggﬁﬁgoBSO gggpﬁ& pﬁr@g@hyaing

was brought to anbient

thbagks BEespur e s, anal yzed on-line by gas
chroﬁatographsg%ggﬁegg%%nrﬁeh88ﬁpé§¢@?bﬁh@a¥éﬁcigon
t he butene

inhewssidnafhgr sghe r tign initiation, the ‘
conver si on chcuIa?Q B§08¥388Fiﬁ@l?ﬁélﬁéFﬁlaénbhhﬁ time
ba@édtbﬁnﬁugé9€t§3§’90%, and a small amount of pentene was

generated in addition. Further, propane was generated

together with propylene, and the ratio of propane/propylene

was 0.0014.

[Table 8]

Propylene synthesis reaction performed using MoQ-15 and

hydrotalcite
Example Reaction .Butene Propylene Propane/
Temperature Conversion Selectivity Propylene
31 300°C 47% 89% 0.015
32 350°cC 53% 90% 0.0014

[Example 33]

For Example 1, 0.6 g of WQ-10 and 2.4 g bfﬁhydrotalcite
were physically mixed and packed at the center of a reactor
manufactured by 3US, having an external diameter of 18 mm

and a length of 400 mm. The top and bottom of the reactor
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ci s-2-butene and 1-butene in the gas at the outlet,
fromthe anpunt of supplied trans-2-butene was 71%
The propyl ene selectivity at this tinme based on
but ene was 90% and small 10 anbunts of pentene and
hexene were generated in addition. Further, propane
was generated together with propylene, and the ratio
srafi griopane/ propyl ene was 0.01. The reaction was
further carried out for another 12 hours, but no
decrease in the conversion S observed. 15 [ Exanple

wa%ﬁkaéﬁe {eactlon was carried out in the same manner as

et Q- @dimyina; el ishe arshpdriat wee ofctihas the
or et .at 175C. The butene conversion
re%%?gi ﬁed\@ é‘ﬁaﬁt% R PERECHER &as I aublientt pkesst@e was
'le%HBSi??E%&;tggkreaCtiOn 20 initiation was 61% The
propylene S8 &5 VioPy Ohashgo%eagier,smad theogesserfiting
n e.and hex were generated in addition.
frEﬁr%ﬁ%ngggﬁﬂbﬁgn%Q§ geREEaFeHatoddowed whth the butene
; ne, and the ratio of propane/propyl ene was
pu8$8§¥h$heO§E;1§§fm4§gerEQ&FP@ntWaihﬁuﬁpher Theri ed out

tehBtr2PREER o -DBokroeor| eRdnbhe D9] cWhooRestyion taser
vef G a1 T eRaYaERe FPqarn ©rang. Papatenvedasor corbousd

Sl MEA ben LORAPL AR LEErMpHES AN sod €0 driai e pThesure
wa U £05 S oDV LRE D! LSS, Y 200N 19, e Jas &t the |
flowing 50 ml/min of nitrogen gas at ambient pressure and 50

mi/min of hydrogen gas at ambient pressure, the butene

purifying tower was cooled to 50°C, and the reactor was

. cooled to 200°C..

Liquid trans-2—butene (purity 99%, Takachiho Chemical
Industrial Co., Ltd.) distilled over Y-alumina (Sumitomo
Chemical Co., Ltd., NKHD-32) before use was flowed into the
butene purifying tower from the bottom at a rate of 0.10
g/min, using a bPlunger pump. The purified liquid trans-2-
butene obtained from the top was combined with ethylene that
had been pressurized to 3.5 MPa and was fed at a rate of
64.5 ml/min and hydrogen that had been pressurized to 3.5
MPa and was fed at a rate of 7.0 ml/min, and the mixture was
fed, after passing through a preheating layer heated to

200°C, to the reactor from the top in the gas phase. The
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outl et taken 10 hours after the reaction initiation
was 71% 10 The propyl ene selectivity was 91% and
smal | amobunts of pentene and hexene were generated in
addition. Further, propane was generated together
wi th propylene, and the ratio of propane/propyl ene
was 0.0026. The reaction was further carried out for
sa@der 12 hours, but no decrease in the 15 conversion
was observed. [Exanple 36] Ipe reacti on was carried

out in the sane rranner as i n”'Exanple 33, except that
conbi ned with ethyl ene

dde, t ene was
% hatlghﬂﬁg%e&e%taarpkr ST d o REB-MPL Do inck dratragera s
bridRththad, *%1 Hressurized to 0.5 MPa. The butene
conver sion A EF B IRy iRRF 139 ddwraatgh fee back
%deours after the reaction initiation
vvas 72% e PiPop\i%e fdadedizad iantiinmdwz®ms and snal |

chPRILR ene and h xene were generated in
addi ti pll—jﬂ’p ga §Ii 94930“}5}Q?§§ﬁ@nm@nelr0aﬁ'@ahrs
of

af%%gekﬁ%rfgaEQ %rop%ég a%g EQE%E;iééaﬂ(9@HM§§Sh@mther

propane/propy enhe

0 r,.,.apot her 12 hours, but no decrease in
ca@%h& g%ﬁvé& guﬁg§ngb§gﬁv§&ta§ Frabing off Prepgh-erbutene,

y t. erfornmed under pressure using
,Cl§ E Bﬁﬁbg S§§ #aEBEFQQEkﬁnﬁpé RaaceitofhRegutilet, from the

WQ- 10 an
am%hggggrgﬁgée}ggt Fr 8 gnf%/r ggggg’ggﬁgtsugipr e%i:r Sropylene
selectivity at this time based on butene was 90%, and small
amounts of bentene and hexene were generated in addition.
Further, propane was generated together with propylene, and
the ratio of propane/propylene was 0.01. The reaction was
further carried out for another 12 hours, but no decrease in
the conversion was observed.

[Example 34]

The reaction was carried out in the same manner as in

Example 33, except that the temperature of the reactor was

- set at 175°C. The butene'convérsion obtained by analyzing

the gas at the outlet taken 10 hours after the reaction
ilnitiation was 61%. The bPropylene selectivity was 92%, and
small amounts of pentene and hexene were generated in

addltion. Further, propane was generated together with

propylene, and the ratio of pro?ane/propylene was 0.01. The
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(Gauge Pressure) 33 200C 3.5 MPa 71% 90% 0. 010 34
175C 3.5 MPa 61% 92% 0. 010 35 200C 1.0 MPa 71% 91%
0.0026 36 200C 0.5 MPa 72% 92% 0. 0012 [ Exanple 37]
15 g of y-alumna (Sum tonmo Chem cal Co., Ltd.,
NKHD- 32, 10 surface area 250.nR/g) was suspended in a
solution dissolving 0.08 g of sodi um hydroxi de (Wako
srRurg1Chem cal Industries, Ltd.) in 500 m of
distilled water at room teqﬁfrature with stirring for

30 m nutes, and water was evaporated off in an
re8¥%8pP8haL QL . resul.ting white solid 15 was cal ci ned
under anggiFEg?ﬁggpﬁ3F§l f BBECEPEr aBoKBEES12 HFRBrs, but
nol 886198 rried out .in the same manner as in
Exanp?e %gﬁﬁeﬁggpFopﬁgfsipﬁ Yasf obPrerssdai ned solid
[E¥BSpYseds,instead of hydrotalcite, and the reaction
tenperatu%e was set at 175C. The butene conversion

obtgin al yzing SF-1381 50 the gas at the
outl et ext%é{%cnl B Wi enried Qe ibdcis GAme mannax o in

T lectivyit 94% and I
B A e RS Ef b it Lt abaeny vor

anmount's 'of pe
oo L L o8 PR SyPSh s ropyFeccact o oo
B RSS TStH 2ot e R P RRT SRS rie rb. GO Siltre
buﬂgﬁé(ggﬁvéggkon obtained by analyzing the gas at the
outlet taken 10 hours after the reaction initiation was 71%.
The propylene selectivity was 91%, and small amounts of
pentene and hexene were generated in addition. Further,

propane was generated together with propylene, and the ratio

of propane/propylene was 0.0026. The reaction was further

carried out for another 12 hours, but no decrease in the

conversion was observed.

- [Example 36]

The reaction was carried out in the same manner as in
Example 33, except that the liquid trans-2-butene was
combined with ethylene that had been pressurized to 0.5 MPa

and hydrogen that had been pressurized to 0.5 MPa. The

butene conversion obtained by analyzing the gas at the

outlet taken 10 hours after the reaction initiation was 72%.
The propylene selectivity was 92%, and smaill amounts of

pentene and hexene were generated in addition. Further,
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[ Tabl e 10] Propyl ene synthesis reaction perforned

under 10 application of pressure using WQ 10 and

al um na-supported Na20 Exanpl e Reacti on Reacti on

But ene Propyl ene Propane/ Tenperature Pressure

Conversion Selectivity Propylene (Gauge Pressure) 37

175C 3.5 MPa 69% 94% 0. 0066 [Exanple 38] 0.1 g of
SP@3BQ and 0.5 g of hydrotalcite described in Exanple

1 were physically m xed and P cked in the center of

15 a reactor manufactured by "SUS, having an external

.. prépapgt of and a length of 30 cm. with the top
P andﬁ%o??gnggﬁgrgﬁgxpg&@?&SQSaHREH REORYaS8PunrRg the ratio

ofball | ting reactor was used as a reactor.

C%rtﬁgng?ﬁéﬁiﬁgﬁ%e %35 @f%biéklOTgﬁdr§?5t§OBfWas further

cahkydegt i (Kyowa Chenmical |ndustry Co., 20 Ltd.
Kyomaaghgog?r58§0£%eﬁeﬁg]gﬁ9§?capP§ RPx 8gcifdspatkethe
hRedsk8Aact.qr nuf actured by SUS, having an external

COSF?1§8§BS%gsdggrsr§tré’Fdof 12 nm and al ength of 40 cm

[T¥bi8 the top and bottom of the reactor packed with
a-alunmina balls. The resulting reactor was used as a
but i fying tower. 50 m/mn of nitrogen gas at
anbi eﬁt%%és%’(]gﬂi}\%%”r | ' 1R P Edrene@amadnr farsmsure
ih JORPN: | t he .ga xiting fromthe bottom of the

us 0 GT0atfe) BagsTal

react or was oitfe butene purifying

Example Reaction Reaction Butene Propylene Propane/
Temperature Pressure Conversion Selectivity | Propylene
(Gauge
Pressure}

33 200°c 3.5 MPa 71% 90% 0.010

34 175°C 3.5 MPa 61% 92% 0.010

35 200°C 1.0 MPa 71% 91% 0.0026

36 200°¢ 0.5 Mpa 72% 92% 0.0012

[Example 37]

15 g of y-alumina {Sumitomo Chemical Co., Ltd., NKHD-32,

surface area 250 m®/g) was suspended in a solution

_dissolving 0.08 g of sodium hydroxide (Wako Pure Chemical

;ndustries, Ltd.) in 500 ml of distilled water at room
temperature with stirring for 30 minutes, and water was
evaporated off_in an evaporator. The resulting white solid
was calcined under an air atmosphere at 550°C for 6 houré.
The reaction was carried out in the same manner as in
Example 33, except that 2.4 g of the obtained solid was used
instead of hydrotalcite, and the reaction temperature was

set at 175°C. The butene conversion obtained by analyzing




tower fromthe bottomto the top. The tenperatures of
the reactor and the butene purifying tower were all
elevated to 550C and rmaintained for 1 hour.
Subsequently, a gas 10 m xture obtai ned by addi ng 50
m /mn of hydrogen gas at anbient pressure to 50
m/mn of nitrogen gas at anbient pressure was flowed
srati3ghe sane tenperature for 30 minutes. \Wile flow ng
50 mM/mn of nitrogen gas at @nblent pressure, the
but ene purifying tower was cbled to 50C, and the 15
e or, caqol 00C, 1-Butene (purity 99%
th% %%lnlﬁg 6§ﬁFo % 19u@§@¢§néfg$ékﬁbﬁlﬁ@actlon
ndu glal Ltd.) gas _distilled over
m%g?tgn%hal"(’@u fonpT eﬁmreawl@ae SELECEiRKHD wag2) 94%, and
0 ro d into the butene purifying tomer
Smgg&f rgg‘r%H?‘ "ot PSR SPeaﬁ‘ijeﬁteXGP@syﬁF@ aengrased of 8
aqAl 451 goncentratlon of 1, 3-butadiene in the
pUr i |ed E &he PBBParRelafr GRNEKatedptaastbeppwith
bute e_containin no but adi ene was conbi ned
pr%F?EE Fnyﬁgﬁ tfRarahas ggdpéPPaﬁﬁﬁpéﬁPYbﬁégsHaé Bt 0866.
a 12 nml/ d hydrogen that SF-1381 52 was
Th% Lga ﬁ%l%ﬁ?nt?ﬁﬁﬁ%?ecéfr&eﬁaPétofoi anpphar AAdhohes,
bug1§6u g.08s fed to the reactor fromthe top. in the
gas p SERSISTHED gBRE nFRRYiRES dBRavABdORFRRVERe bot t Om
Q% eactor was analyzed on-line by gas
rona graphy Based on the 5 conposition taken 2
after the reaction initiation, the butene

convIersY SH % & XUHRESHF e arddrt |Hfgfﬁqi@1€tcbt‘mdmunt

apfidi@ns; 2-butene, cis-2-butene and 1-butene in the
P% rCqion o pressure using WQ-10 and alumina- —supported

Nazo
Example Reagtion Reaction Butene Prdpyiéne Propane/
Temperature Pressure Conversion | Selectivity Propylene
(Gauge
) Pressure)
37 175°¢C 3.5 MPa 69% 94% 0.0066

[Example 38]

0.1 g of WQ~10 and 0.5 g of hydrotalcite described in
Example 1 were physically mixed and packed in the center of
a reactor manufactured by SUS? having aﬁ external diameter
of 10 mm and a length of 30 cm, with the top and bottom of
the reactor packed with a-alumina balls. The resulting
reactor was used as a reactor. On the other hand, 2 g of
WO~-10 and 3.5 g of hydrotalcite (Kyowa Chemical Industry Co.,

Ltd., Kyowaad 500, 500 pm) were physically mixed and packed

in a reactor manufactured by SUS, having an external
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the outlet, fromthe anount of sUppIied 1- but ene was

17.5% Further, propane was generated together with

propyl ene, and 10 the ratio of propane/propyl ene was

0. 00022. [Exanple 39] The reaction was carried out in

the same manner as in Exanple 38, except that the

reaction tenperature was set at 225C. Based on the
SFedl®Basi ti on taken 3 hours after the 15 reaction

initiation, the butene convefgsion cal cul ated by

deducting the total anount of trans-2-butene,
diemstdrbutrene pandnd- Qut kN the . gas at ,the outlet,

fromthe amount of gu&%ﬁggg f&bﬁpeﬁg’mﬁé£g9§§eTﬁgp and
boREBRYbenense Lyt s , 949 an smal | ampunts of

pent ene an% kgégké&méﬁg gon¥tihe§ 30 upAnadhpLisn. The
rebunthgl, rekepape,,uas erated, together w.th

propylgne, and t he rg??@ 8 Sr88§%E?pPBﬁ§F¥ﬁ89mégwer- 50
ml1PmOA04E. nifheqLgagLLO further carried out_for |

anot her 12 hogrs,SBEu?tﬁ%ﬁgégpéaggeFﬁufﬁewiﬁn%éP§P8nlnt°
th¥ase 9888FVedon| 4Q] ,SF: 1381 53 . The reaction

was carried gﬂtggﬁn?%é'sgﬁg Eﬁﬁng?sagx?ﬁln@x hpreths,
boBXERPEF L PRE FHE-£EACLLQN rature,_was set at 250C

Based on the co%pggi %%nfgggg 3 hgutRe dpkene ngurifying
tow€ACELOR +1b L4 ,+Lh ut ene conversion cal cul at ed

by 5 deducting@%%gﬂt% aﬁhgn%aﬁt o?h?r FeSL ik, of the
re&tSo2- L enge - in the gas at the outlet,

from t he anount o%gegﬁ%%ﬁf%ﬁnq-gﬁwgﬂéwﬁﬁ% Fobsehpeated to
55@TORAENE Letdyi S, . 94% d smal |l anmounts of
- pent ene and exé%% %%?2?9%%%¥ate nbsequentlY' a gas
mixture obtained by adding 50 ml/min of hydrogen gas at

ambient pressure to 50 ml/min of nitrogen gas at ambient

pressure was flowed at the same temperature for 30 minutes.

While flowing 50 ml/min of nitrogen gas at ambient pressure,
the butene purifying tower was cooled to 50°C, and the
reactor was cooled to 200°C.

1-Butene (purity 99%, containing 230 ppm of 1,3-

butadiene, Takachiho Chemical Industrial Co., Ltd.) gas

distilled over Y~alumina (Sumitomo Chemical Co., Ltd., NKHD-
32) before use was flowed into the butene purifying tower

from the bottom at ambient pressure at a rate of 8 ml/min.

The concentration of 1,3-butadiene in the purified l-butene

obtained from the top was 0 ppm. This l-butene containing
no butadiene was combined with ethylene that was fed at

ambient pressure at a rate of 12 ml/min and hydrogen that
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in addition. Further, propane was generated together
with 10 propylene, and the ratio of propane /propyl ene
was 0.00040. The reaction was further carried out for
anot her 12 hours, but no decrease in the conversion
was observed. [Exanple 41] The reaction was carried
out in the sane manner as in 15 Exanple 38, except
SFthati 1t he adsorbent in the butene purifying tower was
changed to y-alum na. The 1@Eytene fed to the reactor
at this tinme contained 230 ppm of 1, 3- butadi ene.
waBasg : i tion taken 3 hours after, the
sa o ER%l'%%pg%egsgrebﬁFeﬁer@&ﬁvgﬁé%oﬁléQPﬁuléﬂ@dthe

reaction initiati , the |

miR¥u2@ geductiing f r{%_etb%e:alr?éc%l@ﬁ Ilt,ﬂéx? &A‘téer 21{}?1% fp@bgfqnaqs phase.

'ci s-2-butene and

T t nt,ef . s Lied, 1-butene was 21% -
-Th%Eggﬁp EXEZ gsé?%géfeéggr?wetﬁga OEGRMWRE EBEr reackar was

. g in_ Exanple 41, t that th
anhMythe 6ﬁnE1Hgn§§L g%mggrg@?%ggrgﬁgge_eégggg @ﬁath@ ©

reaction tenper
P Ftio e hours_apfter the reaction, =
coi%???i%%gn?akﬁé guﬁgﬁgscgﬁgﬁFsFBﬁ E&REGIaPednpyiation, the

u LAge o f L noutene,
sedusEgeLbeoh okl RIBURL 8 LB TR EDSL o anoun

cl s-2-

) be. | ljed 1- byt 70% Th
of EPQB% b 3HP%HQ 9£1§§ygﬁg{§@Q@€n ngngﬁggﬁeaﬁﬁuﬁ@%%ﬁﬁs at

propyl ene se ectivi

engene. e hene yeic,goner Sl 0 BULLLON L L, oy

Furt propane wa _
Fu%ﬁ%ﬁ%%;, opgﬁg &Qg éé%éé%%gdpéggggﬁégrﬁfgﬂegﬁbgﬁf%ne, and
the ratio of propane/propylene was 0.00022.
[Example 39]

The reaction was carried out in the Same manner as in
Example 38, except that the reaction temperature was set at
225°C. Based on the composition taken 3 hours after the
reaction initiation, the butene conversion calculated by
deducting the total amount of trans-2-butene, cis-2-butene
and l-butene in the gas at the outlet, from the amount of
supplied l-butene was 69%. The propylene selectivity was
94%, and small amounts of pentene and hexene were generated
in addition. Further, propane was generated together with
propylene, and the ratio of propane/propylene was 0.00047.
The reaction was further carried out for another 12 hours,
but no decrease in the conversion was observed.

[Example 40]



[ Exanpl e 43] The reaction was carried out in the sane
manner as in Exanple 41, except that the reaction
tenperature was set at 250C. Based on the conposition
taken 3 hours after the 15 reaction initiation, the
but ene conversion cal cul ated by deducting the total
anmount of trans-2-butene, cis-2-butene and 1-butene
SH+41381e gas at the outlet, fromthe amount of supplied
1-butene was 70% The propylepe selectivity was 94%
and small amounts of pentene and hexene were generated

20 rtReaddhbko b Propyl.ene. synt hesi s ,
react?on perfgpngggugﬁﬁélgdrgﬁg ﬁﬁtgpﬁaﬁa@SnWﬁﬁﬂ?ﬁgas in
" Ex2361epmgof ek;gge%q:i a usi ng VWO 1Q and hydrotalcite
Sl%?)lSSl 55 Exanpﬁcgl%ﬁeggltel %r‘?a%&vl%i gﬁ@pt’?&ﬁ&}é‘ﬁﬁr ¥epofet at
2501¢cl- Bulkere onl er re.bhutene fed to.the reactor
~ Conversion 3§“2§o 6§%%&%1%§°£2§ék@“ﬁ@%ﬁoﬁészéééﬁé 6990
43 250C 230

4%t+284C; ; 1%,.,42,225C 230 ppm 70%
reppﬁ\70%5%$%%§%gké’4%féTE§%%8§bﬁ° eﬁ§§°é;FﬁﬂéﬁléﬁFdaPY

dedlBCiby the w3t MARNAL 8% LR.RAMLL. 2R, °XSERh LhAL.
and l-butene in the gas at the outlet, from the amount of-
supplied l-butene was 69%. The propylene selectivify was
94%, and small amounts of pentene and hexene were generated
in addition. Further, propane was generated together with
propylene, and the ratio of propane/propylene was 0.00040.
‘The reactiop was further carried out for another 12 hours,
but no decrease in the conversion was observed.

[Example 41]

The reaction was carried out in the same manner as in
Example 38, except that the adsorbent in the butene
purifying tower was changed to y-alumina. The l-butene fed
to the reactor at this time contained 230 ppm of 1,3-
butadiene. Based on the composition taken 3 hours after the
reaction initiation, the butene conversion calculated by
deducting the total amount of trans-2-~butene, cis~2-butene
and l-butene in the gas at the outlet, from the amount of
supplied l-butene was 21%.

IExample 42]
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the reactor was changed to 0.1 g of WQ-10 and 0.5 g of
y 5 al um na-supported Na20 produced in Exanple 18.
Based on the conposition taken 3 hours after the
reaction initiation, the butene conversion cal cul ated
by deducting the total amount of trans-2-butene,
Cci s-2-butene and 1-butene in the gas at the outlet,
SH-+1@a1t he anount of supplied 1-butene was 69% 10 The
propyl ene selectivity was 93% and smal | anounts of
pent ene and hexene were gene %t ed in addition.
Fur trher , n enerated together with
propgﬁeﬁgéﬁggg%t%gg?gﬁgglegfO o&&n@%ﬁr&ﬁ?ﬁeﬁénﬁﬁ§ as in

Qs 1 [ The reaction was carried out
Eadagdlo by me rraﬁntgrt%gést i]tﬁ“e O L EMBEISFUReh ¥R St Bet at

in the sa
e arieah ST Ehodiian ke mekaon ettt ihs
e S AR RSN R Pkl e sp drage Iselaced by
SR LT A TSRS ST,
2 LPiRene Tn MG, Badl ol b pbdetne tags: 609 amhent of

| Lect i vit 93% and Il ts of
suﬁﬁ@@%heﬂebg% B M%EmépggzeﬁgﬁaééaggﬂﬁggggpggggEGigyowas

pent ene an exene

Eur r S nerated together with '
S4E B Smgigﬁ%R?HQ F’ag'SOPSPtﬁPSpQ%@/ PREpYreHerqagenerated

propyl ene, _ .
inggﬁﬁg%go?égrgg%gpééi SE%BZES”Sagygéggiéieéeggéégger with
propylene, and the ratio of propane/propylene was 0.00036.
[Example 43]

The reaction was carried out in the same manner as in
Example 41, except that the reaction temperature was set at
250°Cc. Based on the composition taken 3 hours after the
reaction initiation, the butene conversion calculated by
deducting the total amount of trans-2-butene, cis-2-butene
and l-butene in the gas at the outlet, from the amount of
supplied 1l-butene was 70%. The propylene selectivity was
94%, and small amounts.of pentene and hexene were generated

in addition.

[Table 11)

Propylene synthesis reaction performed using a raw

- material containing 230 ppm of butadiene and using WQ-10 and

hydrotalcite




10 contai ning 230 ppm of butadi ene and using WQ 10 and
y- al um na-supported Na20 Exanpl e Reacti on But adi ene
concentration in 1- Butene | Tenperature butene fed to
the reactor Conversion 44 200C 0 69% 45 200C 230 ppm
69% [ Exanple 46] The reaction was carried out in the
sane manner as in Exanple 41, except that the

SHE-da®li on was carried out at 15 250C using a raw
material conprising 1,3-butadiene mxed in at aratio
of .2 with respect to 200 g of 1-butene. The 1-

Edpapbne fBehdttdot he meesdi@he ddonlcBhSrakh O G0 a) ned L, 04%
of 1,3ehptadivend. BeseG-0nd kg &%”PQ;?&@%&O[‘ L ake(,nonversion

heairs | af kgged he [reacti on i nirtRatrom, thebutene

COqIVer|ST 0,20, CalfCutatet—bydegteti-ng—t-he—t-of-al—amouit
Qr_1901 E7 ehs=2- hit ene nd 69%

9£Q 1rdans- g' tUIIt, O L0 LT O

. 5
t=putgne—-h—the—gas—at—the outPet fromthe | anountssef

b~

Hopliled 29%% end was 67% [?BRawml e 47] The freacti ons

D U PI
__\Ab?g carri@2P'@ut _iln the samezsanmey as in 5 [Exanpl gqs

485 excepesigat the reacti orsgas,carried out|f at— Z7ge

IE§QE§§e°Q4ﬁhe conposition taken 5 hours after tte
reaction’initiation, the butene conversion rate

L o U N
mafhetN8-00h! BlanbiQMbNe 12 AP O Supplied 1-butene
the reactor was changed to 0.1 g of WQ-10 and 0.5 g of y-

5 alumina-supported Na,0 produced in Example 18. Based on the
composition taken 3 hours after the reaction initiation, the
butene conversion calculated by deducting the total amount
of_trans—2-butene, cis-2-butene and l-butene in the gas at
the outlet, from the amcunt of éupplied l-butene was 69%.

10 The propylene selectivity was 93%, and small amounts of
‘pentene and hexene were generated in addition. Further,
propane was generated together with propylene, and the ratio
of propane/propylene was 0.00021.

[Example 45]

15 The reaction was carried out in the same manner as in
Example 44, except that the adsorbent in the butene
purifying tower was changed to y-alumina. The l-butene fed
to the reactor at this time contained 230 ppm of 1,3~

butadiene. Based on the composition taken 3 hours after the



10

15

20

[ Exanpl e 48] The reaction was carried out in the sane

manner as in Exanple 46, except that the reaction was

carried out at 300C. Based on the conposition taken 3

hours after the 15 reaction initiation, the butene

conversion cal cul ated by deducting the total anount

of trans-2-butene, cis-2-butene and 1-butene in the
srgaggat the outlet, fromthe amount of supplied

1- butene was 68% [ Exanpl e #94 20 The reaction was

carried out in the sane man as in Exanple 44,
re8%6ERL & ea s carried out at_ 250C

usi ng a ?g%}%gfgéfa%hgoEﬁ&agﬁnﬁoivér%ﬁ?%dF%%%uh@R%@ b
ded8hcfifat 0 W th respect to 200 g of 1butene

Gheeihg the Notall HhOURE PEatbanSat rnfanti nots 2 bitene

gogtgﬁ@ 4 of SE-1381 58 1.3-butadi ene. Based on
e congggl%go%/?aﬂgﬁ ag %BﬁrQUt%??er Ixem thacamepnt of
subBiiiat whi ch he maxi num activity was
U%Ighl e@e%l%%&g%u‘fae %bnve Q?oﬂr%%yje‘%ﬂl%t%%ll%fy‘/tlmty was
934led [ the unt _of trans-2-butene,

cl s&gé b%?aenle %“t'angt“ﬂl %’Et%‘ﬁ% Cepe td gl'b%x%}?etW\%r%Lﬂ¢Ié€trated
inf49M amun su I|ed 1-butene was 58% No
w pr opa#;&lg'egg?ua ‘\/\é%lp RYME | YR P enexafied thegether with

4 e reaction was carried out in the sane
px n@ner asal t-gfﬁ) e%\]n% RF ORBRR Rk h e ae LtQUH 9 -
[T Ey% r| ed out at 275C. Based on the conposition

en 15 hours after the

Propylene synthesis reaction using a raw material

containing 230 ppm of butadiene and using WQ-10 and y-

alumina-supported Na,O

Example Reaction Butadiene concentration in 1- Butene
Temperature butene fed to the reactor Conversion
44 200°¢ 0 69%
45 200°C 230 ppm 69%

[Example 46]
The reaction was carried out in the same manner as in

Example 41, except that the reaction was carried out at

o '
250°C using a raw material comprising 1,3-butadiene mixed in

at a ratio of 2 g with respect to 200 g of 1-butene. The 1-

butene fed to the reactor at this time contained 1.04% of

'1,3-butadiene. Based on the composition taken 10 hours

after the reaction initiation, the butene conversion

calculated by deducting the total amount of trans-Z-butene,




reaction initiation, at which tinme the maxi mum
activity was achieved, the butene conversion
cal cul ated by deducting the total anount of
trans- 2- butene, cis-2-butene and 1-butene in 15 the
gas at the outlet, fromthe anount of supplied
1-butene was 68% No propane generation was confirned
grpatghis tinme. [Exanple 51] The reaction was carried
out in the sane manner as |g7 Exanpl e 49, except that
the reaction was carried out”‘at 20 300C. Based on the

0 tion_taken 2 hours after the reaction
leg’n??fg‘?&%e% 83 %PBEEP%% hBengf nikn BRei OREYehmstrom the

eved conversion_cal cul ated by
am§85£ % EHPH gugﬁBEnVaéf 6¢#ans- 2- but ene,
[E% #Z ne and 1-butene in SF-1381 59 the gas at

out fromthe anmount of supplied 1-butene was
690 ro ane generation was confirned at this tine.
[Ta'% e 4 %j‘ ;)19 SRV o TR rignditorsang oaner as in
EX§§ n ggtene cggtalnln 1. 04% of 1, 3-but adi ene

%n‘% Ca‘?’é‘F?BF att bR BeREhéon TEmpepartied out at

Z?gb ver i on Y%}lo + hydrotalcite 250C 67% 47 275C
a%%‘écf’%s 4@01‘929%*3#09 bR keR na-howoe 88uer Sthe

u orted 20, 275C 68%
reacgfbn 1n1€?atlon, the butene conversion rate calculated

by deducting the total amount of trans-2-butene, cis-2-
butene and 1-butene in the gas at the outlet, from the
| amount of supplied_l—butene was 68%.

[Example 48]

The reaction was carried out in the same manner as in
Example 46, except that the reaction was carried out at
300°C. Based on the composition taken 3 hours after the
reaction initiation, the butene conversion calculated by
deducting the total amount of trans-2-butene, cis-2-butene
and l-butene in the gas at the outlet, from the amount of
supplied l-butene was 68%.

[Example 49]

The reaction was carried out in the same manner as in
Example 44, except that the reaction was carried out at
250°C using a raw material comprising 1, 3-butadiene mixed in
at a ratio of 2 g with respect to 200 g of l-butene. The 1-

butene fed to the reactor at this time contained 1.04% of
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51 300C 69% [Exanple 52] A butene purifying tower was
produced in the sane nmanner as in Exanple 1, except
that 2 g of W10 and then 3.5 g of hydrotalcite
(Kyowa Chem cal Industry Co., Ltd., 10 Kyowaad 500,
500 m were successively packed fromthe bottom of
the butene purifying tower. Subsequently, a reactor
smassgf oduced in the sane nmanner, except that the
cat al yst packed in the reactgr was changed fromthe
m xture of WQ 10 and hydrot Pcite to a mixture of

1, WL S 0/ nesi.a whi ch was obtai ned by
suspeﬁ§$%% BhgﬁﬁﬁﬁP%Hbﬂéﬁlﬁﬁmﬁﬂﬁﬂ¥%ﬂﬂjﬁﬁﬁaﬁ32ﬁ-hours
' ydroxide i,n 200 Ml of an aqueous sol ution,
@ Sr Vi n%g}q%yrdeeavc)é:pjoof’aﬁrﬁrjﬂla&ﬁdmoala& MYgh ((BBEC theg maximum
:S) i ch.was packed in the reactor. Subsequently,
@ 53q’rrﬁsc/ym“)rgqsofa‘%ﬂ%erv n tg&s Pt ensicomvegsdosuca 18R1838 by

flowed into the reactor fromthe top, and the
d "
%;%gegﬁ% {15 F@ﬂlFW@UEG%ﬁ%ﬁnQQiﬂﬁﬂamhﬁianﬁboCﬂHeZ~butene
ut,e yurif.yin tower fromthe bottomto the top
an?h% ?ﬁﬁ%ﬁ?ﬁﬁﬁrggeoﬁa@hét te&crot letd thembGhenemount of
suﬁgﬂﬁgéiﬂg 5%mer were all el evated to 5 550C and

intal ned ¥-6MC1YAGuPE *NexNO RTgRENSI gEOREaLoPNEdaSDY

' 50.mM [m n_of hydrogen gas at anbient pressure
coﬁggkgganFnFﬁlgftﬁmFrogen gas at anbi ent pressure was

the sane tenperature for 30 mnutes. Wile
[E%%ﬁé?ggggéain 50 m/mn of nitrogen gas at anbi ent

pr re._the butene 10 purifying tower was cooled to
153®§¥5% ?E@P?é@%ﬁcﬁaqﬁgpd out E% the same manner as in

Example 49, except that the reaction was carried out at
.
275°C. Based on the composition taken 15 hours after the

reaction initiation, at which time the maximum activity was

~achieved, the butene conversion calculated by deducting the

total amount of trans-2-butene, cis-2-butene and l1-butene in
the gas at the outlet, from the amount of supplied l-butene
was 68%. No propane generation was confirmed at this time.
[Example 51]

The reaction was carried out in the same manner as in
Example 49, except that the reaction was carried out at
300°C. Based on the composition taken 2 hours after the
reaction initiation, at which time the maximum activity was
échieved, the butene conversion calculated by deducting the

total amount of trans-2-butene, cis-2-butene and l-butene in
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cooled to 175C. 1-Butene (purity 99% Takachi ho
Chem cal Industrial Co., Ltd.) gas distilled over
y-alum na (Sum tono Chemical Co., Ltd., NKHD 32)
before use was flowed into the butene 15 purifying
tower fromthe bottom at anbient pressure at a rate
of 12 mM/mn. The purified 1-butene obtained fromthe
sHOomgvas conbined with ethylene that was fed at anbient
pressure at a rate of 18 m/mn and hydrogen that was
fed at anbient pressure at arate of 1.5 nl/nin, and

] xt.ur,e 20 s fed to the reactor fromthe top in
thH:?'aggas)gter ee.ou\%ﬁgt'g LR R amsindgi 96d stippiielde 1-butene
wa%"tstg%m ofNOt he reactor was analyzed on-line by gas

chronat ographyPaBgs 8§16F atHeon cmpesnfismetakentBis time.
[T%%H%?l Hter the reaction initiation, the butene
conversion cal cul ated by deducting the total anount
SF- g,?gl ?% of trans-2-butene, cis-2-butene and
1- but eRe-PR®t A¥NGRESEHE remetéon perforoed t heingomt ené
coﬁ%BH%ﬁ%d é—%ggeng was 40% [ Exanple 53] The reaction
d “0dt °Fn

was car P Ly RePskmeigmener as in 5 Exanpl e
Exdmpleg§Xcept thal, fRg catarystTpacked i the—teactor
was qhanged from the mixture] of 2F6'%nd hydr ot &EFR%
n-10 i h mtﬁi’éﬁem@ n

Q@ a| m e of Wo-10—and—h
.8 'nedﬁggu)§LEﬁ%§ﬁﬁ%ﬁjt35 g hy#3®€al ci t ¢ (Kyovers

L
%ﬁcn&cal I ndustry, Ltd., Kypwaad S00F and 80 ng ofss
&3didm hydroxide_in 200 m_ 10 of apocaqueous [sol utidaa,

#P yi ng t owsaloi € yoylenaporati pn, angkgegal Cl NiNG ( 550¢ X

80 hours) . Thepgasdmxbure obparned;ff.am 83

51. _ ] 300°C 69%

[Example 52)
A butene purifying tower was produced in the same
manner as in Example 1, €xcept that 2 g of WQ-10 and then

3.5 g of hydrotalcite (Kyowa Chemical Industry Co., Ltd

Kyowaad 500, 500 pm) were successively packed . from the

_bottom of the butene purifying tower. Subsequently, a

_ reactor was produced in the same manner, except that the

catalyst packed in the reactor was changed from the mixture
of WQ-10 and hydrotalcite to a mixture of WQ-10 and
Na:0/magnesia which was obtained by suspending 15 g of
magnesium oxide and 80 mg of sodium hydroxide in 200 ml of
an aqueous solution, drying by evaporation, and calcining
(550°C x 8 hours), which was packed in the reactor.

Subsequently, 50 ml/min of nitrogen gas at ambient pressure
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the bottom of the reactor was anal yzed on-1line by gas

chromat ogr aphy. Based on the conposition taken 3 hours
after the reaction initiation, the butene conversion

15 cal cul ated by deducting the total anount of

trans-2-butene, cis-2-butene and 1-butene in the gas

at the outlet, fromthe anount of supplied 1-butene
SFWas3852% [ Exanpl e 54] The reaction was carried out in

the same manner as in 20 Ex | e 52, except that the

cat al yst packed in the reacto was changed fromthe
wal¥ R0k YR 1 hydrotalcite to a mxture of

WQ 10 andlﬁaZO/glunlnanﬁﬁh §i3‘%§1cﬁ°wasaaEt5hﬁeaa5y
exSHSPeN¢i-Rg 1H:0 al_.um gnesi a SO|Id sol ution

(K yo%g éhen1c§lbgg§%§&was fﬁgww%K ShiadheobofFeagdpurifying
toRErl38Ln62net fe un1h drOX|de in 200 m of an

aqueousmsoputlggggo91 %b O|Ig By tePREEAAHESA, ©Andhe
reﬁ%h%knhﬂa 0 hours) ,The _gas m xture_obtai ned

fromthe bgggoﬁ?gFﬁFhBurfgg&Pgr §raH3F9zééloﬁlPVﬁéed to

550Yc9 c phy. Based 5 on the conposition
Paﬁeﬁﬁd ﬂ%gggEEEFQ Elgéﬁe 838F1 onNe¥hr t RagpBnikhere formed

b I Iated by deducting the total
by HenRa or 0 FL7RPD B8 éﬁsroge S8t bnenhREnt bpotenee to

50181 out | et t he anount of supplied
hign 988 ﬂ%@@?‘*‘io@f %X%Frp? 58T TRESF RUEE | W@ wabowed at

1- but ene was
hEREAEC et IS, BT TR DTSR st s
ml/min of nitrogen gas at ambient pressure, the butene
purifying tower was cooled to 150°C, and the reactor was
cooled to 175°C.

1-~Butene (purity 99%, Takachiho Chemical Industrial Co.,
Ltd.) gas distilled over Y-alumina (Sumitomo Chemical Co.,
Ltd., NKHD—32) before use was flowed into the butene
purifying tower from fhe bottom at ambient pressure at a
rate of 12 ml/min. The purified l-butene obtained from the
top was combined with ethylene that was fed at ambient

pressure at a rate of 18 ml/min and hydrogen that was fed at

ambient pressure at a rate of 1.5 ml1/min, and the mixture

was fed to the reactor from the top in the gas phase. The

1

gas mixture obtained from the bottom of the reactor was
analyzed on-line by gas chromatography. Based on the
composition taken 3 hours after the reaction initiation, the

butene conversion calculated by deducting the total amount
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was changed fromthe m xture of WQ-10 and hydrotalcite

toa mxture of W10 and K20/ al um nanmagnesi a whi ch

was obtai ned 15 by suspending 15 g of an al um na

magnesi a solid solution (Kyowa Chem cal |ndustry,

Ltd., Kyowaad 2000) and 40 ng of potassiumnitrate in

200 m of an aqueous solution, drying to solid by
srevagqration, and cal cining (550C x 8 hours). The gas

m xture obtained fromthe boftom of the reactor was

20 anal yzed on-1ine by gas chromat ography. Based on

on taken 3 hours after the reaction

t
OfiE??ﬁ%??g%hE%ﬁg fdtsrePusRPEr Singh lohiugengt éd bhe gas at

e ] g the t amount of trans-2-butene,
thgi QHEE at r?éoghgthf BiCERE Ph SHEPddedatl-butensurket 40%.

0 mount of supplied 1-butene was 62% SF-1381
[ %éBHP% gﬁi 14] Propyl ene synthesis reaction perforned

%ﬁ ng v§%1o and, various co-catalysts F53 |le
K|n f c% PRIV fRREied etalnstbposeme manmer as in
fg ort cahalyst (Amount det erm ned Conver si on
FSHECE afefFBAt Fakagiesi nackeiddénStbe uneactor

' wagxé n%o. é% 0% (Kyowamag 150) Hydrotal cite Sodi um

oXI OBob e(W&BRHE@ BQOWQ510N@gdebydnmbalc&te to a

e. (0. 58% al um num oxi de solid
é%@%ﬁl ﬁxwg 8 g/%1'6-20/hyclrotail_cite which was obtained by

suspending 15 g of hydrotalcite {Kyowa Chemical Industry,
Ltd., Kyowaad 500) and 80 mg of sodium hydroxide in 200 ml
of an agueous solution, drying to solid by evaporation, and
calcining (550°C x 8 hours). The gas mixture obtained from
the bottom of the reactor was analyzed on-line by gas
chromatography. Based on the composition taken 3 hours
after the reaction initiation, the butene conversion

calculated by deducting the total amount of trans-2-butene,

cis-2-butene and l1-butene in the gas at the outlet, from the

amount of supplied 1l-butene was 52%.
[Example 54]

The reaction was carried out in the same manner as in
Example 52, except that the catalyst packed in the reactor
was changed from the mixture of WO-10 and hydrotalcite to a
mixture of WQ-10 and NayO/alumina-magnesia which was
obtained by Suspending 15 g of an alumina-magnesia solid

solution (Kyowa Chemical Industry, Ltd., Kyowaad 2000) and
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(Kyowaad 2000) 55 Magnesi um oxi de- Potassi um oxi de
(0.125% 62% al um num oxi de solid solution (Kyowaad
2000) [Conparative Exanple 1] 5 The pretreatnent,
reduction treatnment and nitrogen purge were carried
out with the sanme reactor and butene purifying tower
as those used in Exanple 1, and then without flow ng
srhydsagen t hrough the reactor, ethylene and trans-2-
butene were fed to the reactécl;é;1 at the sane rates as
those 10 used in Exanple 1. e butene conversion

400RLaRRe a zing the at the outlet taken 3
hogrgﬁa??gxu ﬂ§d¥8§%8?oﬁni%§3iﬂéi8ﬁ Risaguepugheolution,

y n Iet|V|t based on butene at this tinme
dr?m&g% go 8¥nﬁr’ﬁgaﬁ%h?nof angepedaéning ¢ehefateds

h°*+ﬂ2*‘8?é?b§2 3B FRRaCoPbALPFRAERER ChRdbat tomge the
e R YRRk té?ﬁéﬂ“aé%%ﬂééiﬁgﬁaéﬁéﬁ&ﬁé 4,Based
on S SRR LA 0 Bk 0sa L U R el
L erzsztéa&ﬁsz%r%;éﬁz(ﬁgfﬁf;%fwfg@;‘&mg
thé'E% en. 3 hours er the reaction

i ni t| atl on r?lg U, ST 1 op R sel vt Thutaneh et 1-
butene in the gas_at the outlet, from the amount of supplied
1-butene was 583%.
[Example 55]

The reaction was carried out in the same manner as in
Example 52, except fhat the catalyst packed in the reactor
was changed from the mixture of WQ-10 and hydrotalcite to a
mixture of WQ-10 and K;0/alumina-magnesia which was obtained
by suspending 15 g of an alumina-magnesia solid solution
(Kyowa Chemical Industry, Ltd., Kyowaad 2000) and 40 mg of
potassium nitrate in 200 ml of an aqueous solution, drying
to solid by evaporation, and calcining (550°C x 8 hours).
The gas mixture cobtained from the bottom of the reactor was
analyzed on-line by gas chromatography. Based on the
composition taken 3 hours after the reaction initiation, the
butene conversion calculated by deducting the total amount
of trans-2-butene, cis-2-butene and l-butene in the gas at

the outlet, from the amount of supplied l-butene was 62%.
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on butene at this tine was 89% and a small anount of
10 pentene was generated in addition. [Conparative
Exanpl e 3] The pretreatnment, reduction treatnent and
nitrogen purge were carried out with the sane reactor
and butene purifying tower as those used in
Conparative Exanple 2, and 15 then wi thout flow ng
sHytg@gen through the reactor, ethylene and
trans-2-butene were fed to the reactor at the sane
rates as those used in Exanpfe 1, and the operation
carfied out in the sane nmanner, except that the
redct i o tenperature was set at 300C. The butene
convyersi on _obtai ned by 20 anal yzing the gas at the
out FEPPVARBR §YROHES 14 Fencthen peafbicordi Aitt 146° ANusing
W __§)74W The propyl ene selectivity based on butene at
Hi's S >R &fd e ¥tk | anpunt of pentene was

ExgRNRS ok e LH 204100, Ti-Conparati-veExarpte—41—SF-1381
65 The pref eat cJ;‘rn:éfir%?/St | AR 1 OB 13 o SHRRORT SRt 7L ogfdtyene

purge were CAFried out |wiTHEI¥E $3AEnE edpteoningdd | Conversion

I%Bi ene—pti-y-rg—towe d<or idgeiniroduqy Friaiple [31,
and tlhem*9%GetHBR*LHEowi ng hyshogero«tibe oughs t he 40%
| reactior (FypriataendS@nd 5 trans-2-butene were fed tjo the

Péactjor advdtémlsare rajes assodifPSRiNSEQ. 5D EXxanpre Lo
The But enkycwasy esogh on pbtained by anal yzing the |gas

at the wuhkeint gkgn. T pour af el the Teaction

i ni tilatiQo.nas 8%l Cofrpar a??%leumE?(’élrgﬁl S zp) 8%
solld solution
(Kyowaad 2000)

55 Magnesium oxide- Potassium oxide (0.125%) 62%
aluminum oxide

solid seclution

(Kyowaad 2000)

[Comparative Example 1]

The pretreatment, reduction treatment and nitrogen
purge were carried out with the same reactor and butene
purifying tower as those used in Example 1, and then without
flowing hydrogen through the reactor, ethylene and trans-2-

butene were fed to the reactor at the same rates as those

used in Example 1. The butene conversion obtained by

analyzing the gas at the outlet taken 3 hours after the
reaction initiation was 49%. The propylene selectivity
based on butene at this time was 91%, and a small amount of
pentene was generated in addition. |

[Comparative Example 2]
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10 The pretreatnent, reduction treatnment and nitrogen
purge were carried out wwth the sane reactor and
butene purifying tower as those used in Exanple 32,
and then wthout flow ng hydrogen through the
reactor, ethylene and trans-2-butene were fed to the
reactor at the sane rates as 15 those used in Exanple

srli3fhe butene conversion obtained by analyzing the
gas at the outlet taken 1 hour after the reaction
initiation was 22% [ Conpar &4 ve Exanple 6) The

pre reatnegt, reduction treatnment and nitrogen 20

pur%%ew%¥% tafFredtoutedhehiohet saatmermtcand mihdrogen

pu utene purifying tower as those used in Exanple 33,
add thER WRAFR189 AL ¥g&h thewsraeerofct®d ahdnbutenrde

u?ggene pgéif ing tower was cooled to 50C, and the
PUFs5¢tBP WA¥CSEoBFelihpEe208ed 1w ERoumplel éwi agdhylengenthout

fl%hr.ougg t he reactor, ethﬁlene and SF-1381 66
VaRe-BYPnPeRe hereuphdthe reacteact ethgletbeasanerans-2-
pulales as those used in Exanple 34. The butene
ConvelfSFont 8Bt BPnkBebyeaghar yat nghe heagasrates hes those
us® t|et_taken 10 hours after the reaction initiation
sH B¥AMBL¢ Chrpathei het exanpbevads Toe oived foed et
an d reduction treatnment were carried out with the
D1EdtorIandabutereopulet yiaken ohwiowss 4 fhose wsed
rein Exanple 33, and then with a nitrogen flow rate of
400 M AR LahEonirenel ur i The nop domkenevase oot 6 810 based
ﬁ? , 10 and the reactor was cooled to 250C. Wt hout
on iy qﬁ}at this time was 89%, and a small amount of

pentene was generated in addition.
[Comparative Example 3]

The pretreatment, reduction treatment and nitrogen
purge were carried out with the same reactor and butene
purifying tower as those used in Comparative Example 2, and
then without flowing hydrogen through the reactor, ethylene
and trans-2-butene were fed to the reactor at the same rates
as those used in Example 1, and the operation was carried
out in the same manner, except that the.reaction temperature

was set at 300°C. The butene conversion obtained by

‘analyzing the gas at the outlet taken 3 hours after the

reaction initiation was 74%. The propylene selectivity
based on butene at this time was 95%, and a small amount of
pentene was generated in addition.

[Comparative Example 4]
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hydr ogen through the reactor, ethylene and
trans-2-butene were fed to the reactor at the sane

rates as those used in Exanple 34. The butene

conversion obtai ned by analyzing the gas at the
outlet taken 1 hour after the reaction initiation 15

was 71% [Table 15] Propyl ene synthesis reaction

SEQ%%%ﬁqned wi t hout allowing hydrogen gas to co-exi st
Wi he raw material Conp. Ex. Nanme of Kind of Co-

Reaction Pressure Butene Cat%alyst catal yst
TenEerature Conversion 1 WQ 10 Hydrotalcite 250C
AnblrBRt PAotrERrEBSHEe redsahionstBartnast aboy en 2086 en
Sane as 1% above above 3 Sane as Sane as above 300C
PUSEYe WAL o7 AT TAlS6 @UAboNEh 4hebBale Seaetas ahdveudeaE
Sane .as 8% above SF-1381 67 5 Sane as Sane as above
PUS33F1ioghd oneT22% thbseeusbovén ExWRple Sapeaad ahewe
0C 3.5 MPa 7.8% 7 Sane as Same as above 250C Sane

.2 :
wik8ontofdnmniadabodaogporbapathy éhExaepkbeos] ethylene and

trans-2-butene were fed to the reactor at the same rates as
those used in Example 1. The butene conversion obtained by
analyzing the gas at the outlet taken 1 hour after the
reaction initiation was 8%.

[Comparative Example 5]

The pretreatment, reduction treatment and nitrogen
purge were carried out with the same reactor and butene
purifying tower as those used in Example 32, and then
without flowing hydrogen through the reactor, ethylene and
trans—2—butene were fed to the reactor at the same rates as
those used in Example 1. The butene conversion obtained by
analyzing the gas at the outlet taken 1 hour after the
reaction initiation was 22%.

[Comparative Example 6]

The pretreatment, reduction treatment and nitrogen

purge were carried out with the same réactor and butene

purifying tower as those used in Example 33, and then with a

__nitrogen flow rate of 100 ml/min, the butene purifying tower

was cooled to 50°C, and the reactor was cooled to 200°C.

Without flowing hydrogen through the reactor, ethylene and
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The pretreatnent and reduction treatnent were carried
out with the sane reactor and butene purifying tower
as those used in Exanple 38, and then with a nitrogen
flowrate 5 of 100 mM/mn, the butene purifying tower
was cooled to 50C, and the reactor was cooled to
275C. Wthout flowi ng hydrogen through the reactor,
srethyghene and 1-butene were fed to the reactor at the
sanme rates as those used in anpl e 38. The butene
conver si on obtai ned by analy2|ng the gas at the 10

et f t tiati
g S pRKED, LeDouiell Lo P RN o0 Shl BehR0rE R o
h t Exanp
th?#h%%ﬁ‘ﬂaﬁpo%@%gﬁﬁ ardgenTts &8 %%%r?:o%%%réﬁénr gheasped by
i,n the. but purifyi

e e B35 8Tt B0 A A8 10pHOBRE. PEGET, Ahe
reégﬁl ﬁaihﬁEl$ this_tige contained 230 ppm of
&°but'8rie 8

ut adi ene rver si on obt ai ned by

[caﬂgg¥§%§getgga%aila the outlet taken 1 hour after

reaction fon was 38% After 5 hours of the
e or oPat Pt Thetini VRO S Eompr antoet Bosnpr coappiod
ourTHAER 5B8, ﬁlr'?%o%%%%%?%“%ia‘: PR=gBuREFHONS APHBR he
enJHdROEH 18 dupreee ?e3aasa§ ehSE43be REPhobERerlSt race
of ROV el Biag HrRofH Rheo e MRk (e i3 AHaThed 0 50°C,

- and the reactor was cooled to 250°C. Without flowing

hydrogen through the reactor, ethylene and trans-2-butene
were fed to the reactor at the same rates as those used in
Example 34. The butene conversion obtained by analyzing the
gas at the outlet taken 1 hour after the reaction initiation
was 71%.
[Table 15]

Propylene synthesis reaction performed without allowing

hydrogen gas to co-exist with the raw material

Comp.Ex, Name of Kind of Co-~ Reaction Pféésure Butene
Catalyst catalyst Temperature Conversion
1 WO~10 Hydrotalcite 250°C Ambient 49%
pressure

2 Same as |  Same as above 200°c Same as 1%
above ' above

3 Same as Same as above 300°C Same as 74%
above above

4 MoQ-15 Same as above 300°C Same as 8%
above
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was 61% [ Conparative Exanple 111 The reaction was
carried out in the sanme manner as in Conparative
Exanple 9, without allow ng hydrogen to co-exist 10
in the reactor, except that the reaction tenperature
was set at 300C. The butene conversi on obtained by
analyzing the gas at the outlet taken 1 hour after
sg-hggieaction initiation was 47% After 5 hours of the
reaction initiation, signi fl_gant cat al yst
deteriorati on was observed. [Con'par ative Exanple

12] Thess®agki png dTout Jn thersame nmermer—as
in ExanplfK .46 J?%ﬁaggﬁ%gﬁe con %alnlng %ﬁﬂ/' Sf 22%
byt adifeng a5 T ' Lha?b¢%%

reactTo nd-bhd'Haydr ogeh 8%
gas was-1%d3fo ne Seon\eer s| on 713
obtai-ned®¥8¥ean ut | ebodeaken 1

[ch@p@raﬁh@@ @Q%H@g%p%lon initiation was 1/%
[ Conparati ve Exanpl e "13] The reaction was carried out

in the agnign e le 12,
MAthogtigﬁ?g?g?ﬂgﬁﬁyg?gggﬁgﬁgpﬁé? éﬁeigéiggfwefﬁagng?Ed
exee n ure was se

OuThe Euteng g%nge?gggﬁbgbﬁéﬁgggEgnea33F§§Vﬁ89t%QWSESaS

thobet hseauihebxbAkTl 3a00URahen LULHT SARLLOR cr 10w rate

initiati on was 8&

ofco0bamli/Agnl- Q4% %ﬁlt@n@u%ﬁ%%l?}&Hg )?g‘%gfgﬂ‘?g 6%5%1161@1 e 50°C,

difficuit to obtain VEers
anﬁeﬁﬁél9@a&€8Pe%§§u580i§dn95 E%gvéted $fnout flowing

hydrogen through the reactor, ethylene and l-butene were fed
to the reactor at the same rates as those used in Example 38.
The butene conversion obtained by analyzing the gas at the
outlet taken 1 hour after the.reaction initiation was 44%.
[Comparative Example 9]

The reaction was carried out in the same manner as in
Comparatlve Example 8, without allowing hydrogen to co-exist
in the reactor, except that the adsorbent in the butene
purifying tower was changed to y-alumina. The I-butene fed
to the reactor at this time contained 230 ppm of butadiene.
The butene conversion obtained by analyzing the gas at the
outlet taken 1 hour after the reaction initiation was 38%.
After 5 hours of the reaction initiation, significant
catalyst deterioration was observed.

[Comparative Example 10]
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350C, as shown by the present Conparative Exanpl e,
while a raw material containing no butadi ene achi eves
a conversion of 61%at 300C as shown by Conparative
Exanpl e 10. 10 [Table 16] Propyl ene synthesis reaction
performed using a raw material containing butadiene
and using WQ-10 and hydrotalcite Conp. Ex. Reaction
srButiadi ene concentration in. 1- Butene Tenperature
butene fed to the reactor Caonversion 8 275C 0 44% 9

275C 230 ppm 38% 10 300C O % 11 300C 230 ppm 47%
12 %CE%3Q4961795 13 350C 1.04% 68% [ Reference
Exanpl 6 11° T THE S red Tere ettt abl Fleqligame marnet rasntin
iged out with the same_reactor and butene
ColBRFRUTRG EoMBPISsY” { RALAHE caLE AVERGPYGrageantowbenexs st
innk%goggg ﬁgrge was carried out, a gas mxture of _
ni'trogens hydr oGentRt 1F4af nEheagcartiont Fopear gasroagas set
atUsgget0 cpol thg reactor and the butene SF-1381 70
PUFT f §i ng" T OWRP -¢1C aCPNREEE LRI Abtiaipepcpnt amalyaing the
i tho flow ng hydrogen through the reactor,
gage%%%%% A %lfv%‘f g‘?%%%n gu}t‘%‘ﬁ’é ABFerf e teeadioiomatbtiation
wa%t jhe sane rates as those wused in Exanple 1. The
u?eﬁé conver si on obtai ned by

[Comparative Example 11]

The reaction was carried out in the sSame manner as in
Comparative Example 9, without allowing hydrogen to co-exist
in the reactor, except that the reaction temperature was set
at 300°C. The butene conversion obtained by analyzing the
gas at the outlet taken 1 hour after the reaction initiation
was 47%. After 5 hours of the reaction initiation,
significant catalyst deterioration was observed.
[Comparative Example 12]

The reaction was carried out in the same manner as in

Example 46, using butene containing 1.04% of butadiene as

‘the raw material, except that the reaction temperature was

rset at 300°C, and no hydrogen gas was fed to the reactor.

The butene conversion obtained by analyzing the gas at the
outlet taken 1 hour after the reaction initiation was 17%.
[Comparative Example 13]

The reaction was carried out in the same manner as in

Comparative Example 12, without supplying hydrogen to the
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5 analyzing the gas at the outlet taken 1 hour after
the reaction initiation was 75% The butene
conversion obtained by analyzing the gas at the
outlet taken 5 hours after the reaction initiation
was 48% Furthernore, the reaction was further
continued for another 12 hours, but no change in the
spl@sgqnversion was observed. As such, the netathesis
reaction can be carried out at |ower tenperatures
conpared with conventionall%ﬁknomn reacti ons, by
reg%%gmﬁng hédroggn gas to co-exist in the 15 reaction
Faw frat EFCEPS. TRafFt kBEnbPactienf tempRratvact Von Sehtas
356ag be ﬁchkeved even at | ow pressures, w thout
parti caldr PYLFBGUFPPNETRiGR pPEadned by sbaleninonthe gas
atrgsctiogi'do. gn addi tion, even when butene containing
but'S5dPBhe®Fstaken dshauranfkarethsl reapbipnvénitbation was
6820 CF r?cterized in that the deterioration of the
data 5@ 8r VBER BokpHrBAt®FLAlt Rentasping 1.04% of
bugogventional metathesis catalysts. As anot her
39t EPE, Yefer8efls LEspBndifEhcEdtt bo ehbainps ovemeatsion
exin %he.r agtion activity through hydrogen supply.
ThaY 1Y, ehftF.’éehya%ééﬁnsup@pyragurenp@rmt|ey1evated to
35?&1381 71 suspended and resuned |later, the effect of
Y nlpt o nPHR PRCERSi PyesaRbuGPMPgteben Bdaiplen wisile a
restored. Such behavior can significantly contribute
ray FATHRT bhkr PR bR NERALRP | Pyt adienduachieveprodumvansion
fF ;herngéea when 5 ol efins and hydrogen gas are
oL & taIRy AP oneds t Shewn &Ry sEompa et evewkatpke f B f or

[ngﬂg féfduction of paraffins;

Propylene synthesis reaction performed using a raw

material containing butadiene and using WQ-10 and

hydrotalcite
Comp. Ex. Reaction Butadiene concentration in. 1- Butene
Temperature butene fed to the reactor Conversion
8 275°C 0 44%
275°C 230 ppm 38%
10 300°C 0 61%
11 300°¢c 230 ppm : 47%
12 300°c 1.04% 17%
13 350°C 1.04% 68%

[Reference Example 1]

The pretreatment and reduction treatment were carried
out with the same reactor and butene purifying tower as
those used in Example 1, and when nitrdgen purge was carried
out, a gas mixture of nitrogen/hydrogen = 1/1 instead of

nitrogen gas was used to cool the reactor and the butene
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however, in contrast to the prediction, side
production of paraffins is less, and particularly
when a co-catal yst of al um na-supported sodi um oxi de
is used, the side production 10 paraffins can be
reduced to a large extent. } SF-1381 72 CLAIMS 1. A
process of producing ol efins through a netathesis
sE-8agly on of reacting honol ogous or heterol ogous
olefins to 5 produce olefini havi ng di fferent
structures, wherein the reatfion is carried out in

t Q- exi stence of hydrogen gas. 2. The process of
puﬁlﬂ*gf Ui%hd 1%t i 5% aa&eryﬁﬂ[ﬁﬁ?gmtldle& AIGRPE T2 Y& eiamc Wd thout

r tion s carried out in the presence of a 10
FLouY %/g"tydc‘c%eé} rﬁﬁﬁ’”&?‘ TS tr e aet Aithsllemsn@and trans-2-
|l ected fr t ungst en, nol ybdenum rhenium ni obi um
buts%n Fal'Tih® \F%Bad%%rﬁ ¢ MAAAUME iiediseme inat@isums those
sm.um_and ni ckel . 3. The process of producing ol efins
us%éic&?ldi%r‘lpgechai mT%,e bie apyge conyex sdempelpt@ined by
an%gn%aini% at | east one netal element selected from
& “hECal 4 P88 &lp the cxtEt tedeal ) hogroggtelr ahe
al kaline.earth metals), Goup Ilb and Goup Illais
TesEdCRs taitgataen yas %éﬁaddiTﬁeoﬁuﬂ:@nﬁh@O@éﬂea‘IS)i@D. ob@ained

b 4EHT&§ proc%g% of producing olefins according to claim
Y3aNaxK e Bon ke 985- &t Ah¢sOuEdRtaitakes &t howast adher the
remstcal el,enent selected fromthe nmetals of Goup la

Carkgrhi thetdedon spsufiBhlra Furkhermerear thenweaks)ion was
quE ug Ilb.and Group Illa. has a structure of being

£ gs r CRBCIRUSSsdppopRother 12 hours, but no change in the

conversion was observed.

- As such, the metathesis reaction can be carried out at
lower temperatures compared with conventionally known
reactions, by allowing hydrogen gas to co-exist in the
reaction raw materials. Furthermore, sufficient reaction
rates can be achieved even at low pressures, without
particularly requiring high pressure as conventional

reactions do. In addition, even when butene containing

butadiene is used as a raw material, the invention is

characterized in that the deterioration of the catalyst is
less compared with the case of conventional metathesis

catalysts. As another feature, there is responsiveness to
the improvement in the reaction activity through hydrogen

supply. That is, when the hydrogen supply is temporarily



SF-1381 73 5. The process of producing ol efins
according to claim4, wherein at |east one of the
netal elenents contained in the co-catalyst is
lithium sodium potassium nagnesium 5 calcium
yttriumor zinc. 6. The process of producing ol efins
according to claim5, wherein at |east one of the
spvetxd el enents contained in the co-catalyst is
l'ithium sodium or potassiunt 10 7. The process of
produci ng ol efins according % claim4, mherein t he
U p ' the,co-c lyst_ is alum na
° Z|rcon|a%%? 9%%h$%d l?&@%ﬁs%%¢’§¥%ﬁ&$|ﬁ 6W€FPH§H9 the
adyyyyh I I wh gl t he catal yst containing
g; %g%ggﬁ ﬁggkgpgﬁeﬁ%'lgéP@bﬁédrFFERFFGngsﬁéﬁ
beiRhyRde um _ni.obi um ntal um vanadi um
eru?henlgﬁﬁls%ggggﬁghp Fitdi & ﬁFt6§%WGﬁ15ﬁdthﬁl@R@Faﬁé§na
b UGt 0 pported on a support. 20 9. The
° procesgrgp %ngﬁg 31 B@PFH§t&880rdFEﬁtPSr@P§?n1Bhen
1wkerei h oLt sup orting the catalyst is silica, -
oAl umngngrﬁ ??g Al a9 3 8Fs f§8fsg2&lioa1¢ﬁ@eﬁr6€e§§ ~gkist,
thierad e ccording to claim2, wherein at
eas?gggg ﬁ%tg i gﬁﬁn?l g8nPLPARETEAN AE BAFAF§ERS: s

t ek
ho%@98§, fn contrast to the prediction, side production of
paraffins is less, and particularly when a co-catalyst of

alumina-supported sodium oxide is used, the side production

paraffins can be reduced to a large extent.
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5 11. The process of producing ol efins according to
claim1l, wherein propylene is obtained by reacting
ethylene with n- butene. 12. The process of producing
ol efins according to any one 10 of clains 1 to 11,
wherei n the anount of hydrogen gas to co- exist with
the raw materials fed to the reactor is, when the

t of the raw materials is in terns of gas, 0.1 to
80% by vol une based on the_ﬁftal anount of gas.

CLATIMS

1. A process of producing olefins through a metathesis
reaction of reacting homologous or heterologous olefins to
produce olefins having different structures, wherein the

reaction is carried out in the co-existence of hydrogen gas.

2. The process of producing olefins according to claim 1,
wherein the reaction is carried out in the presence of a
catalyst containing at least one metal element selected from
tungsten, molybdenum, rhenium, niobium, tantalum, vanadium,

ruthenium, rhodium, iridium, osmium and nickel.

3. The process oflproducing olefins according to claim 2,
wherein a compound contéining at least one metal element
selected from the metals of Grbup Ia (alkali metals), Group
ITa (alkaline earth metals), Group ITb and Group IIIa is

used as a co-catalyst in addition to the catalyst.

4. The process of producing olefins according to claim 3,
wherein the co-catalyst containing at least one metal
element selected from the metals of Group Ia (alkalli metals),
Group IIa (alkaline earth metals}), Group IIb and Group IIIa

has a structure of being supported on a support.
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5. The process of producing olefins according to claim 4,
wherein at least one of the metal elements contained in the
co-catalyst is lithium, sodium, potassium, magnesium,

calcium, yttrium or zinc.

6. The process of producing olefins according to claim 5,
wherein at least one of the metal elements contained in the

co-catalyst is lithium, sodium or potassium.

7. The process of producing olefins according to claim 4,
wherein the support supporting the co-catalyst is alumina or

zirconia.

8. The process of producing oclefins aécording to claim 2,
wherein the catalyst containing at least one metal element
selected from tungsten, molybdenum, rhenium, niobium,
tantalum, vanadium, ruthenium, rhodium, iridium, osmium and

nickel has a structure of being supported on a support.

9. The process of producing olefins according to claim 8,
wherein the support supporting the catalyst is silica,

alumina or zirconia.
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10. The process of preducing olefins according to claim 2,

wherein at least one metal element contained in the catalyst

is tungsten.

11. The process of‘producing olefins according to claim 1

r

wherein propylene is obtained by reacting ethylene with n-

butene.

12. The process of producing olefins according to any one
of claims 1 to 11, wherein the amount of hydrogen gas to co-
exist with the raw materials fed to the reactor is, when the
amount of the raw materials is in terms of gas, 0.1 to 80%

by volume based on the total amount of gas.




