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1 DESCRI PTI ON PROCESS OF PRODUCI NG OLEFI NS 5TECHNI CAL
FI ELD The present invention relates to a process of
produci ng olefins by a netathesis reaction in which
the catalytic reactivity is inproved by allow ng

co- exi stence of hydrogen 10gas. BACKGROUND ART A
nmet at hesi s reaction, in which honol ogous or 15

het er ol ogous. ol efins are reacted with each other to
yield olefins having different structures, is highly
beneficial since the reaction allows interconversion
anong et hyl ene, propyl ene, butene and the |ike that
are produced from naphPR&CBIRERENs at certain
proportions, so as to cope with 20 the changes in the
demand structure of olefins. The ol efin netathesis
reacti on was % ound in 1931 &ngroceed at a high
tenperat ure of *Po8E3iH RARORUGING SLEFRGever, t he

i ndustrial value of the reaction was acknow edged
only after a catalyst having an oxide of netal 2

such as nol ybdenum ¢megRteAr EpgfbUM or the like
supported on a |large surface area support was found.

As the first exenplary metathesis reaction to use
catal yst, a nethod of obtaining ethylene and 2-butene

byrie metedidisiisvaactdon-S Hat ween FOPJ S
7 propyl ene using a catal yst ConprISIn ée§E §¥]produc1ng
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 which homologous or
heterologous‘olefins are reacted with each other to yield
olefins having different stfuctures, is highly beneficial
since the reaction ailows interconversion among 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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nol ybdenum oxi de supported on y-alum na, was
devel oped by Phillips Inc. in 1964. The
netathesis reaction is reversible, and thus there
exi sts an equilibrium conposition. The equilibrium 10
conposition of the reaction to obtain propylene from
et hyl ene and 2-butene becones nore advantageous in
propyl ene production as the tenperature is |ower;
therefore, lowering of the reaction tenperature by
i nprovenent of the catal yst “has been exam ned. Inter
A & R of ,using a catal yst 15 conpri sing
> ur?gst e%@g}%%g%ms’u&ﬁl&qs%&ndn réﬁel’{lc’:’&l &Fd teecd-ide Auported
af joBgnes i de. was _devel oped by Phillips Inc.,.
on And c%%r%ﬁ#&?%éhgﬁﬁﬁlﬁﬁ?9%¥$ 8@§hf%8ﬁﬁket@@ BAeL dfrivass
ghal, .l as .a process for propyl ene production.
exeﬁ%reQ aﬁfﬁgﬁpgﬁﬁf,%%gqiiopeﬁﬁTﬁgﬁ A tedPske. @ method of
bt4; 5 Pat ent. Docunent or Journal of _
obtiininer Sengdbh?, 8P ETens By S1ro%etogsys reaction
bet{;DNAR- cunment 1) that when a netathesis o
€ rgggtggésgg mgeﬁggtﬁ§P§H ©Bfd “S1BGt énEafFalyglr FeBpadsing

0C usi a fixed bed fl ow apparatus only in the
mol %gggﬁ@eoﬁFgg t4PRPY§EdoPnsiT 2 EENERPPOTA R e Tebepen by

phi PXi 4e, the ersion of butene is only 31% while
1m£eﬁ§n%8§és%ﬂnig§¥de is used in conbination as a
t.he conversion is enhanced to 67%

e B e 4 TR | 1 S s Lok v 400 o uFR e

Mbr eover,
; f. that in the, sanme netathesis reaction at
ext B R St P e Bmb P AT ng BB nesF i ot v
don alumna is is used, the conversion of
cen %ﬁ%ﬁ%é?sogh%%%c%%a?519%95°I?bFél%IEBOPEb%$@eEIPm USP
Pat ent cunent 3) that when a co-catal yst

, 884, 76
ethyrcieh R éﬁ%‘é‘h%%? OXGR BNES 107V 2R FRUMP Ry dt bxPERPY Lene

conpri si ng
orted on 7-alumna is used, the conversion of
proguteﬁégég% %?rﬁﬁmﬁ%ﬁ?ﬁﬁF?ol%e19%@€éﬂ&@%ﬁf%ﬁﬂuchowering
f tenperature of 270C. In fact, there are needed
© 14thjl%'}(/:\li%{e|at| eso%ﬁcceﬁn%%r‘?wié%’f? f UPRERECTRRE tPe Fhkecarlyst
to achi eve a reactjon tenperature of 270C in
has J e%%.r r‘?d‘uasf%lrr%eaﬁﬁ 151a1b‘}%% 2l fethed Rkiteng o2 | eakalyst

. tion. tenperature to a tenperature that is
complz 8 A T GOt S TIPSR Hhts i o G,

0 out 20QC. . . Furthernore, as an exanpl e of
catat vSvttt é%g‘raa?ﬁ?rs UM 3t idsh wast dsRalopaskitd dhineline Inc.,
- of .a tal yst c rising 20 rheni um oxi de
and FHEeRtY 31 R T e tehebopCamByetEp by nbtimus Global,

suppor
Fggn%ais du Petrole). This catalyst is capabl e of

Inc. g@dvi né’rﬁﬁgsﬁelfr&rhé’ﬁoé)yrl@é\ﬁ iRgrPcarctd areact i on
tﬁngeratute around roomtenperature, that is, under
pressSur P BUCELATY T 0k, 16sFRECATREqUBS PEB Noxt dr, 676, 575
et ene and 2-

(Patengy ocument 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

presence of a catalyst of silica-supported tungsten oxide,
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4 butene as the starting material, as described in
USP No. 4,795,734 (Patent Docunent 4). However, the
liquefied raw material and the reaction product have
low di ffusibility in the pores of the catalyst, and
thus deterioration of 5 catalyst activity is severe
conpared wth gas-phase reactions. In addition, since
it is not practical to purge the liquefied gas in
the reactor at every occurrence of regeneration in
order to regenerate the deactivated catalyst, a

. hg-hed ty reactor, systemin which the catal yst
theg?#@%%em@oﬁﬁemey Wt Awh T r It whekemasires ium
.of t:he fixed- bed, reactor system and conti nuously
OXLp ggén%erugieég HaSPEdM Oy fer). 2 HeresAta Litstiss the hod

d.nval ves conplicated installation and has
Conngrez:%lé)rIrls 1% ®PhEans5er &G KA - safety. 15 [ Patent
Dqﬁgggg%e%Patgnt Docunent [ Patent Docunent [ Patent
Docunent o1 2] 1S3fePartedspmgSPUBP- NG, 784PORE. (Bskent

, 905,975 4,754,098 4,884, 760 4, 795, 734
Doc%ﬁ%p%eﬁ?a%owngh? FPMFo TR LRSS IvbIreagitdon at 330°C,
wh Catah¥%éi, Vol . 28, p. 117 (1985) 20 DI SCLOSURE OF THE
CINVE yst compgipingnrgignestivsf ctidepseppotrted on y-

' ntion ta solve the above-nentioned probl ens of
alu#gégc6ﬁvgﬁﬁgongkﬁyC@g&fﬁﬁ%qﬂxgﬁ butene is enhanced to 75%.

It is also reported in USP 4,884,760 (Paterit Document 3)
that when a co-catalyst comprising magnesium oxide and
lithium hydroxide subported cn y-alumina is used, the
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 furnacé and the like in order to
.achieve a reaction 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 pressurized

conditions, using a liquefied mixture of ethylene and 2-
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5inthe related art, and thus to provide a process
of producing olefins through a netathesis reaction in
a practical |ow tenperature range, wherein the

catal ytic reactivity is inproved by allow ng

co- exi stence of hydrogen 5gas. The present

i nventors have studi ed extensively to solve such
probl enms, and as a result, they have found that with
regard to an olefin netathesis reaction using a

conventional |y known catalys? cont ai ni ng a net al
nmol ybdenum rheni um or

nt such_as_tungsten, r
ou BB e b e HeRRE F aar | oF EaRcBebRaEn oSS No.
c I0.a practical |ow tenperature range at an
4 S e Rl B e RBRnt bhot| BRVEREE: bhaol igie fied rau
mafggft er wth the catal yst, a conpound containing at

east ofR netal T ehent BEPeetEdf YR etedibiveinal bity in

of G oup (alkali_metals), Goup ha (alkaline earth
th%e?%ﬁ‘i’,o%a‘b‘ifp TR LREE G P Fhra deterborat ten ¥ st
cal b allomdq? ngdrogen gas to co-exist with the

STt i R &t S FoYeFeactmemredor et paes folease v,

with regard to a reaction between 20 ethyl ene and
e it be, Yhéddheitor sSHe ¥Fouhdl Rtatbiactical to purge

ssible to reduce hy-product such as pentene or
th@ﬁ&&éﬁbefsﬁﬁdc a8 e pridtfICRRG P Tadth t9GE Y e teararetae
qfrggylene,,this foundi ng having led to conpletion of
TEAMT A NEtiTorP R ¥2 FRAGREFREE| Yhealeabtévated catalyst,

That is, the aspect of the present invention relates
a "'toérlggﬁi’@éjeﬁp@f THRGHRE iy Sl idis Wi charthd ntedtyse can
b nmet at.hesi s _reaction i n which honmol ogous or
© FELLFONGYSEY BRétxa vy & Hondihed Iuwer ewcht otthéhet Eixed-

ield olefins having different 5 structures, using a

y .
‘bed.reacior s¥RternPRG AoNtdastousiy mesinesladventhas been

d sel ected fromtungsten, nolybdenum rhenium niobium
eSLgRedr unfioyanadr u%blﬁum%ﬂﬁq@nalﬂ%mnwmiwm diomml i cated
. smium and ni ckel, wherein the process enploys a :
lns%@ﬁ%ﬁﬁﬁBnc%ﬂ?ahﬁﬁn&rﬁplﬁéésﬂﬂoﬁ@en@pﬁta@ﬁ@meﬁtsafetya
se&ected fromthe netals of Goup la 10(al kal
SNt @sneat (bl KeFFdoeaft A7pebabs), Group lib

ﬁ?C}oup Il1la as a co-catalyst, together with

Fogat pcument 2 \ceef didg 407842098 esent
i nvention, olefins can be produced by netathesis
r dd@GGHs Baaumraniighd i @S RNandd 1884l 6@ti viti es at

| ow reacti on tenperatures that do not
[Patent Document 4] USP No. 4,795,734

me
an
hy

[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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require special facilities such as heating furnace or
the like, and al so butene contai ning butadi ene can be
used as a starting material. Thus, olefins can be
produced with significant advantages in the aspects
of safety, processing 20 and econom cs. The
net at hesi s catal yst used in the present invention
contains at |east one selected fromknown net al

el ements such as tungsten, nolybdenum rhenium

ni obi um tantalum vanadi um>” rut heni um rhodi um
ium nickel and 5 the |ike. Those having

. iridiu 0s
i ik rfglait\ﬁ Pire 3RMhgSteh, Eaor Sttt avde eermiaim
d .anong these, tungsten is particularly preferable.
Pr"%}ﬁ&@t@r GdEdre Soft R Eataamaha Thas ife zeasitipie in a
S bst%nge in the solid state having a conposition of
PLagiid8;: SOt itGEPRF Hiytrodide or vitrrdiitke hf @reflytic
tal,, or may conprise the netal oxides, sulfides,
rea”?r&f"&%ﬂ’d& aHB e d it addspbirtce o corexdrs tigtoregarfi dydrogen
conpound having | arge surface area, which is called a
9%Ssupport The catalyst is preferably in an oxide form
fromthe viewoint that when used in a fixed-bed flow
15T hR REG N ol A¥AREPYAL BAVEasabgsedcantbasively to solve
egenerated by calcining in an air atnosphere.
Sucéu%?ﬂ%%ﬁ%?e,a§ﬁnéé acirgisty tof thisy bapporfoungusbat with
undesirabl e_side reacti ons such as oligonerization of
regardf Fasaanalehen| mréathry ifatrercalonoushag ag acidity
can be 20 used for the support. Mre particularly, a
congepbbrirahhyi gounsgrtadwsar eandhindngRhgmet akpedeinsnt
referred, and preferred exanples thereof include
SUCR| 1§ cungs e uni el vbideanna ahdntibhe birkéhewilthkesi thea
bei ng sel ected as a suitable support particularly in

metythedot TRAGHEORarge barhade apemrotmethiis a8prasejical

t he amount of the supported netal with respect to the

lov SfBRRetiEe beanyn eerag dhdoxtdéallp shéfiangetofeaction

' 0.01% to 50% and nore preferably in the range of
ratgy biglsd mnost ot et helitbf t sappat &l pgt anaoxbdeouadong
t he above- 5 nmentioned netal conpounds, on a support
contiggyipy @ty lelagtheomethetsl kabsmenn shkeatéd fnomhehe
case of a netal nitrate or -hydroxide, or tungsten,
metads) pd&Femrorl & henl kil 1 anestbo) t e@roap al Yst (ke bme
obtai ned by inpregnating a support with an aqueous
eartyomgtieds ) pr Gvicdan bib umidhdsmoyw| YBEa dgs anhd Oco-catalyst,
i sopol yacid and an amoni um salt of a polyacid, or an
and gimsalghisal hystragen sopoltyacia-atishes s peed i earting
metals as the starting material, or drying by
mategyapsr dvromeaantd agal ci ning at a tenperature of 300C

or higher in an air atnosphere. 15For the support,

d@@m@r%@%¢iﬁia&éﬂ&abhﬂtbne&g@&m h® a reaction between
ethylene and 2-butene, the inventors have fouﬁd 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 wvaluable.
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used wi thout nodification, but it is also possible to
obtain a support as an oxide by neutralizing the
corresponding netal salt with base by a known met hod,
and cal cining the resulting hydroxide. 20Wen the
support is to be obtained froma correspondi ng netal
salt, it is also possible toenploy -a
co-precipitation method which sinmultaneously carries
out the synthesis of support and the supporting of
nmetal by allow ng co-existence of the netal salt

9 The shape of  the

mh%ﬁh becones the ca%al St.. .

Suppo tl?snﬁ%? PAPEFCUPhr FS I PREFRAT LR¥eRRjCBfrelates to

A SEhericaI shaﬁe,.cylinercaI shape, extruded shage )
PARGEEF uShelT SHEFe "y 6E10SelY FRETELRE 6Pt Remetathesis

e%rticle SO be sel ected in accordance wi th the

reagt 78 ot v ﬁ(éh?EﬁEngPgPHSt RE PEREECIPIOLEL OhftE-BS 180

rganF1 In.gﬁdition, En order,tg sol ubi lize the netal 7
caGFafett “LoRpolindtiGEntas Vi GhgsPeRI1RBI PBYERENf1Lferent

‘ rhenium nipbium tantalum vanadium ruthenium

SEIPRLAT SR VP17 uih COSALUAT oFCRRBIPERE PR AR28EgaRECMetal

l.solventl t he cgtalyst may be a 10 conplex catalyst
eLeRt PR ARt BR ghAPE ABPEEHRE / c AIAledPdanylind Sherdsiuediobiun,

fant the catalyst. Further, in order to facilitate the
ANt 3P erVARASSERh ERFAEYERT, { HROGHRBI ek &8l uhy sesHayn and
. _be supported on a support. The co-catalyst to be used
nlc%éﬁtt&ﬁ%ﬁ%&&wﬁh?ng€ﬂF?%ﬁ 9BP LRYiE af NSOBPOVRASEORPRIIINg at
1 netal elenent selected fromthe netals of Goup |la
ea35904 iMShethlg)erer bupe hectad khr PRetarpat ks ap§)Group Ia
Goup lih and Goup Illa, and as the specific kind of
(alkqle Matal Sl effRul neht | bl kalide sadeh oretalsl urfroup
sodj um ot assi um cesi um magnesi um cal ci um
TID Af9% 5 Ib%% W 20ceTFREalY S upPgsEhehevltikdhydrogen

gas.

According to.the present invention, olefins can be
producéd by metathesis reactions with high yields and
selectivities at low reaction temperatures that deo not
require special facilities such as heating furnace or the
liké, 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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USP No. 4,575,575, USP No. 4, 754,098 and USP No.
4,884,760, all issued to Phillips Inc., describe
co-cat al ysts cont ai ni ng magnesi um oxi de, but
magnesi um oxi de i s not necessarily essential in the

present invention, and 10 [|ithium sodium and
potassium are nentioned to be nore preferred in the
aspect of activity. -The netal compound to be

used as the co-catal yst may 9e a sinple substance in
the solid state having a conposition 5 of oxide,
hy dgoxXi ' e..acetate or the like, or may, ,
conpr | sﬁ&oan%%%ﬁ!t hese het al Ueofptunde dftsaHi ngrvention
@&not her onpound, that is, conposi t e oxi de
Cosucﬁggsaﬂi%g%'glgg?es?%eﬁgﬁghffﬂ@ak%% PRl oxd geents
oA ' d magnesium form a. |l ayered conpound, or
"Ua s%% %%%Xg%% |’onm%?ynli§e%'lnﬂm ﬁg]ﬁ?b%?'den%l%gn%%mwumr
' rnativel he co;catal yst may conpri se
Va’?ﬁ%ﬁ%’, A%:%%peo%]‘%né’ SR T S b, O F ¥9Bt dickel and
theCglal es the like aof.these netals supported on an
Faeales fose %avdlrf‘%&?h%hl%?‘gjewsw feHGe S ch

I norgani ¢ compoun

[ e S art. 15Since acidity of the support
mol aljfs‘,eg{sdmuga %Isirrlﬂg B oaé“# R Drd & feh taggsten is

Qlyi i.zati of olefins and the |ike, any materi al
parn&fgﬁggﬁﬁéPﬁfﬁ%??§ﬂ§Ven after havi ng supported netal
netal s), G oup

el n of . G oup_lI al kal i ha

(aﬁg% %ﬁ‘éu%%’?%ﬁ ﬁét gP%) cagadyist MBYaRE & 6BPPLEI subghance
: 2 sed for the support. Mre particularly, a
in Bfe2%0 lﬁa?Fﬁﬁea §EPP§E€'éF@gxﬁFiﬂ@nnﬁﬁgO@ﬂf%br@Ulfide

suppor
Ls-preferr nd preferred exanpl es thereof include
hydE8xPUE & 0, JRehokl Rekh FOLt e NP CoRPER co- the

e BT i B habvhs Srairige sr Gbe aiés. sogported on
an B PP ulpphrp bt Jrsca orpreperAbRe b labos
c2L{e8 8 kERREET o CRFaBe0R LxPam AURT aRGTRRBHEShUAT PRide
formh B TPF V1 0bbor thnky“ben PACRotee of Lstidbodl Alow
readdil 9% 00,0, 156 Lo 50% and rore proferably i he
vai | abl e ones. can_ be used w t hout nodification,

cal ut i i Hl SO pdsSTePR 6 obt ai n 10 a support as an
o§ia§hb basifyLn%E%he_COfreSponding netal salt by a
kROWT ElR6E, G SSalRG i iy the hes Hupomy thychusd Te.

undesirable side reactions such as oligomerization of
olefins and the like, any material not 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 therecf 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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The method of supporting an oxide, anong the
above-nenti oned netal conpounds, on a support nay be
any of the 15 nethods known in the art, and a
supported catal yst can be obtained by inpregnating a
support with an aqueous solution of a nitrate or :
hydr oxi de of a netal or with an aqueous suspensi on of
an oxide, or drying by evaporation, and cal ci ning at
a tenperature of 300C or higher in an air 20

envi ronnent . When the Support is to be obtained
i s al so possible

feom@. c ongdi netal salt, it is ¢
“?%o enp 6§&%ﬁ§gf%$é€$%i?Q?P%ﬁgﬁgtﬂ%HthV%ﬁh_reSPECt to the
i t sly. carries out the synthesis of 12
Su%%%%%ﬁﬁﬂgn ’tﬁéléﬁ%ﬁg?t? g°%$gﬁetéP Bye aFegengt 0.01% to
salt which becones the

50£0-.6X ce of-th tal i
%O.e[rérﬁ)ereghea PheEReppoReei QL bt 1% to 20%.

cat al yst
parti.cularly Lim ted, and any of spherical shape,
cyF?lﬁdﬁeggPMsﬁgpéflp@ftr%dﬂ@d %7 raRghosYl Hed adtvaise
d., The size of the particle also may be
me%ﬁﬁ%ﬁ%%géﬁﬁlagaﬁaﬁﬂﬂﬁfMwqq]%iﬁ?@ﬁ%ﬁ¥(ﬁaXtﬁﬁrQ§ﬁnQﬁ the
[ range of .0.01 nmto 100 mm Furthernore, when
meeﬁgganfgp EBnbPesittd a et diN%l ERshtofs e met]l nitrate or

] en or the |ike supported on a support and a 10
hydi%%g?:em vt tEBﬁﬁFF’&im&‘OﬁY#&%u@Ww & supported

i magnesj um,or the |ike supported on a support
Catégg’sﬁgle:a“i ec8§%FﬁB€FﬁoR>’ PTG SN e SSBREOTL withh an

i.mul tanepusly support. the netal el enment such as
aqu%aﬁgs 8gugf0?h%rpgggegn@ytH@l@@télP@ﬂéﬁ@ﬁﬁ+s@@h as
: odi magnesi um or the like. 15The anpunt of the
lsoégg?{%@a?yi‘?dmﬁ hAPESReET Fglthefcat abysacidy lbe amy

t between 0.1 to 20, but when the amount is
arm8iIPAH 5oLy yogn%ﬁll 1SPRelyprde; oéf thedirrgrhydiogemeitals as

n hi bited, whjle when the anount is excessively
the, %‘?agg%(l%em?%‘%%a%f PRe ¥t BPYBY P¥apedatédn,wenH the
cal éigit .20 relative to the added amounts of the

T Taralystt dhd THE T AR aPys80Belfngr| biwhed. iThes, ait
atm$§ not preferable. Further, when the fixed-bed fl ow
aﬁﬁ ratus is to be packed with the catal yst, as
described in the Journal of Mlecular Catalysis, Vol.
28 p. - "E17UPREBEY, G iA st il el e enes can be

used without modification, but it is also possible to obtain
a support as an oxide by neutralizing the éorresponding
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 simultanecusly carries out the synthesis of
support and the supporting of metal by allowing co-~existence

of the metal salt which becomes the catalyst.
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13 catal yst may be physically m xed and.packed, or
the co-catal yst and the catal yst may be packed in the
descri bed order fromthe side closer to the direction
of raw material feeding.Mention may be al so nmade of a
nmet hod of conbining 5 the above. The hydrogen added
to the reaction is usually continuously supplied in

t he gas phase, but the supplying nmethod is not
particularly Iimted thereto, The hydrogen gas may be
supplied intermttently such that the hydrogen 10 gas

I sqhnithally added at the beginning of .the reaction,
th§%%U%%% eig%sggfbﬁ%%%F?ﬁ¥ ﬁ%%nga o CudRd Laf ddmiged,
, ine | th of tinme, the hydrogen gas is supplied
ancgggar%yﬁ ,&o rs‘\:f:’l%(\r%rtlhce&l Tadelst £Y $ %‘Eé‘ﬂlg‘ﬁ'ﬂasgsélar@actei%&uc’(%

r a be di ssolved in a solvent and
sh upﬁlqgi:g:.r%lszle FEART & ftededs (e midoddn tdes
vered fromthe taop of the tower together with the
paxtdcle -aﬁ%r?g 54 R e ey BETHPGeed it Gheastize of

| ow Dboi

e i,.f _the hydrogen gas.uysed for the reduction
thel ESACHSRt 10t “Phie Feals Y&k B SQudéd 18-t he

react or .as. resi dual drogen upon_nitrogen purge, the

ef?%c?d% é%%%1nbn2@raéﬂr5 efnBhE 41 pe 5%§em@éé i Alement

beginning, but the activity would be gradually
Com¥§&é9e gg nge FHEPS e  nGofyesisnafippirpest Uy dpdgaa um,
tan? Entuall% &he reactkon,results becom ng the sane as
at 'of 'EHRYtHBe GHEPETAYEY 0gERIGHE | $TASLURddeaMiumgor

theTEEE the sustai ned effect as obtained by the present
i hUERt T BN RaRhSERhE SQpEENEd. thRecpFadyakemay bhea

hydr ogen added i s generally equal . to the pressure
com %e}t(h at3 ?%r”fhﬁﬁglflhénppégéli}ﬂé mayepals cabea ligand
. .appropriately varied in accordance with the nethod of
18 ?é%ﬁ%@é%oéﬁb | 52 CFh¥Shmpuftireherneinyardgentgasacblbeate
theagged S W?en the calculation for the raw naterials

5" B SOhpth et Tl FRE2FBAEL oFNEsCHBRBER NCE bR hESBfmay be

gas .1 to 80% by volunme, 10 preferably 0.2 to 50%
Supé%F?ﬁéﬁﬁﬂaa(ﬁuRQQF?otal gas amount. Wien the amount

o& hydro%en IS | ess than the |ower limt of
he’ co~Tatalyst to be used in the present invention

contains at least one metal element selected from the metals

of Group Ia (alkali metalé}; Group Ila (alkaline earth

_ mgtals), Group ITIb and Group IIIa, and as the specific kind

Qf.the metal elenient, mention may be made of iithium, 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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the range, the effect of addition may not be
exhi bited, while when the anmount of hydrogen is
excessively large, the partial pressure of the raw
material olefins may be | owered, 15 or the
hydr ogenati.on reaction.of the ol efins may :
si mul taneously occur. Thus, it is not preferable. The
structure of the olefin to be used in the netathesis
reaction according to the invention is not
particularly linmted, but i hAOthe case of being used
. for the 20 purpose of inproving the olefin balance in
Lithiiih £ QG HEk et Y PHea Tt dt Huss snehtehen apphé ewoto
| ower ol efins. Exanples of the olefins that can be
'pretﬁeetoteéis Theshave peer ief amdithieyol efins that can be
obt ai ned i ncl ude propyl ene from et hyl ene and
2- biteREL 23r R dan® bebusere d dmeetdyieralast Ray be

~ 15 pentene, propylene and 1-pentene from ethyl ene and
a3’ S3Mpdsee R SHrBIRA e HiRl acslobﬁtséﬁetef rlomy etdryd emm@npaned tion
2- et hyl - 2-but ene, propyl ene and 3-net hyl -1 -butene

of prdfitet IycERE gy Midatdtd, 1 asmitatie, canthe hel ké kar may
Further, since the reaction is a 5 reversible
COMPEAEL] ORE e thaas setedacoimpsirods tdwen texdanipld faredther
reactions are also effective. These raw materials for
metpdaEPpRUptef &bl yi soomsicompofs idlefdansiomuch bt
al kanes such as net hane, ethane, propane, n-butane,
hydrgbphcahe, ipemhand, thexanepand ittre dyideamyf ke ut@num and
al so contained. Further, term nal olefins such as :
TAagREeHHEBNEC T peAbgeaedl Chapenadandt e ddlkel nmiutdon of
contained in any anounts because they are isonerized
alupgnymt expde ehef magney ibaspeide-cattdltystrst ithey, the co-
i sobut ene which co-exists in the case of obtaining
catplvpy| BAE £PBRTSSybendeandclrpatsane 1hirdeact hydirbkides,
t he produced propyl ene to give 2-nethyl -2-butene, and

Nit¥HueSi tacetadbesdesi thbl éika blie taspectesfaly elgported on

However, since isobutene does not adversely affect
an }HI §Eatti epmpenndehavtingayabgec ontrdianed aireaanyhich is
. _ampunt. The activity of the netathesis catal yst used
called thes@oPontention is notably inpaired by noisture,:

carbon di oxi de, _
Since acidity of the support causes undesirable side

reactions such as oligomerization of olefins and the like,
any maferial not having acidity even after having supported
metal elements of Group Ia (alkali metals), Group Iia
{(alkaline earth metals), Group IIb and Group IIIa can be
used for the support. More particularly, a support having a
surface area of iO nF/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 aé

a support in view of having large surface area.



10

15

20

mer capt o conpounds, -al cohol s and car bonyl conpounds,
as is the sane wwth the known art, thus inpurities in
the raw materials needed to be renoved. The net hod of
renoving the 16 inpurities may be any of known
“met hods such as distillation, adsorption, extraction,
washi ng and the |ike. When the invention is
i npl enmented by using two-or nore olefins as the raw
materials, the anbunts of the olefins 5 used with
respect to each other (weightl ratio) are not .
particularly limted, but Wwhen one of the olefins is
Pagthyibmelyiin isieiesdf abhent oaliset st hylepe j-mlexcess.is a
For exanple, in the case of a reaction for obtaining
PIrofepyt@nsuirom et hijt ehe ahso 2pbefers;ld heo PIOPO-E1oRmina
of ethylene with 10 respect to 2-butene is preferably
ang) MAYRESOIN ¥ deorier prefleimbt jomboutd Ed toe i Mherpsite
the proportion of ethylene is small, undesirable
OX 4@l chidbarune émnch itagiee ahan but Bngldccurasey,  the amount
addi tion, while when the proportion of ethylene is-
of dfesinpsInEacamyd;al el eneragpeayuia ehd oruggrert may be,
. recovery of 15 unreacted ethyl ene increases, and the
1n iegamspfolt e ideactior titesetdnghoul d 0449 ner eaggd.andhere
- two or nore olefins are.used, the olefin of |arger
Pregregpdriyi om iy beradded 4 tidgetcheér03at the sane tine,
or may be supplied in parts through an opening for
f eBArnghpr svppledti ncohmereaafldy ataalablbabheaycan be
position, in addition to the inlet of the reactor.
usePheitdguti nadi énpertdtour,e Hut altsd snaefl spapbiseuldr Yo obtain
l[imted in the invention, but the tenperature is
a sppepPetabbyainokheer aygdacfi f00¢t ahB0QCr rartomieg metal
preferably in the range of 130 to 350C. Wen the
saltehyt Roknpenpeethode esid Falextrienekyiel ewsutlheng
reaction rate is |l owered, and the productivity of the

- hydresédfen product is decreased. On the other hand,

when the reaction tenperature is extrenely high,

undesineifiad sifdesumpettbng ascoxide, | AGELGSENS] &eove~

products 5 or to deteriorate the catalyst, and thus .
meniioned mptt@bomompoahds, 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 agueous solution
of a nitrate or hydroxide of a metal or with an agueous
suspension of an oxide, or drying by evaporation, and
calcining at a temperature of 300°C or higher 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
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The reaction can be carried out in any of the states
of reduced pressure, application of pressure and

at nospheric pressure. Fromthe viewpoint of reaction
efficiency 10(reaction efficiency per unit vol une),
it is not desirable to carry out the reaction at an
excessively |l ow pressure. Typically, the preferred
pressure is in the range of 0.1 to 200 atnospheres,
and nore preferably in the E?nge of 0.5 to 100

at nospheres. O course, the“fnvention is not limted
When the invention

{ .
ol LIS PLISS [BI00% peray MO LTS T IOD

=3
I's"carrie
ticularly.limted. However, for exanple, in the
ot Etgjgee mvﬁw{éafle S%/ar}éc rwé%i’cc(ijrf'o%e?%m%%r?}?%dm&ﬂlyuﬁ ng a -

fi -hed flo par atus, the val ue obtai ned by
di ?)uﬁ iﬁéaaa ?\ﬁle%gﬁoﬁﬁtpp&rtré\ﬁ mete PRALS Cabppilved ipéted,

haur. y eight) hy the weight of only the catal yst

a“dc%ﬁl ai%%i ﬁ&hgﬁﬁﬁﬁger?flﬁp%ékﬁwrwatlhémaa%cmﬂ:m@ied
shable %%gcatak§étL‘that I s, as expressed as WHSV, is
ér eferablyeiid REaPsJE HPo WED00Ghs, i@ wir dhe

e range of 2 to 1000/ h. When the 18

g Iy i
- par@\ﬁé@%{ 393§Cr@§¥f E’@I FEHG L thd 1t cgereansretiifptogusdde of

theiggug S_a,successive netathesis reaction, thereby
prodacPhgtlintBsi FaBge §54& -Hlodmcts, 1RRi Ma-when t he
V i.s excessively high, a sufficient reaction

gﬁ#ﬁ&ﬁ§ﬁ§ﬂwnganﬁng ea5cgg§éyﬁ§dgomprisym@natm@tal element
invention is to be inplemented, it is also possible

- SUCR AT PYITHEN tPE FBECLER PHPROATEdt ed 8t avepbyt and a

Co_gddi£g a solvent or gas that is inert to the catalyst
Ahd TERgen TP T IEihe reBetrdncdpaeam sspbchfi satiiym,
ma ﬁhe.above- 10 nmenti oned al kanes such as net hane,
IETHEAR, O pridpankt kpub dRBOARED BB Ri RepPrOrti aeet ugadesn
comuch as nitrogen, heliumand the Iike can be used as
FHE Wi Perine kindypEnthReSHAVERt| BAY | simbalbaneously
su qu{ngnted, the invention can be carried out in any
PESH Yt He D TR prokb®8en t t ABCRehf - LUBIHege hopr beestikhadand
the thﬁjﬁgntinuous fl ow process. Further, the reaction
it e HITEEarTiEy dut SPRLERy BRIReRIUN qui dtiphabike.
tEg gas Ehase and the gas-I|iquid m xed phase.
PrefefaBRYt PE it&e &ummrdidets & et ht e speandt iton tite
c ﬁarried og%fin t he gas phase fromthe vi ewpoi nt of
catalgst gy Bff PRive P UThedigvesn af ykttpadki fgutodesn the
t hat can be used includes various nodes such as fixed
amouplq 1St FHCEFeH SHeU Siakheridet Sk ctstefyediding thjmbgen
.~ and the like, and the reaction may be carried out in
1S Dghy e§PiPRésE  nodeisle vigen the ampentthe eeaetidamelyh@arge,
reacti on products can be separated and recovered from
the rakipapal géﬁscéﬁélﬂﬁe‘t |3i sk er djua e don owirt bs erpraer atdtainri ty
nmet hod. The targeted product ol efins are separated
relative thetheardisd mincunts mf &Henoatatethodsliathe 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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5 as distillation, extraction, adsorption or the

i ke, and unreacted raw materials can be recovered
and reused by recycling to the reaction system

When .the invention is to be inplenented, it is
desired to use the catal yst and co-catal yst after
dehydrating them 10 by known nethods. In the case of
fi xed-bed reaction node, the catal yst and co-catal yst
may be maintained in a reacﬁﬁr at a tenperature of

300C or higher for 10 or -no m nutes, while flow ng
an_inert heliumor the |ike

' as such as nitrogen
cal A1 gV HEEY R iws Y amweah%d thrciRdalonsthe co-
el enment_contained in the catalyst is tungsten or
Ca%%fk}%%e%&fﬁqnt% tET el St MY nfg® tiRC ke alTy stheaarmte atiei bed
Or&g-q@talyﬁi in the reactor, the catalyst may be :
Stbj Tt 1% H9%efi@ith &9 cebdrehtrett farowiihgawm material
duci ng .gas .such as carbon nonoxi de or hydrogen at a

I
fe‘?cgl T at U OPRBIGE & Mighermadr 9D al@egharprad combining

and subsequently to a treatnent of flow ng

' théﬁggg§e’
S'nert gas at a tenperature of 300C or higher

I man
10_or, nore m nutes, and the catalyst nmay be

fo
na&ﬁ?apﬁgﬁoﬁ?naaﬁg%ﬁeF@rﬁhﬁe&eﬁééépnoﬁstéﬁpéi&yure.

comn i.nce the present reaction is characterized in
PHRg Yt REPES1ESi dheftbe ofes Zhaspdr bgénthehempplying

' metﬁ§gro en is used in the reduction treatnment, the used

r dgeRCOay2FEMaRASEA Yt Rémidact dhergien t Abecatyalrpsten
-actithy IS deteriorated over a certain period of
Ja5; ¥, PPheUERL AP Ysintarmpé teagdme sachdthetsthecbyarogen
the catalyst activity. In general, the olefin
9aSadSorBebl®hi Y hadeadapysthies begigadngi b hher ogentdas, the
d the catalyst is oxidized with air or

a
Supﬂ?%’r biefivertitied hirthe aeeeimderat and aft800€ ocertain
1 hiﬁher. Wien the netal is tungsten or nol ybdenum the
engLf aPystitan Hee shivfeeren, gapt é6 $0pphéedxadatnpnprt dn
th reduction with a reducing-gas such as hydrogen or .
© G PO hohokd Gl drehzsm bearsieed. the hydtongendgestmay be
i qg{ntain the olefin output, two or three reactors nay
153 ay et S tRiral3rd |, supplaeder r Jr go- recydl @odectas s,
th gﬁ;{h whil e one of the reactors is being regenerated
€ HOG WS GIRCUrea® Feamt bhe awe obetlt edower
carzﬁ out the netathesis reaction nmay be adopted.- )
togqrfiathet it &hawerr tiel bingeprhinge freationspatweofsupplied. -
the reactors may be connected in series to reduce the
At l@agd-udtiesn difn titee hotsnaen Wen téed reactiton teduction
carried out in a fluidized-bed flow reaction 20 node
treadment &imbhien galsed wedacits om tootbycead |t @rciparteaft dhess
.catalyst is withdrawmm fromthe reactor continuously
resighailntyrrogeentippn aid rogsor rpsponding: amisdt off theiing
catal yst can be supplenented to maintain the activity
hydrggea wenidi hel ebekrved 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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21 , In a suspended-bed node for a batch or
conti nuous reaction, the catalyst is |ikew se
separated and recovered, and if necessary,
regenerated to be used again. EXAVPLES [ Exanpl e 1]
0.83 g of ammoni um net atungstate (Sigma-Aldrich
Corporate) was dissolved in 100 M of distilled
‘water, and 5 10 g of silica gel Q10 available from
Fuji Silysia Chem cal Ltd. (%urface area 300 n2/g,
pore volune 1 m /g, and 150 o 500 gnm was suspended
: er.gei Lth stirri ~at roomtenperature for 30
Th%$hu ég.g%ﬁ%%%ﬁ%ﬂn??%?cﬁa?%rOVE§1899pBYaF%§ BFESEHE an
- orator. The resulting white solid 15 was cal ci ned
lnﬁgn ej'fchgnC%Ii]rPOEt s‘f)ﬁ%‘?‘ét%?' 550C for 6 hours. The
obt.ai ned cat al yst s referred to as WQ-10. 2 of
vdf%eaﬁ’&ef%rgey &t mﬁ@tﬁ SHATQR (A5 iGhefremally equal
tol %ysg&¥ Co., Ltd., Kyowaad 500, 500 gm) were
physiFCA T3P XdU Gt K i oAt rehe toFe smibtd denu ke
ap @% §U%t qgvin an external 20 dianmeter of 12 nm and a
Hehgr R O 40 Tm S hi th 2HE 1RGSR bok t O gretiled of
eact or _packed with alum na balls. The resulting
hy#ﬁ? @POFL&E’3Used as a butene purifying tower. Next,
of hydrotalcite were '

O.% % of 10 ang 0.3 ¢
phyBT calPYHi REd tARd PEHEREEPa03EN& e &t @ddef &S, when the

rcalreiﬁéor %2 manuf act ured by SUS, having an externa
Grafst8r SPT1E M mTRNd ME HediGts dfo 3¢ AHPRAiited thoe thep -

reaagd bottﬁh1of,the react or packed with a-al um na
baPFsISTHENPedl tHEfg s @dc 96 ek luded 88 v sadume.
m.n_of nitrogen gas at anbi ent pressure was

50 /
pre RRaBIYI R 2r b SHE Do Vo vt cERcTay ot the gaount .

Whegx%%in fromthe bottomof the reactor was fl owed
" ntd%t ABCBGEeRE PYRTPYRRgiBowEE S thmnt idedomem Lomit of

thethentop, m@ilg the tenperatures of the reactor and
t F %%teﬁ% pﬁ fF§Fn8ft6@€ﬂtlon may not be exhibited,
while whén 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 odcu;. 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 fof 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

qlefins that can be obtained include propylene from ethylene

and Z2-butene, propylene and l-butene from ethylene and 2-
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10 were all elevated to 550C and maintained for 1
hour. Subsequently, a gas m xture forned by addi ng 50
m/mn of hydrogen gas at anbient pressure to 50
m/mn of nitrogen gas at anbient pressure was fl owed
at the sane tenperature for 30 mnutes. Wile filow ng
again 50 m/mn of nitrogen 15 gas at anbi ent
pressure, the butene purifying tower was cooled to
50C, and the reactor was cool ed to 250C
Tr ans- 2- but ene (9996purity,]#ékachiho Chem ca
I ndustri al ., Ltd.) _gas distilled over y-alum na
PERETHEY o) CBHERT EaPNE0 1 -PERY CleNKHPI3 2  hiydEore 2nde 2w xene,
flowed into the 20 butene purifying tower fromthe
prBBF}f%ﬁweaﬁnﬁnﬁﬁ@thltﬁfl@sga% gthyleapeast 2-Bethyii-A-butene,
_The_purified_trans-2-butene obtained fromthe top was -
Pr%B%EH@daWt A~ReRpY éne-PREENGas roBdeahvasbeeand 4-methyl-
1_§ée§sure at a rate of 6.1 nm/mn and hydrogen that
SLPRY afPdAnbhent i ke esshrethera parecoth@Orabtfion is a
and .2% the m xture was fed to the reactor fromthe
reYShS Rt E heC et PhasEhe Thevgase ntreaE 2onbt af nele f r om
t he pottom of the reactor was anal yzed on-1line by gas
X FYrEpAft i Bas carone i tre ebfpokivéon taken 3
hours after the reaction 5 initiation, the butene
corVERsi FRvc B¢ @rdtde By dethrsttiing (e feotadll ammurdist of
of, trans-2-butene, cis-2-butene and 1- butene in the
olefdfsionhe it elkane sueh ampumetiinsuppthed:, propane,
trans-2- butene was 75% The propyl ene selectivity at

- n-hyfiang e Bugedon Hsuttene wadwe e Semng el bilenahdy be

anmount of pentene 10 was generated in addition. :
alsg, e infdopakel iids iye fermatigth  ogletfers witdh as 1-butene,
propyl ene, and the rati o of propane/ propyl ene was
1-PgrggHe  THe heegr Gmdvah o drithremagarkre ebroutidfeal in any
anot her 12 hours, but no decrease in the conversion
AMORRE SobSEANES. thEvarmyke 12DmESTived eactiore mas. cdrafiets by
Qut in the sane manner as in Exanple 1, except that
basifiecansanelyrtehe APEr dgobuganeatvian ent-epriessurien the
fed to the reactor was 5 m/mn. The butene
casgoffePbiaandprarnerybgnandiryr rglengasnat 2t-hetene
outl et taken 3 hours after the reaction initiation
reaghs vsod zheTheogioed enryelent i W tyiwe PhbsthiDe2-butene,
based on butene was 98% and a small anount of
and peiigndt whs pehedasédabheaddi thenasberthett, ypeogane
was generated together with propylene, and the ratio
Howgfepr ophnes pt opylieaee wdec6. 0094 adVhe seegchifdacwashe24
“further carried out for another 12 hours, but no
reagfee@dRer i $e4 hit coayebsi oonwasnehsenvedy kiExanple 3]
The reaction was carried out in the sane manner as in
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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5 Exanple 1, except that the amount of the hydrogen
gas at anbient pressure fed to the reactor was 2
m /mn. The butene conversion obtai ned by anal yzi ng
the gas at the outlet taken 3 hours after the
reaction initiation was 75% The propyl ene
selectivity at this tinme based on butene was 10 98%
and a snmall anmount of pentene was generated in
addition. Further, propane was generated together
mﬁth propylene and the ratil® of propane/ propyl ene
0063. The reaction was further carried out for
lm%HBfﬁé?S1@aﬁo%?sanwupfnéndwar@a§60dﬁ thehcenvetsiodhlation,
qlas observed. - 15[ Exanpl e 4] The reacti.on was
adzQrpi &g ouR* F PR EhéCBanEamhinegr and theExahple 3,
exc t that the tenperature of the reactor was set at
lenT e Jineiea! Rty eF i ove bisten netl thy @ity ziwg dhewore
s at the outlet taken 3 hours after the reaction 20
ol BT T o $va2 w596 t Fhidaps oppyhenensehest 6 i te ab 14 hirss
nme, based on butene was 98% and a small anount of
us‘if#erﬂje e i@EPefeherat @ach notldelr t (weigiFurtdeto) psopanst
enerated together with propylene, and the ratio
Pa%fflfﬁ% arte/lgipid dn o wiaswie 0082 - dhet lieas d i svass
further carrled out for 25 another 12 hours, but no

etigecreasd i rist e Somielsion wes ofiserered. i Tablasd] For
Propyl ene synthesis reaction perfornmed using WQ 10

eXagiRd <5 Hyditdealceisce Bk anpten Reast | i Tamerainy & DWene
Rat e of . Hydrogen Butene Conversion Propyl ene

fro@eﬁ@@ﬁiﬁpﬁyaPﬂoéhﬁnﬁxﬁﬁnpyﬂ&nqmoport1on of ethylene with

respect to 2-butene is preferably 0.1 to 50 and more
preferably about 0.5 to 5. When the proportlon 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
unreacted ethylene increases, and the size of the reactor
itself should be increased. When two or more olefins are
used, the olefin of larger proportién 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 positioﬁ,-in addition to the inlet of the reactor.

The reaction temperature_is also‘not particularly
limitéq 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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1 250C 20 M/ mn 75%97% 0.085 2 250C 5 mM/mn 75%
98% 0. 0094 3 250C 2 mM/mn 75% 98% 0. 0063 4 200C 2

m/mn

17
extremely low, the reaction rate is lowered, and the
productivity of the reaction product is decreased. On the
other hand, when the reaction tempe&ature is extremely high,
undesirabie side reactions occur to increase side products
or to deteriorate the catalyst, and thus it is not
economical.

The reaction can be carried out in any of the stétes of
reduced pressure, application of pressure and atmospheric
pressure. From the viewpoint of reaction efficiency
(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. Of course, the invention is not limited by
these pressure ranges. |

Wheﬁ the invention is carried out, the ‘amount of
catalyst used is not partidularly limited. Bowever, for
example, in the casé where the reactioﬁ is carried out using
a‘fixed-bed flowrapparatus, the valus obtaiﬁed 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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75% 98% 0. 0032 [ Exanpl e 5] The reaction was
carried out in the sanme manner as in Exanple 3,

except that the kind of the co-catal yst packed in the
react or was changed to magnesi um oxi de (Kyowa

Chem cal 10 Industry Co., Ltd., Kyowamag 150,
classified to 150 to 500 pm after conpression
nol di ng). The butene conversi on obtai ned by anal yzi ng
the gas at the outlet taken 3 hours after the

reaction initiati on was 78%58 The propyl ene
WHS?el.ectivity,at this tinme based on butene was 98% and
15 SHEFESANSdMt 16 péiite @ T@gs eglendedtiad virpduced
. _@ddition. Further, propane was generated together
0ARCER Br SPGrLERE L vanatthd heatiiso TeR cpiepanshprepyl preducing
was 0, 011. The reaction was further carried out for.
undgRhraRL €15 1A5UPS OGt Sno Viléd rerbeni Kheh#HSENver si on
: was, observed. 20[ Exanple 6 26 The reaction
CXCHAEIERGIYi B49But & AUfhécignt wapmAsioascpnvBxanphecsnnot be
btexoggt that the tenperature of the reactor was set at
OCL3HBE - The but ene conversion obtai ned by anal yzing the
ga%{at the outlet taken 3 hours after the reaction 5
i ATShthieh Jeeryghen The o dpy| omel ereteiotd vity ot dhis
tjme based on butene was 98% and a small anount of
POSHEN @ Ne® VBRI jepE athd reaatueti bn. a Faitheed prapaney
‘was generated together with propylene, and the ratio
addig9 gt cpael opy| @ae tWast 01 90B%er Thieo react covaast and
further carried out for 10 another 12 hours, but no
reaqiitredde Ghe tiracbhvrrsyoremas dbset fiechl ] Exarpt ealfdve-
The reaction was carried out in the sane manner as in
mentpongs} @ lkanse epich s ndigdiad ofhathe, qoromied yButane
packed in 15 the reactor was changed to cal ci um oxi de
and gk d 1Pgve Ehamiert JavkstIids, a4 trdi t rajassifé e oind
150 to 500 ismafter conpression nolding). The butene

the ddkgersirokeomsschets Bheardi yminty. t he gas at the
outlet taken 1 hour after the reaction initiation was

7§@§nTﬁ@ep@§§§p§§@nséﬁe¢pib@tym@ﬂemented, the inventicn
can be carried out in any of the batch process; the semi-
batch process and the continucus flow process. Further, the
reaction can be aléo carried out in any of the liguid phase,
the gas phase and the gas-liquid mixed phase. Preferably,
it is recommended that the reaction is éarried 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; sﬁspended bed,
staged fixed bed and the like, and the reaction may be

carried out in any of these modes.
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: éfo ta 500 ismafter calcining at 550C t he
25 Pt

20 this tinme based on butene was 98% and a smal |
anount of pentene was generated in addition. Further,
propane was generated together with propyl ene, and
the ratio of propane/propyl ene was 0.020. [Exanple 8]
27 The reaction was carried out in the sane
manner as in Exanple 7, except that the tenperature
of the reactor was set at 200C. The butene conversion
obt ai ned by anal yzing the gﬁls at the outlet taken 1
hour after the reaction 5 imitiation was 76% The

pr | ene selectivijty at this tine based on butene

wa %BQ% Hifd et P2 andimt T A petit e diagt s gerrerr ed

in_addition. Further, propane was generated together
SERFTH- T oyt SFRECURHCEher Pl F o8 ofaprbpake/ prpyhentike by a
pdas 0. 0093., 10[ Exanpl e QJ% _ The reaction was
N TSP R LG PRkD Qe Fapnkrrasted Pxedpre glefins are

except that the kind of the co-catal yst packed in the
Sel?ae%act?ecﬁ et AP gERP € 6L 9 t R XFMBRi e ¢ ckagen fhethed such
it bt HerF abomy @ ¢eo el @4 o ofhet 1ikeum and
nitrate to aqueous ammoni a, and conpression
Un LA SR - AT St IeheS <oty 751 BrC o 26 thethdyransed 2ing
the gas at the outlet taken 3 hours after the
TeG¥Eadi%ra file tgasH s svkerThe propyl ene
sel ectivity at this tinme based on butene was 98% and
- a YREN| thRolnveptizo gentendendsndemenaesd it is desired
‘addition. Further, propane was generated together
to WSEh thropiteds s tardd e Tcitiad wift mridpanelginopyd teitey them
was 0.0024. The reaction was further carried out for :

by kReWReRetDoRsur s Inbihen ¢ adiec radasel sedl-thwel cora@risimmode,

was observed. 28 [Exanple 10] The reaction was
thecgpfpéysbubnfncrheasandy stameet kes mainednpice i3; a reactor
except that the kind of the co-catalyst packed in the
at AeheMBRrAAsTehangsdo’'s b istiate fOMKRE Pur evcGrenmiicaites,
.5 Industries, Ltd., classified to 150 to 500 gm after
whitdnpte¥sneninondi AgErtas@salssoht et nifte dgenpetatiine or
of- t he :
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
monoxide 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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reactor was set at 200C. The butene conversion
obt ai ned by analyzing the gas at the outlet taken 1
hour after the reaction initiation was 32% The
propyl ene selectivity at 10 this tine based on butene
was 90% and a snmall anmount of pentene was gener ated
in addition. Further, propane was generated together
with propylene, and the ratio of propane/propylene
was 0.0013. [Table 2] 15Propyl ene synthesis reaction

per f or med usi ng WQ 10 and vari ous co-catal ysts
Tenperature Kind of Co- catalyst

anpl e Reaction I . : _
hy %%é CBIRPe NS I plF eneeSel ciheyinadurrtgamefreatment,

Propyl| ene 5 250C Magnesi um oxi de
the uégg hydrogen may!%emain in the reactor.

When the catalyst activity is deteriorated over a
certain period of timé, the catalyst can be regenerated to
recover the catalyst activity. In general, the olefin
adsorbed on the catalyst is purged with nitrogen gas, and
the catalyst is oxidized with air or nitrogenQdiluted air at
a temperéture of 300°C of higher. When the metal is

tungsten or molybdenum, the catalyst can be subjected, after

‘the oxidation, to reduction with a reducing gas such as

hydrogeh 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 operated to carry out the
metathesis reaction may be adopted. Furthermore, when there
are three reactors, two of the reactors may be connected in
series to reduce the fluctuation in the output. When the
reaction is carried ocut in a flﬁidizedmbed flow reaction

mode or in a moving-bed reaction mode, all or part of the

.catalyst is withdrawn from the reactor continuously or

intermittently, and a corresponding amount of the catalyst

can be supplemented to maintain the activity at a certain

level,
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78% 98% 0. 011 6 200C Magnesi um oxi de 78% 98% 0 0069 7
250C Cal ci um oxi de 78% 98% 0. 020 8 200C Cal ci um

oxi de 76% 98%

21
In a sﬁspended—bed mode for a batch or continuous
reaction, the catalyst is likewise separated and recovered,

and if necessary, regenerated to be used again.

EXAMPLES

[Example 1]

0.83 g of ammonium metatungstate (Sigmé—Aldrich
Corporate) was dissolved in 100 ml of distilled watér, and 5
g of silica gelrQ—lo available from Fuji~Silysia Chemical
Ltd. (surface area 300 m’/g, pore volume 1 ml/g, and 150 to
500 pm) was suspended theréin with stirring at room
temperature for 30 minutes. _Subsequently, water was
eva?orated off in én evaperator. The resulting white solid
wés calcined under an air afmosphere at 550°C for 6 hours.
The obtained catalyst was referred to as WQ-10. 2 g of WQ-
10 and 3.5 g of hydrotalcite (Kyowa Chemical Industry Co.,
Ltd., Kyowéad 500, 500 pm) were physically mixed and packéd
in a reactor manufactured by SUS, having an external “
diameter of 12 mm and a lengfh of 40 cm, with the top and
bottom of the reactor packed with o-alumina balls. The
resulting reactor was used as a butene purifying tower.
Next, O{i‘g of WO-10 and 0.3 g of hydrotalcite were

physically mixed and packed at the center of a reactor
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0.0093 9 250C Yttrium oxide 77% 98% 0. 0024 10 200C
Zi nc oxide 32% 90% 0. 0013 [Exanple 11] 29 3 g
of y-alum na (Sumtono Chem cal Co., Ltd., NKHD 32,
surface area 250 n2/g) was suspended in a solution
di ssolving 0.40 g of cal ci um hydroxi de (Wako Pure
Chem cal Industries, Ltd.) in 100 m of distilled
water at roomb5 tenperature with stirring for 30

m nutes, and water was eva ated off in an
evaporator. The resulting te solid was cal ci ned

mar b A %‘J%T?S%ﬁﬁéggﬁ‘ssi?%S&rasé‘sagé%ﬁ%g. 31 g mm
andnhxf%n&%hhog %Ogcm, wIt %othgn%o%hgngléggggmmg% ggked
reactor packed with a-alumina balls. The resulting reactor
was used as a reactor.

50 ml/min of nitrogen gas at ambient pressure was
flowed in from the top of the reactor, and the gas exiting
from the bottom of the reactor was flowed into the butene
purifying tower from the bottom to the top, while the
temperatures of the reactor and the butene purifying tower
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 nitr;gen
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 bottomrat 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 pressure at a rate of 6.1 ml/min and hydrogen

that was fed at ambient pressure at a rate of 20 ml/min, and
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10 center of a reactor manufactured by SUS, having an
external dianmeter of 10 mmand a I ength of 30 cm
with the top and bottom of the reactor being packed
with a-alumna balls. The resulting reactor was used
as the reactor. The reaction was carried out in the
sane manner as in 15 Exanple 4, except that the
above-descri bed reactor was used. The butene
conver si on obtai ned by analgﬁing the gas at the

outl et taken 3 hours after e reaction initiation

ey L
P L S B B o
o TR L ARS8 - dn P goh GRS STROTRS 0T Based
on SESBCEINE, GRLN R 00 e 1
0 S e CUBBFFaa. BRnYSPaRn S AES L0 2dgbYareckind Lng

r Lon_was,carrjed out jn the sane manner as in
theEﬁ%ﬁ%Feaﬂ?ug§cg tLFﬁﬁ?" ~PHESRovEiprédhatane and 1-

-catalyst was used. The_butene conversi on obtai ned
but%§eaﬁél%an8a§h%ggﬁgea?uFﬁ@toufFQW fBReAmMlUABUPS sSupplied

ter, the reactiop initiation was 77% The propylene
tra@‘iél gc?‘ﬁv??‘?/ %?Stﬂgfs- t i hRepBERBYSRNBUPEARCHAEL DY YRt ahbis

: | . amount of pentene was generated in addition.
tlm%(ﬁ%%??h%g?b‘ﬁ‘f%rb%n‘%aﬁvag?’g(énéﬁﬁt 8dSPaget Aeput AT pentene
pL lene, and the ratio of propane/ propyl ene was
Wasdg%%%gégﬁﬁel?é%.?}EﬁP%ﬁs YuFther s caFppade ovesf generated
her. 12 hours, but no decrease in the conversion

togdlfa Ny RO EEIY ANd| thsArebieaphl PEPPaRE/Dropylene
ed j,n the sane manner as in Exanple 11, except
was t%‘a%%he W RO hevasl ERERRAY dFaRT Hed seipboferdanather
- m.na was 0.1 g, and the reaction was carried out
12 e BTG A0 dhd i ST EXARpFRIVIer Bl At helese heed .
ov.e- roduced co-catal yst was used. The butene 20

IEX%: nversi on obtai ned by anal yzing the gas at the

oghget taken 3 hours after the reaction initiation
was S7EGSFRR Sy FaRE 1861 @8t itk yrhet semies mainme hased.n

Exam%quﬁFene ma%éggfb and a smal | amount of pentene was

enerdt &¢95%9 a4 ghe PRAHYr | ohridpaiy desgeereaaitat

t her mﬁthfpropylene, and 31
ed To the reactor was 5 ml/min. The

ambi%%%epressure
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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the ratio of propane/propyl ene was 0.0022. The
reaction was further carried out for another 12
hours, but no decrease in the conversion was
observed. [Exanple 14] 5A co-catal yst was produced in
the same manner as in Exanple 11, except that the
conpound supported on y-alum na was 0.55 g of
magnesi um nitrate (Wako Pure Chem cal Industries,
Ltd.), and the reaction was,garried out in the same
manner as in Exanple 5, except that the

fur%%%%eb%&gqg e%u%Q %:%9&§%¥§;J2€§¥ﬁ§%§églgfr?ﬁ%ﬁggease in

conver si on obtal ne by anal yzi

theo%Bh%gé%Q§ﬁ2w%sh%%F Afler the reaction initiation

was 1 propylene sélectivity at this tine based
[Ex@Rphut @ge was 87% and a small amount of pentene was
generated in addition. Further, propane was 15

o DRan6 e ool che wie b BhaBYC TRE PBAcerdR pagner’as in
o Fogte R ephe iy Fe: SHOWAE Sbsdr ol rtsmPas1sf
P s T e SR ERe R ekipotnd 2upparida ofne |
oot PR K8 pPRatnBh by SaraveReS 5B P b the

o e ehar bt Aoa0EoE, DRGcen=Coioh aryeRatishes 75%.
e Ry e P e (P akEn 5 Rotrs CaREePabRe PELEEFARS was
9% et Dhs SR80 BBl s B S TR i Ahntn gradiion.
rur O foRtER g PERchRef o tn bPupyPaRe  ahabERE BhFo and
e D L L R TPk e Her 220RGare, The rhgction was
fur it Bfel o PR RRo M DT RahR0a Y nobhe gaRgbrease in
thergggggﬁég?éihggang%gﬁ%%qeexcept that the conpounds

suppor n y-alru re 0.35 g of zinc nitrate

Exd re Chenmical Industries, Ltd.) and 0.038 g of
[ xéﬁ%ﬁ%ﬁ?ﬁydroxide (Wako Pure Chem cal 15 Industries,

o) PRI L0 SR L Sl LIS,
xS PGS o B Y B et IR DS o
ser Y 'Blg ke, how s, aiter Lhe,eact Lon 1L 2100, g
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 0.0032. The reaction was further carried out for
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20 this tinme based on butene was 95% and a snal
anount of pentene was generated in addition. Further,
propane was generated together with propyl ene, and
the ratio of propane/ propyl ene was 0.0021. The
reaction was further 33 carried out for another 12
hours, but no decrease in the conversion was
observed. [Exanple 17] A co-catal yst was produced in
the same manner as in 5 Ex l e 11, except that the
conmpound supported on y-alumna was 0.076 g of sodi um
a oxhd ko, Pur ical Industries, Ltd.), and
no?%ggrggcﬁngéﬁa?uﬁangggggﬁ SFnlphg a® ETiéPPaddtn
obsEXegpl e 4, except that the above-produced co-catal yst
was used. The butene conversion obtained by 10
[TaBP@l y7ing the gas at the outlet taken 1 hour after
the reaction initiation was 75% The propyl ene

sel | Vd Is:Line based on butene was 98% and
SToRah g St gin, FabliER RePUrERs, e Saar Yool =na
hydgggg e Propane was generated together wth

propyvl ene, and the ratio of 15 propane/ propyl ene was

ExdopDOB3.rRefabx | ¢ F18) rate ofN COpGatbal yHl P%l@r(eoqu%ﬁgpane/

m

i n_t heof@dm -UBONE 1as obby EXPRDLR L1, PXCERT, Lhat| the -
Uo o Ul

gonpound, s@pported, on. y-at o na, yas O eH—thn
QydrpxidE fféko P?O T "7\%“&--1“\,0, Lt dl)
| s H

c e Car—=zZo—+hads

- T .l,
WO HEE | ol ouf®Y n t he sk mannep.0094

b
'Tu ITC i’eao\..LI O—AatS

is—ih-Exafole 3] e%cBdiin hat t hd5bove- prddliced | 0.0063

=] T

An-pqra|yﬁr0mas usedil/Mye but engs«conver si @asobt ai nedos2
[Ex @hayzing the gas at the outlet taken 3 hours
after the reaction initiation was 76% The propyl ene
sehact-buidy /it 4 .S 14 ed ,on butene was 97%,
and a smal armwu‘%i éo JLEQ‘Jleetndt érnﬁieé)\?\l/}sdcgheeneﬁaﬁeed“ﬁwer as in
Exampdd 13 onpx LW hela ¢ er at ed_t oget her ,
II\;@\}qth pr opiilléé%e, a%dp%lﬁga]?lg}#\ggfo?g%?o%%n%?%?g‘@{]e%%cmd in
the WS @04, The 4638k _ her_5.carried out for
S 3 M e S e e el s

anot her 12 hours, ut no crease
IndudesyoReerveatkq [TablGiatlag 150, classified to 150 to 500

pm after compression molding). 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 0.011. The reaction was further
carried out for another 12 hours, but no decrease in the
convefsion was observed.

[Example 6]
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Propyl ene synthesis reaction perfornmed using WQ 10
and various al um na-supported co-catal ysts 10 Ex.
Conmpound supported on al unmina Wi ght used for o
supporting(*) Butene Conversion Propylene Selectivity
Propane/ Propyl ene 11 Calcium hydroxide 0.4 g 74%

97%

26

The reaction was carried out in the same manner aé in
Example 5, 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 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 0.0069. The reaction was further carried out for
another 12 hours, but no decrease in the conversion was
observed.

[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 pm 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]



10

15

20

0.0018 12 Calcium hydroxide 0.2 g 77% 97% 0. 0025 13
Cal ci um hydroxide 0.1g 75% 96% 0. 0022 14 Magnesi um

nitrate 0.55 g 16% 87%

27

The reaction was carried out in the same manner as in
Example 7, except that the temperature of the reactor was
set at ZOOQC. The butene conversion obtained by analyzing
the gas at the outlet taken 1 hour after the reaction
initiation was 76%. The pfopylene 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 0.0093,

[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 pm after calcining at 550°C the precipitate obtained
by the addition of yttrium nitrate to agueous ammonia, and
compression molding). The bufene 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 furtﬁer
carried out for another 12 hours, but no decrease in the

conversion was observed.
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0.0036 15 Zinc nitrate 0.35 g 66% 94% 0. 0016 16 Zinc
nitrate and sodi um hydroxide 0.35 g and 0.038 g,
respectively 76% 95% 0. 0021 17 Sodi um hydr oxi de

0.076 g 75% 98%

28
[Example 10]

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 zinc oxide (Wako Pure Chemical
Industries, Ltd., classified to 150 to 500 um after
compreséion molding), and also that the temperature of the
reactor was set at 200°C. The butene conversion obtained by
analyzing the gas at the outlet taken 1 hour after the
reaction initiation was 32%. The propylene selectivity 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% 983 0.011
oxide
) 200°C Magnesium 78% 98% 0.0069
oxide '
250°C Calcium oxide 78% 98% 0¢.020
8 200°C Calcium oxide 76% 98% 0.0093
250°C Yttrium oxide 77% 98% 0.0024
10 200°C Zinc oxide 32% . 90% 0.0013

[Example 11]
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0. 0033 18 Sodi um hydroxide 0.038 g 76% 97% 0. 0010 (*)
Anmount used based on 3 g of alum na [ Exanple 19] 35
A co-catalyst was produced in the same nmanner as in
Exanpl e 18, except that the reaction tenperature was
set at 200C, and the reaction.was carried out in the
sane manner as in Exanple 4, except that the

above- produced co-catal yst 5 was used. The butene
conver si on obtai ned by anau¥2|ng the gas at the

outl et taken 3 hours after 4the reaction initiation

wag 78% The propylene selectivity at this tinme based
on” bt The RsTHa%  EHan e el Chegniount Gf. pdrttdene NgHD-32,

sur%egerat ed #E g Ltion. Further, propane was generated
6 Fogethe P Bk op§F eFleSPan@ed hin rat soletion
dis o ?anelg $$ylene was Q. 00081. The reaction was
oY LafVi 8dobuEaten iBnbyREPxidenélinko Burenghemical

Ind rease I n. the converS| on was observed. [Exanple 20]

‘ig %%staIf%‘iiy%tl%a% Br BdueEddiatiheedawat sunatr rasmi n
t emEX ng except that the reaction tenperature was

% et ® Trﬁ7%{?haﬁﬁl¥ﬁén9e5@fléﬂ HhBUEesr i @ddoweteén vhe
eva n%ﬁ{; as in Exanple 4, except that the

%%%%%55 CHY ?%-@uRRPYRECTAs ThedreThbt bugeweite solid
wa verskgn obt ai ned by anal yzing the 20 gas at the

S ENIQREIASY rfyurdihf aErospRereart i D70 I ®i fout 6 omours.

O 3mas 74% The propyl ene selectivity at this tine based
dh But % Yared i iyeal Jurgrodetd dfaestiepthwasally

d_in addition. Further, propane was generated
nix SRR AL
ek Vi tSh B I Ehe, anthdtheenisttuxe ofas packed at the

centDer oafqea/ e:re%e:ﬂoernemanufactured b

y SUS, having an external
diameter of 10 mm and a length of 30 cm, with the top and
bottom of the reactor being packed with a-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 conversion‘obtained 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 wés 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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36 was 0.00053. The reaction was further carried out
for another 12 hours, but no decrease in the
conversi on was observed. [Exanple 21] 5A co-catal yst
was produced in the sane manner as in Exanple 18,
except that the reaction tenperature was set at 150C
and the reaction was carried out in the sanme manner
as in Exanple 4, except that. the above-produced
co-catal yst was used. The butene conversion obtai ned
by anal yzing the 10 gas at t‘he outlet taken 1 hour
after the reaction initiation was 30% The propyl ene
set TR IS B8t 1S Pragugadedmohhpusae MRERNSDYGS ahol
a small amount of pentene was generated in addition.
Exappliehél, prephhetiat §BRepmpsatt 6§ether calehum hydroxide
propyl ene, and the rati o of propane/ propyl ene was
Suppeppeg. onsTEdkanplea 283s 0.2 gA aodcthal ysaciasn was
roduced in the same manner as in Exanple 11, except
Cargh%@ PRE tBnpbEnaasepparped 68 yhaFuanhiewds ©x0¢Ptgthat
of sodi um hydr oxi de (Wako Pure Chem cal Industries,
the| 3goye-pradenedr eacerbalivas wasr usgdeut The bhbens
sane, manner as in Exanple 4, except that the
ConvgBYEopr gt eded cby canalysingashgseds Thethatenblet taken
conversi on obtained by analyzing the gas at the
3 heywrs eaftakerh® roarsiant erithatiencwren77hiti Ebeon
was 78% The propylene selectivity at this tine based
PIORMLBRE cPR19@E1VBYY ahdthisntlimeahpend of ba@Zepenvaned?s,
was generated in addition. Further, propane was
and il bRneyet hef ReRhepeopgbenencaatied henraddbtbbn.
propane/ propyl ene was 0.0067. The reacti on was
Furthes hapreRan¢ cfr dugerorabadt hegetlehowith povppbene, and
decrease in the 5 conversion was observed. [Exanple
the pmtio of REeP3Re/Meepytedacedsi A- PA2S sanBhemneertasn was
i.n Exanple 19, except that instead of 7-alum na,
further o o e Wik Ber witehhess1abhailned byt andi dgerease in
zirconiumnitrate to 10 aqueous ammoni a, washing the
the [conyersipzivabekestyedoxi de in the gel state with
water, and then drying it at 100C was used, and the
[Ex3mgl@ ibhl was carried out in the same manner as in
Exanpl e 4, except that the obtained
zPr €6nicatadysdr W@¢ 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 based on butene was 96%,

and a small amount of pentene was generated in addition.

Further, propane was generated together with propylene, and
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Na20 was used as the co-catal yst. The butene
conversion 15 obtai ned by analyzing the gas at the
outlet taken 3 hours after the reaction initiation
was 78% The propylene selectivity at this tinme based
on butene was 98% and a snmall anount of pentene was
generated in addition. Further, propane was generated
toget her with propylene, and the ratio 20 of

propane/ propyl ene was 0.0045. The reacti on was
further carried out for an er 12 hours, but no

the §ELEB%6e) Br@%ﬁ%ﬁ%@ﬁ 2Bt RETELE 2L e

£ e e 23, except that the reaction .
urggﬁgeggﬁﬁ%ggm% ggg?r aFRORHEE R%nBOPﬁérr%%EtP%nd§ﬁ§ease in
th out in the sane manner as in Exanpl e 4,
eegéé%§g§ ar ¥4 BVEYBPoduced co-catal yst 5 was
The butene conversion obtained by anal yzing the
[EXéﬁﬁfe I?Ee out | et taken 1 hour after the reaction

initiatiqn 58% The, pro yjene selectivity at this
t :}J‘med asagc(?lé’r? utaé:’ne?J Yol andl g madHsuntafin
was enerated in addition. Further, propane
Exan\%’?; gj;ﬁ'e ddEtherh s EPMROURT opyPRIR: eAneh thealumina
‘was Bﬁtéé) ane/prop ene was 0.0015. [Table 4
r'opyl HresiEr Eﬁ?%ﬁ Pz ke iete (Shemi oA 10

GO:-C t.a S C ri sing Na20 supported on varlous
suppor %ﬁ%A%Re cfgﬁl éﬁ%gCtlon was carried out in the

Same manner as in Example 5, 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 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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Type of Support Weight of NaOH used for support(*)
But ene Conversi on Propyl ene Selectivity Propane/
Propyl ene 19 200C Alunmina 0.038 g 78% 98% 0. 00081 20

175C Al um na

32
was used. The butene conversion obtained by analyzing the
gas at the outlet taken 3 hours after the reaction
initiation was 66%. The propylene selectivity at this time
based on butene was 94%, and a small amount of pentene was
generated in addition. Further, propane was generated
together with propylene, and the ratio of propane/propylene
was 0.0016. The reaction 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

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 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 ratioc of

propane/propylene was 0.0021. The reaction was further
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0. 038 74% 97% 0. 00053 21 150C Alum na 0.038 g 30%
92% 0. 8029 22 200C Alum na 0.019 g 78% 98% 0. 0067 23

200C Zirconi a

33
carried out for another 12 hours, but no decrease in the
conversion was observed.
[Example 17]

A co-catalyst was produced in the same manner as in
Example 11, except that the compound supported on y-alumina
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
Example 1i, 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

reaction initiation was 76%. The propylene selectivity at
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0.038 g

94% 0. 0015

the sane manner as in Exanple 11

78% 98% 0. 0045 24 175C Zirconia 0.038 g 58%

(*) Anmount used based on 3 g of the
support 15 [Exanple 25] A co-catal yst was produced in

except that the

conmpound supported on y-al um na was 0.064 g of

potassiumnitrate (Wako Pure Chem cal

Ltd.),
same manner as in Exanple 3,

thiGORY @leS QR QP

outl et taken

| ndustri es,

and the reaction was carried out in the 39
except that the
above- produced co-catal yst was used. The butene
al |ng t he Jgas t t he
%Qhoursp%?gér t & rr 85& o it iEFeues of
ctivity at .5 this tine

penW@%e7§§§ é@ﬁe&%%%@ %3§ﬁ?%g%

ut ene was

Pared

based on
genBeltene+
was gene

pro?ﬁn@ BE@E%

foget

1BREPYLENS YRs O

rried out for

d°% s
di_tion.

QQEﬁdP&QPy eBPOp?PQnE
&gzor Th
&r f?c

ano

%Fher

|”1 tAffunPropane was

pr opane

eakd e Ofat i o

reaction was
dQPs Wagyfurgher

card€66€88€ EBrtBfother 12 hours,; but no decrease in the

conversion was observed.

[Table 3]

various alumina-supported co-catalysts

Propylene synthesis reaction performed using WQ-10 and

Ex. Compound Weight used Butene Propylene Propane/
supported on for Conversion | Selectivity Propylene
alumina supporting (*) :
11 " Calcium 0.4 g 74% 97% 0.0018
hydroxide
12 Calcium 0.2 g 7% 97% G.0025
hydroxide
13 Calcium 0.1 g 75% 96% 0.0022
hydroxide
14 Magnesium G.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% 0.0GZi
and sodium 0.038 g,
hydroxide respectively
17 Sodium 0.076 g 75% 98% 0.0033
hydroxide
is Sodium ¢.038 g 76% 97% 0.0010
hydroxide

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

[Example 19]
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10 conversion was observed. [Exanple 261 A
co-catal yst was produced in the sane nmanner as in
Exanpl e 25, except that the anount of the conpound
supported on y-alumna 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 conversi on obtained by anal yzing the
gas at the outlet taken 3 hggrs after the reaction
initiation was 77% The propyl ene selectivity at this
ti ge-basg tepe_was 96% .and _a 20 smal | anount
of pgntenga9 gggg%ergfgguFﬁd;&gi?PSn?aﬁﬁrFﬁQP?r as in
ExaRpaRang erated. toget her, with propyl ene, and

t?é ratig%%Fgggoggﬁglﬁ&%%fﬁ?ﬁEHWHbt@?@ﬁﬁ?ﬁPth@as set at
2ooreactian.yas further carried out for another 12

holr s, 5p%nge§8%%8§sg%%1QQﬁ¥%%%6%¢sFQnt%§ssame manner

2 o ea P (N SERE Fhmterhss S VECRRBRECER cexcepelyst
"3 o PEREsT L PRArES (VARG ePare aREAAEY RiuePRlEging the
smsl 88 Loe20HADE LEREL) i S ot L0 s
R 8RY O TT bl el by PERRYYEPRG SERECOARIAY FRethis time
bas QB EHEPHE Tr0pdt nco8) aceraity SAPUTH 85 PRBCEDe was
g e et GO ec PRt BAdr { PERbaPa: YRS SopF optng
o A Br Y Ghe: \BEC0 BB0SBY. Friat GBeRFoR/ maspylene
| ed out_ for another 12 hours, but no

faur car
was ddjebétggésle' TR & RS BR° waNT 1B LRt rbed PEX AR e
- al yst. was produced in the same nmanner as
ano%ﬁé%éa%oé‘%fr, % cept ‘?%%?e?ﬁ% ot SPNTeres torpernd

rted on y-alumna was 0.082 g, and the reaction
was carried out 20 in the same manner as in Exanple
Exsho gﬁﬁt that the above- produced co-catal yst was
[ ugégz e butene conversion obtained by anal yzing the

gas .at outl et taken 3 hours after the reaction
i %i F?’aﬁt“ggl%’é %88, P%ﬁrél‘“ﬁﬁéipﬁneﬁéies@aé@t PEDDP ratast Hins

[ S on, but ene s 97% and a
Exambl@el%e %%cept %%at the reagtion temperature was set at

obs

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 obtained 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
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41 smal | anount of pentene was generated in addition.
Further, propane was generated together with

propyl ene, and the ratio of propane/propy[ene was
0.0013. The reaction was further carried out for

anot her 12 hours, but no decrease in the 5 conversion
was observed. [Tabl e 5] Propyl ene synthesis
reacti on performed using WQ- 10 and vari ous

al um na-supported co-catal ysts Exanple Conpound .
supported on al um na Weightbused for supporting(*)

But % Conversion Propyl ene Selectivity Eropane/
wasPﬁo@@léﬁe 2Bhpotrgasitipn miesr fugther carried out for

ancther 12 hours,_but no decrease in the conversion was
observed.
[Example 21]

A co-catalyst was produced in the same manner as in
Example 18, except that the reaction temperature was set at
150°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 obtained by analyzing the
gas at the outlet taken 1 hour 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, bropane was generated together with
propylene, and the ratic 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
sameé 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 78%. The propylene selectivity at

this time based on butene was 98%, and a small amount of
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0.064g 76% 98% 0. 0020 26 Potassium nitrate 0.128 g
77% 96% 0. 00057 27 Cesium nitrate 0.041 g 76% 98%
‘0. 00095 28 Cesiumnitrate 0.082 ¢

37

pentene was generated in addition. Further, propane was
generated together with propylene, and the ratio of
propane/propylene was 0.0067. The reaction was further
carried out for another 12 hours, but no decrease in the
conversion was observed.
[Example 23]

A co-catalyst was produced in the 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
Naz0 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 timé based on butene was 98%, and a
small amount of pentene was generated in addition. Further,
propane was denerated 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 ocbserved.

[Example 24}
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75% 97% 0. 0013 (*) Anount used based on 3 g of
al um na 10[ Exanpl e 29] The reaction was carried out
in the sane manner as in Exanple 4, except that the
reaction raw materi al used was changed from
trans-2-butene to 1-butene (Takachi ho Chem ca
I ndustrial Co., Ltd., purity 99.5%. The butene
conversion 15 obtained by anal yzing the gas at the
outlet taken 3 hours after the reaction initiation
was 76% The propylene sele¥8ivity at this time based
on_butene was 98% and a small anount of pentene was
gefefareatpAvatidwesonrofucetein th2 pempamenmas as in
gener ated together with propylene, and the ratio of
Exaﬁp Gaﬁéﬁpﬁ@ﬁ?ﬁ@néhwast®eom¢£ctmmmlhampenmtmm53was set at
further carried out for another 12 hours, but no
175dker 8RSk tihe ﬁﬁ@Q@QWMeM@ﬁoaawaSEmbSﬁﬁvaﬁ.tﬁbTabhe fabnner
ProEerne synthesis reaction perfornmed at 200C using
as BaERd ehydr exaepitt ¢hatd thsl mpowar-pausiucetianescatalyst
Exanpl e Butene used as raw naterial Butene Conversion
was paggil endhsebusenei cynPeopane/ obtained by analyzing the

gés at the outlet taken 1 hour after the reaction initiation
was 58%. The propylene selectivity at this time based on
butene was 94%, and a small amount of pentene was generated
in addition. Further, propane was generated together with
propylene, and the ratio of propane/propylene was 0.0015.
[Table 4]

Propylene syntheéis reaction performed using WQ-10 and

co-catalysts comprising Nago 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 ¢ 78% 98% 0.00081
20 175°C Alumina 0.038 g 74% 97% 0.00053
21 150°¢C Alumina 0.038 g 30% 92% 0.0029
22 200°C Alumina 0.01% g 8% 98% 0.0067
23 200°C Zirconia 0.038 ¢ 78% 98% 0.0045
24 175°C Zirconia 0.038 g 58% 94% 0.0015

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

[Example 25]

Example 11,

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

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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Propyl ene 4 Trans-2-butene 75% 98% 0. 0032 29 1-Butene
76% 98% 0. 0041 [ Exanple 30] 10The reacti on was
carried out in the sane manner as in Exanple 3. The
but ene conversi on obtai ned by anal yzing the gas at
the outlet taken 3 hours after the reaction
initiation was 75% The propyl ene selectivity at this
ti me based on butene was 98% and a small anount of
pentene was 15 generated in addition. Further,
pr opane was gener at ed togefﬂ%r wi th propyl ene, and
the rati o of propane/propyl ene was 0.0063. After 3
SaANfoBPENETt 8F FRaEKPBR1ENSYi 88CEeRE thathylrogbrveuppbyluced
to tEe reactor was suspended, and the reaction was
Co-EahfiKtedvas yaed. TRBSpbuéraecenvEesséAn20bobiakdety
zing the gas at the outlet taken 1 hour after

anal
ana?%élggsgﬁﬁsgéﬁ Bt the Rydle§eiiagas Supphiysdefieasete
to, 43, 48% Further, the butene conversion obtained
reagllgRalpirhatihe Yas Z6%t heThet Pecpyaken Behegtdvity at
th.after the suspension of the hydrogen gas supply
17 ehdtfieba$8d ben 489t e TRewA§dPB8genagdsasapply awmothe of

reactor was resuned, and the reaction was
pentene was generated 1n addition. Further, propane was

generated toggther with propylene, and the ratio of
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-
produced 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 additien. Further,
propane was generated together with 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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5 continued. The butene conversion obtai ned by
analyzing the gas at the outlet taken 3 hours after
the resunption of the hydrogen gas supply inproved to
72% Further, the butene conversion obtained by
anal yzing the gas at the outlet taken 8 hours after
the resunption of the hydrogen gas supply was 1074%
[ Tabl e 7] Switching test with addition of
hydrogen at 250C (Exanple 30) Exanple Sanpling Tine
But ene Conversion 3 3 hour4Uafter reaction
initiation 75% 30 3 hours after reaction initiation
[Expmples2Hdurs after reaction initiation (1 hour after

suspensi on of hydrogen gas supply) 48% 8 hours after
reActPomatalyshat vea pBoHoaed aht ehesuapenshaneefas in

hydr ogen gas supply)
Example 11, except that the compound supported on y-alumina

was 0.041 g of cesium 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
was used. The butene conversion obtained by analyzing the
gas at the outlet taken 3 héurs 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 oﬁt for
another 12 hours, but no decrease in the ceonversion 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 97%, and a
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48% 11 hours after reaction initiation (3 hours
after hydrogen gas resupply) 72% 16 hours after
reaction initiation (8 hours after hydrogen gas
resupply) 74% [Exanple 31] 150.49 g of ammoni um

met anol ybdate (Si gma- Al drich Corporate) was dissol ved
in 100 M of distilled water, and 5 g of silica ge

Q 15 available fromFuji Silysia Chem cal, 44 Ltd.
(surface area 200 n2/g, pore volune 1 m /g, and 150
to 500 gnm) was suspended tHerein with stirring at

om tenperature for 30 m nutes. Subsequently, water
Smamgsgéégﬂ r 3t eHeBFF PN AR 8¢REEAAESr inTRADEEd@Nt | ngurther,

te solid 5 s .cal ci ned under an air atnosphere at
proﬁggd% Yor ‘ée%ﬁ%’g?dTﬁegs’Bbsrn@atéaPapwﬂ-ewas paflethedratio
as 15. .2 g of Q and 3.5 g of hydrotalcite
of %%y%%\%wcﬁ%ﬂ?g%\?n%nﬂﬁt yO8h3, LTRe, repetand 866, f800her
Cargggdmgre fh si cal m xed and packed in a reactor
manuf Aet utRY BYOSERr hAviABTEn Bytehnafiecpedpantnethe
12 mmand a | ength of 40 cm wth the top and
coniéﬁ?%%?dYa?h%b?%ﬁggGr packed with a-al umina balls.
The resulting reactor was used as a butene purifying
{Ta?dﬁeéf Next, 0.1 g of MoQ 18 and 0.3 g of
héprotq]cite were physically m xed and packed at the
cEACEY *61 % YRGS 5 qRfiTIE tRETL 19e BUS Ltk Wag. Gurrend
varSXLer al dianmeter of 10 mmand a length of 30 cm
W th THE S SRPDBEedncoTCahelyelaet or packed with

q A i t
Exam@1&l untRgoRah 'y weignd GREL 1T Mo, [[EaLto Propylene | Propane/
supported for Conversion | Selectivity | Propylene
_ on aluming | supporting(*) .
25 Potassium 0.064 g T6% 98% 0.0020
nitrate
26 Potassium " 0.128 g 77% 956% 0.00057
nitrate
27 Cesium 0.041 g 76% 98% 0.00085%
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
Egample 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,




was used as a reactor. The reaction was carried out
in the sane nmanner as in 20 Exanple 3, except that
the tenperature of the reactor was set at 300C. The
but ene conversi on obtai ned by anal yzing the gas at
the outlet taken 1 hour after the reaction initiation
was 47% The propyl ene selectivity at this tine based
on butene was 89% and a small anmount of pentene was
45 generated in addition. Further, propane was
generated together with propylene, and the ratio of

ane/_pr | ene s 0.015. [Exanple 32] The )
P o P LR B R LT OsRENET PhE S aormer 499 fhe ratio
except that the tenperature of the
of %?@?%?@é?%’é?n tW§§08.-0$ﬁeLbutT§ﬁe reGfversi yas further
[ By _anal yzi ng.th as at the outlet taken 1
carpgtl ggge&%h%”?éﬁ?ﬁ 36 DRtea; P BRs dsSHEaTRe 10 the

p Len electivity at this tinme 10 based on butene
conmgggé8§ $§§d° SSRPH" anount of pentene was gener at ed

[Tabf aggition. Further, propane was generated together
Wi th ropyl ene, and the ratio of propane/ propyl ene

s T L SRR IS SRR O

WQ~f@”?ﬁ&aﬁgégoﬁgféikgnaﬁ tggingbggggghgnbutanes

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

4 Trans-Z-butene 15% 98% 0.0032

29 ) 1-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 outlet taken 1 hour

after the suspension of the hydrogen gas supply decreased to
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Propyl ene Sel ectivity Propane/ Propylene 31 300C 47%
89% 0. 015 32 350C 53% 90% 0. 0014 [Exanple 33] For
Example 1, 0.6 g of WQ-10 and 2.4 g of hydrotalcite
were physically mxed and packed at the center of a
reactor 20 manufactured by SUS, having an external

di anmeter of 18 mmand a Il ength of 400 nm The top and
bottom of the reactor 46

43

48 Further, the butene conversion obtained by analyzing

oe

the gas at the oﬁtlet taken 5 hours after the suspension of
the hydrogen gas supply remained to be 48%. The hydrogen

gas supply to the reactor was resumed, and the reaction was
continued. The butene conversion obtained by analyzing the
gas at the outlet taken 3 hours after the resumption of the
hydrogen gas supply improved to 72%. Further, the butene

conversion obtained by analyzing the gas at the outlet taken

8 hours after the resumption of the hydrogen gas supply was

74%.
[Table 7}
Switching test with addition of hydrogen at 250°C
(Example 30)
Example Sampling Time 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 hydrogen gas supply)
8 hours after reaction initiation 48%
{5 hours after suspension of hydrogen gas supply)
11 hours after reaction initiation 72%
(3 _hours after hydrogen gas resupply)
16 hours after reaction initiation 74%
(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,
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was packed with a-alumna balls, and this was used as
the reactor. 100 m/mn of nitrogen gas at anbi ent
pressure was flowed in fromthe top of the reactor
and the gas exiting fromthe bottom of the reactor
was flowed into the butene 5 purifying tower fromthe
bottomto the top. The tenperatures of the reactor
and the butene purifying tower were all elevated to
500C and mai ntained for 1 hour. Subsequently, 100

m /mn of hydrogen gas at anbient pressure was fl owed
120 m nutes. Wiile 10

t the sane tenperature for
Ltd?losﬁﬁfaﬁf ﬁ%ﬁﬁi%ngHﬁ?ﬂro@@ﬁega§léﬂeaﬁbméﬁﬁrpﬁ@és&ﬁ@ to
500and 50 m/mn of hydrogen gas at anbient pressure,

t K& bESn S USERNAFEn G hesRen Wid he séliading B0Croand t he
tenb83Stor mgs c$§Ied to 200C._ Liquid trans-2-butene

DUty 099%¢ Pk AeRHE Sche fvlae s tddus Waitalr @8.s
evahb%ak %is%%lLed over y-alum na (Sumtonmpo Chem ca

€5 FPd O I INKPD282 P VBEPS Aé Ofse fleswed ingt whihe solid
wasb%t ne rifying tower fromthe botton1ag a rate of

0-T0 PN P HEr NG a 2plruRGBPSPIREe Biie 55Qr Cf fod 16 ouds .
Thet5$ﬁ5=2' buteni obtai ned fromthe top was conbi ned

wPheePRYI EREALKSE ¥BShagiBE&Rdptes s8r MpRd1be 3259MPE WQ-
10 ang gag fed aﬁ a rate of 64.5 m/ mn and hydrogen

14t *nad9pBENNPHESERIF2ER (BYSWS Nhgmasdlwdsdhetdrat Ca.,
Ltdrate of 7.0_m/mn, and the mxture was fed, after

pasSYAHeefrevgn A0Br BRaveng bhyeichédyediked280€, paoked
in t he regctor fromthe tog in the gas phase. The 47

Jak=AT ke traypt arhegedr B EHE . bbevoRvoant Antesastor
diades broggﬁ% to anbient pressure by passing through a

PBRCKE pPesttr® g e? ahanobR afak§zed, owithnsheytgasand

chromat ogr aphy. Based on the conposition taken 10
POt H QL 5th8 1P F et reackednwihht daalominaheablis eneThe
resqﬁgyersion cal cul ated by deducting the total anount

Bt ATANSIE UL orrS 034 22 put ehetand publfeheyi hovhe.

, as,.at the aqutlet, fromthe anount of supplied
Nex%hé%gLZI

1k R WS 31196 0 Thed ppbphYdretabroee | véty at
t.his tinme based on butene was 90% and small 10
5 % HiEesk ivhe e hexenehoerengener fit@dréactor
man di.tion, Further, propane was generated together
S YRS RYe S rahtf YD raft | <R I bpdivanietenyd £nkd mm
and.Waéto'%;' The reaction was further carried out for
EnotHGE N STl Sl & e rereand hoe: @om@rgion
was observed. 15[ Exanpl e 34) The reacti on was
reactar Pagkegt Wikht e aslameirmivetlas | ThExemph et 38y reactor
except that the tenperature of the reactor was set at
was ysed afh@ BEe&k@Iconversi on obtai ned by anal yzing the
gas at the outlet taken 10 hours after the reaction
20NENFERGELIBR WAS 62y iTheoptopyl ¢he selecmavinky was in
92% _and smal |l anobunts of pentene and hexene were
Exampdgepat 84CPRtaddiat dhe Memdrera t yreopsh e heasragaTteyates
together with propylene, and the ratio of
set gFoplReflpr opyeehetime @@Werkien obtained by analyzing

phy

the gas at the outlet taken 1 hour after the reaction
initiation was 47%. The propylene selectivity at this time

based on butene was 89%, and a small amount of pentene was
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48 reaction was further carried out for another 12
hours, but no decrease in the conversion was
observed. [Exanple 35] The reaction was carried out
in the sane manner as in 5 Exanple 33, except that
the liquid trans-2-butene was conbi ned with ethyl ene
t hat had been pressurized to 1.0 MPa and hydr ogen
that had been pressurized to 1.0 MPa. The but ene
conversi on obtai ned by anal yzing the gas at the
outl et taken 10 hours after<Phe reaction initiation
was 71%, 10 The propyl ene selectivity was 91% and

9eNG R 1 h it A Idr i Pent e IR hexesra e e germTatadtd n

N a%?%}ion. Further, propane was generated together

IR prodt eHEPHERRa hendhttihe ofatpropah e/ memd /anepyLene

s 0.0026. The reaction was further carried out for

Y833 ot 12 hours, but no decrease in the 15
conversjon was observed. [Exanple 36] The
[Exﬁggﬁﬁ ¥ was carried out in the sanme manner as in

Ex l e 33, except that the liquid trans-2-butene was
co nE@aﬁF%ﬂneWHﬁl@ﬁér@ﬁdtOhédibe§hepsemsumhnﬁdrtas in
B O.g MPa 20 and hydrogen that had been pressurized to
xagPse\Bas FIHECHt dhatc bheetsinpe miitaiened heamalayziongwas
the gas . at the outlet taken 10 hours after the
set, @’écggenci-ni That Poftengs creote rBienpobpgiere by analyzing
th selectivity was 92% and small anmpbunts of pentene and
ChEREndtwehe gukéeht édken addiocviromftEur tther rea4®ion
. .Erogane was gegerated together with propyl ene, and
1N1tHhatighi vast > prepahbeppopyléreenas 1@c®ai2tyThe this time
b rgaction was further carried out for another 12
ASEJury, PREENAOYAECPBEseandl &hemedAvemsiuon wiSpentene was
observed. 5[ Table 9] Propyl ene synt hesis
IeN AL of pefelbE el - unBlerthbeessprepasenga¥Qy2feanted

_Ivdmnﬂone Exanpl e
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/
Tenperature Conversion Selectivity Propylene
31 300°C 47% 89% 0.015
32 350°C 53% 90% 0.0014

[Example 33]

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

and a length of 400 mm. The top and bottom of the reactor




10

15

20

Reaction Tenperature Reaction Pressure (Gauge
Pressure) Butene Conversion Propylene Selectivity
Propane/ Propyl ene 33 200C 3.5 MPa 71% 90% 0. 010 34

175C 3.5 MPa

46
was packed with o-alumina balls, and this was used as the
reactor. 100 ml/min of nitrogen gas at ambient pressure was
flowed in from the top of the reactor, and the gas exiting
from the bottom of the reactor was flowed into the butene
purifying tower from the bottom to the top. The
temperatures of the reactor and the butene purifying tower
were all elevated to 500°C and maintained for 1 hour.
Subsequently, 100 ml/min of hydrogen gas at ambient pressure
was flowed at the same temperature for 120 minutes. While
flowing 50 ml/min of nitrogen gas at ambient pressure and 50
ml/min of hydrogen gas at ambient pressure, the butene
purifying tower was cooled to 50°C, and the reactor was
cocled to 200°C.

Liquid trans-2-butene (purity 99%, Takachiho Chemical
Industrial Co., Ltd.) distilled over vy-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 plunger 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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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-alum na (Sum tono Chemical Co., Ltd., NKHD 32, 10

surface area 250 n2/g) was suspended in a sol ution

di ssolving 0.08 g of sodi um hydroxi de (Vﬁko Pure

Chenmical Industries, Ltd.) in 500 ml of distilled

water at roomtenperature with stirring for 30

m nut es, and water was evapor at ed off in an _

evaporator. The resulting wWAi'te solid 15 was cal ci ned

under an air atnosphere at 550C for 6 hours. The
ga5 FHEHIWIE it adarad dtrautthien hdiet eanet NEere &St was

Exanpl e 33, except that 2.4 g of the obtained solid
bropaht,dey ambient pressure by passing through a back
pressure valve and was analyzed on-line by gas
chromatography. Based on the composition taken 10 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 trans-2-butene was 71%. The propylene
selectivity at this time based on butene was 90%, 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 0.01. 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
initiation was 61%. The propylene selectivity was 92%, 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 0.01. The
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instead of hydrotalcite, and the reaction tenperature
was set at 175C. The but ene conversi on obtai ned by
analyzing 50 the gas at the outlet taken 10 hours
after the reaction initiation was 69% The propyl ene
selectivity was 94% and small anmounts of pentene and
hexene were generated in addition. Further, propane
was generated together with 5 propyl ene, and the
rati o of propane/ propyl ene was 0.0066. The reaction
was further carried out ford@nother 12 hours, but no
decrease in the conversion was observed. [Table 10]
reaptopyl was synthesi saredet omtpeoroamedherder hOurs, but

application of pressure using WQ-10 and
no degrfadesippbheedoNy2e skoanple Reaetriven.Tenper at ur e
Reaction Pressure (Gauge Pressure) Butene Conversion

[Expighe| 3R Sel ectivity Propane/

The reaction was carried out in the same manner as in
Example 33, except that the ligquid trans-2-butene was
combined with ethylene that had been pressurized to 1;0 MPa
and hydrogen that had been pressurized to 1.0 MPa. The
butene conversion obtained by analyzing the gas at the
outlet taken 10 hours after the reaction initiation was 71%.
The propylene selectibity 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 small amounts of

pentene and hexene were generated in addition. Further,
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Propyl ene 37 175C 3.5 MPa 69% 94% 0. 0066 [ Exanpl e
38] 0.1 g of W10 and 0.5 g of hydrotalcite
described in Exanple 1 were physically m xed and
packed in the center of 15 a reactor nmanufactured by
SUS, having an external dianeter of 10 nmm and a

l ength of 30 cm with the top and bottom of the
react or packed with a-alum na balls. The resulting
reactor was used as a reactor. On the other hand, 2 g
of WQ 10 and 3.5 g of hydrat®alcite (Kyowa Chenmi cal

I ndustry Co., 20 Ltd., Kyowaad 500, 500 4m) were

- PTOBRYS| ¥abl genexed eahdogathed wnth peaplydenegnahactheedatio

by SUS, having an external 51 dianmeter of 12 nm and
of RrppAgeAPsPP¥O oy wWaist 9 .0RE 2t opTard reattdmnofvathéurther
reactor packed with a-alum na balls. The resulting
cargagdt optwasrusadtasra IBuhenespubiityhng deewense58n the
m/mn of nitrogen gas at anbient pressure was fl owed
Conyva¥sient Wasr ekstowvetdnom t he top, and the gas exiting
fromthe bottomof the reactor was flowed into the
[Tableehe purifying tower fromthe bottomto the top.
The tenperatures of the reactor and the butene
pRIIBM IRne ovent nes &s at¢aet bvatmwer forhSAGadsr pressure
~mai ntained for 1 hour. Subsequently, a gas
using WQ-10 and hydrotalcite

Example Reaction Reaction Butene Propylense Propane/
Temperature Pressure Conversion | Selectivity | Propylene
(Gauge
Pressure)
33 200°C 3.5 MPa 71% 90% 0.010
34 175°%C 3.5 MPa 6l% 92% 0.010
35 200°C - 1.0 MPa 71% 91% 0.0026
36 200°C 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
dissclving 6.08 g of sodium hydroxide (Wako Pure Chemical
Industries, 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 hours.
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
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10 m xture obtained by adding 50 m/m n of hydrogen
gas at anbient pressure to 50 m/mn of nitrogen gas
at anbi ent pressure was flowed at the sane
tenperature for 30 m nutes.

of nitrogen gas at anbi ent pressure,

VWhile flowng 50 mM/mn

t he but ene

purifying tower was cooled to 50C, and the 15 reactor

was cooled to 200C. 1-Butene (purity 99%
230 ppm of 1, 3- butadi ene,
I ndustri al

Co. ,

(Sum tono Chem cal
thef paedti fhe ohé Lett sagepuiliof yiowg st evitre r2@ her amalchd on
. .bottom at anbient pressure at a rate of 8 m/mn.
inlgpagénpnr HeBoR %6t 1TBebpradydend metlketiwiithi eds 94%, and

1-butene obtained fromthe top was O ppm This
smailpgheneteontfabrinfigneoabdt hdixene was cCorbicreded tih

ethyl ene that was fed at anbient pressure at a rate
addgtien.ni Furhhend pydpegenwhkapens?ates ftedeaheamhiient

pressure at a rate of 1 m/mn,

Co., Ltd.

cont ai ni

Takachi ho Chem ca
Ltd.) gas di&tilled over y-alum na
NKHD32) before use was

ng

The

and the m xture was

propgdens, t Ardr thet ortipontt heopape/probglgas phase. 006e.
gas m xture obtained fromthe bottom of the reactor

Thewgaahaby zeds ofiukiherbyagasedhbaratfogr apnbyheBasednhenrs,
the 5 conposition taken 2 hours after the reaction

but pe tdectenset he bheéenenvenseoai eascabealatad by

deducting the total

anmount of trans-2-butene,

[Takkle-PObutene and 1-butene in the gas at the outlet,
fromthe anmount of supplied 1-butene was 17.5%
FlRndrrlens eparshewis germrat@d poges finsd Witdle r
fgopy]ene, and 10 the ratio of propane/propyl ene was

app oL goon $ExenpteuBd]using WIheOr endt hDOMMAS-Eappbeted

out

in the sane nmanner as in Exanple 38,

except that

Na;& he reaction tenperature was set at 225C. Based on

alcan haAatu
1

c aftar t
£=J LI C O

re—15-reaction

ExqRRNE | o | BHRCEERB |

deduct
ci s-2-
fromt

posttioen—t

i%ﬁ@FﬁﬁxFBt
but ene and
he anount d

2
aANCTTT 9 TIHou

utiEREt BN
al FTaApIUAst
1- bGeegre |
f PsaspRkeed

er stERe al
ofonegpser?
n the gas
1- but ene

c ubErred ety

ht t he outl
Nas 69%

Betegrievity

Thle

Propane/
Propylene

et ,

pr opy|

enels®cect |

Vitys was 9

4% and smal |

appuni’s

Ofg . 0066

ent e and hexene were generated 20
Exqiple P

I
60804
e

Exam%%?

N addi tion.

propane was generated together with

=)

r 12 hours,

YENTe & B!

ngﬂﬂgggﬂ%

er

i

ropane/ propyl ene was

e EalGide slasqgibed in

but no decrease in the conversion

)énng}ed gnd packed in 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 o-alumina balls.

reactor was used as a reactor.

The resulting

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 reaction was carried out in the sane manner as in
Exanpl e 38, except that the reaction tenperature was
set at 250C. Based on the conposition taken 3 hours
after the reaction initiation, the butene conversion
cal cul ated by 5 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
was 69% The propylene selectivity was 94% and snal
amounts of pentene and hex were generated in
di adgitio%. Further, propane was generated together
13ReERT10 pdpileRBS and srwdty &fi & Cocmpr wpahekpeopypierad
was 0.00040. The reaction was further carried out for
bot3RBt Rér the Kearsorbprckeddedtbase aluntine bedver.si dhe
s.observed. [Exanple 41] The reaction was carried
reSWEFlPH fRBCE9RevAENHELdagSi & PotErenpbeigginexteper. 50
t hat %he,adsorbent in the butene purifying tower was
ml/BERnGEANE BTGIBR uRRFal tTREDI SHGt PAESPudet washé Lowact anto
th at this tinme contained 230 ppm of 1,3- butadiene.
©B4ERUtBh tReMchbAPoEPPr oandakds Fakogrétahgefrphethe
b reaction initiation, the butene conversion cal cul ated
Cthym ot JeliRcEPRgt PRewRst ALlowgdunntof theahstenpupemeé fying
ci s-2-butene and 1-butene in the gas at the outlet,
towey ohf PRetfobpt toR Sappheeior- buTbaetamserdttires of the
%Exanple 42] 54 The reaction was carried out in
reacher sap Mttt ere| RUEKARPNE #owesxeepe ahitelhwated to
5 feaction tenperature was set at 225C. Based on the
20 ompRdita Uit aEed Borolr Boutt er Stheegeantlivn a gas
. _dnitiation, the butene conversion calculated by 5
MIXHERIRR IR Rvtaddinguhf Bl/mianst 2bpitegen gas at
Ccis-2-butene and 1-butene in the gas at the outlet,
amb ¥ enfin RIRS SO 010 shppriedoi- bitepeenaga 08t Fhbient
ropyl ene selectivity was 94% and small anounts of
pre % e Sa i esek et V\%lf‘@ ganer bewdefatadei foon30 minutes.
. Further, propane was generated together with 10
Whilg JohAveiig Qﬁi¥%4ﬂ§lPa@fonb¢r9g©@a®®$p@bpwﬂehQHMB§ressure,
0. 00036. [ Exanpl e 43] The reaction was carried
the hptene My ifand qdintieer a2 $ nc@xbep| &0 430 °@xcapd that
the reaction tenperature was set at 250C. Based on
reaghor wdpssiadissh Gk T hours after the 15 reaction
initiation, the butene conversion cal cul ated by
déaBEtrPRE tRETL6Val® 9o wen tefiniran £32- Ippend, 1, 3-
ci,s-2-butene and 1-butene in the gas at the outlet,
butadigmer hd admeiiih cofCharpita edndusit el Wers. ,70%d Thegas
. propylene selectivity was 94% and small anmounts of
distgddednevand yhakenénaer(Sugenemat €theQ cian addi,t 1AM, , NKHD-
Tabl e 11] Propyl ene synthesis reaction
32) gélfpélerrﬁ@euyiaﬁg fd aveewd niettey i e donteaiaipg 230 ppntofer

but adi ene and using WQ-10 and hydrotalcite
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 1-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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55 Exanpl e Reaction Tenperature Butadiene
concentration in 1- butene fed to the reactor Butene
Conversion 38 200C 0 17% 39 225C 0 69% 40 250C 0 69%

41 '

52
was fed at ambient pressure at a rate of 1 ml/min, and the

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

The gas mixture obtained from the bottom of the reactor was

analyzed on-line by gas chromatography. Based on the
composition taken 2 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 17.5%.
Further, propane was generated together with propylene, 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]
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200C 230 ppm 21% 42 225C 230 ppm 70% 43 250C 230 ppm
70% [ Exanple 44] The reaction was carried out at
200C in the sane manner as in Exanple 38, except that
the catal yst packed in the reactor was changed to 0.1
g of W10 and 0.5 g of 7- 5 alum na-supported Na20
produced in Exanple 18. Based on the conposition
taken 3 hours after the reaction initiation, the
but ene conversion cal cul ated by deducting the total
anDunt of trans-2-butene, cP3-2-butene and 1-butene
E gas at the outlet, fron1the anount of supplied
E Feﬁ@aﬁé§°69wﬁslga¥ﬁéeﬁr@yﬁlé@et§®I@@mﬁvmaynwasas in
3% and small amounts of pentene and hexene were
Exaﬁ‘é’ @r ded F¥reRidittiadn. thrumerrert 1 qor dpempee neesi mpe nersatsed. at

25 t.ogether with propylene, and the ratio of
OpFopaf@rsidopl éie WeRrPI0GRn Hakempl diodB]s after the

reaction initiatipn, 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 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 reaction 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%.

[Example 42]
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15The reaction was carried out in the same manner as
in Exanpl e 44, except that the adsorbent in the
but ene purifying tower was changed to y-al um na. The
1-butene fed to the reactor at this tinme contained
230 ppm of 1, 3- butadi ene. Based on the conposition
taken 3 hours after the 56 reaction initiation, the
but ene conversion cal cul ated by deducting the total
amount of trans-2-butene, cis-2-butene and 1-butene
in the gas at the outlet, fPédmthe amount of supplied
1- butene was 69% The propyl ene selectivity was 5
93¥eangasikdlon awsuses réfedentterian aid lFexeneaneee as in
generated in addition. Further, propane was generated
® Helrr RAGERST dpiAtertdie arrbethion atémpafature was set at
propane/ propyl ene was 0.00019. [Table 12] Propyl ene
2255 ¢nt hédised exe i anoms i Few trtasr | Rl hdor < et mitig
230 ppm of but adi ene and using WQ- 10 and
reagiien Adbidupporaned e M uberrs| eorResct ion CEenparatad &y
But adi ene concentration in 1- butene fed to the
dedugidpgr thig divs adormmengitor 44 1200C L-b183%e, cis-2-butene

and l-butene in the gas at the outlet, from the amount of
supplied l-butene was 70%. The propylene selectivity was
94%, and small amounts of pehtene and hexene were generated
in addition. Further, propane was generated together 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°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 70%. The propylene selectivity was.
24%, and small amounts of pentene and hexene were generated
in addition.

[Table 11)

Propylene synthesis reaction perfofmed using a raw

material containing 230 ppm of butadiene and using WQ—lO and

hydrotalcite
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45 200C 230 ppm 69% [ Exanpl e 46] The reaction
was carried out in the sanme manner as in Exanple 41,
except that the reaction was carried out at 15 250C
using a raw material conprising 1, 3-butadi ene nm xed
inat aratio of 2 g wth respect to 200 g of
1-butene. The 1- butene fed to the reactor at this
time contained 1.04% of 1, 3-butadi ene. Based on the
conposition taken 10 hours after the reaction
initiation, the butene conv§53|on 20 cal cul ated by

l__l

I [ an
E %Egéjc Iﬂ% ItPc?n [% oncFﬁteraézgn iﬁe out | &J,tene

Cl s- z,ﬁu ne and
. Jemperatu & G704 Conversion

U eImTe_ai

3 varm|n2Whﬁ The reaction waslcarried out iph the shite

TAT

’J
nndr_a329°%6 5 I anple 46, ex8ept that the |eacti oses

s garrk®¥dcout Jat 275C. Based on the conpopition gos

tiaken 5 befes afiter the reaghigi initiationf the 5

hut ene conversi on rate cal cuhaf G Dy aedyc |ngmg N
[¢1N]9]

tal a of [trans-2- UUL crs—2=—butene }
2 LS EXIY el 10 ameifit

fraom+th

I- DU[ ene 1T I.IIU yas al. l. IIC oot Cl., T Ottt Te

[Exgmpdapplied 1-butene was 68% [Exanple 48]

The reaction was carried out at 200°C in the same
manner as in Example 38, except that the catalyst packed in
the reactor was changed to 0.1 g of WO-10 and 0.5 g of y-
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~buten¢, 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 93%, and small amounts of
pentene and hexené were generated in addition. Further,
propane was generated together with propylene, and the ratio
of propane/propylene was 0.00021.

[Example 45]

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
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The reaction was carried out in the sane manner as in

Exanpl e 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 gas

at the outlet, fromthe anount of supplied 1-butene

was 68% [ Exanple 49] 20The reaction was carried out

in the same manner as in BEXple 44, except that the

reaction was carried out at 250C using a raw materi al
reaghhphi shhglat Bobut &licehutanredonmeasianr abiloudhtadgby

with respect to 200 g of 1-butene. The 1- butene fed
dedpgting fhaictoFait amhiptt petcensalabdt&ne4%cak-258utene

1, 3-but adi ene. Based on the conposition taken 20
andpbrpatene ein t eer gast abnthai biial ebp, fabmwbhehahburt of

t he maxi num activity was achi eved, the butene
Suppbhe@r kit et cuhat 88%by Geduptbpgléhe belabtambtptwas

of trans-2-butene, cis-2-butene 5 and 1-butene in the
93% gaandtsmie cuedentsfpbnpehtensvantd béxsnppheed generated
. 1l-butene was 58% No propane generation was confirmed
in di*Qﬁqp¢irﬁyr@ﬁgaineoﬁ@@eTh&sr@@ﬂéf@ﬂe@ﬁﬁogéthéﬁdwith
~out in the sane nmanner as in 10 Exanple 49, except
PIORWRNG handeddts onawes chrprecanelpabpRlofe Based. Omo19.

t he conposition taken 15 hours after the reaction
[TahXf ti2dti on, at which tine the maxi numactivity was

achi eved, the butene conversion cal cul ated by

dégepyiiaget Ayntbiesi sammantt ioh tusamsr 2r ubveltyterial

ci s-2-butene and 1-butene in 15 the gas at the
cont@uitniety, 2B00mrtthes Armurdd tdnes Upp i edh dg bigene 2¥@s 68%

No propane generation was confirnmed at this tine.
aluripegppppostedrife.Oeact i on was carried out in the same

eept—that-—the-reactionwas

ExantBITEL_das 1N anphe49—exeept—that—
RIS | BU A" at] 2BUEIOERS SREEW AL e it okmposi t i orPutene
t aketF Do IUEe (af t SItERR fedake ithe Yesictemt | oh, atonmersivn

44t i ge t RBOWAXi um activity was achi eved, thé but eness

45coriver 89@Ww caljcul ated by dedugki ng the total anmougds

[Exaﬁﬁlgr§@§-2-butene, Ci s-2-butene and I-butene 1Tn 59
the gas'at the outlet, fromthe anount of supplied

t 69%. No_pr. ti fi d
;?Q hﬁ%ﬁ?&ﬁ%ﬁ Tﬁ%ngrgg%HaggtgggeEgelggmga%a%%grl;gein

Example 41, 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

‘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,
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Propyl ene synthesis reaction perforned using butene 5
containing 1.04% of 1, 3-butadi ene Exanpl e Catal yst
Reacti on Tenperature Butene Conversion 46 WQ 10 +
hydrotal cite 250C 67% 47 275C 68% 48 300C 68% 49

WQ 10 + y-al um na-

57
cis-2-butene and l-butene in the gas at the outlet, from the
amount of supplied 1-butene was 67%.
[Example 47]

The reaction was carried out in the same manner as in
Example 46, except that the reaction was carried out at
275°C. Based on the composition taken 5 hours after the
reaction initiation, the butene conversion rate 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 suppliedll—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 l1-butene. The 1-

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



supported Na20 250C 58% 50 275C 68% 51 300C 69%
[ Exanpl e 52] A butene purifying tower was
produced in the sane manner as in Exanple 1, except
that 2 g of WQ-10 and then 3.5 g of hydrotalcite
(Kyowa Chem cal Industry Co., Ltd., 10 Kyowaad 500,
500 gm were successively packed fromthe bottom of
the butene purifying tower. Subsequently, a reactor
was produced in the sanme manner, except that the
cat al yst packed in the reack®r was changed fromthe
m xture of WQ-10 and hydrotalcite to a m xture of
1, Syr@cifders RazGdnegnddie aunimds Midombtakiare @ byhours
suspendi ng 15 g of magnesi um oxi de and 80 ng of
AL tEddithf Kpdcduionle iind tAG0 imn ofa tarwtsigue duisnes alhiet ineix i mum
dryi ng by evaporation, and cal cining (550C x 8
actyyiity) waghiach igaredpadihed buteartee geeaeterion calculated by
Subsequently, 50 m/mn of nitrogen gas at ambi ent
dedycédngr dhesGonas Rowed iaft & ames edettenef,r ahst2ebutene
top, and the gas exiting fromthe bottomwas fl owed
and ﬂt—buttﬁ@ebéﬂeﬁéepgaisf Wtn g hteowert fetomftrom lokt eamcuet of
the top. The tenperatures of the reactor and the
Suppdi efle lphliepenyasonét .welie @idopaney geeadration was

confirmed at this time.
[Example 50]

The reaction was carried out in 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 l-butene in
the gas at the outlet, from the amount of supplied i-butene
was 68%. No propane generation was confirmed ét this time.
[Example 51]

The reaction was carried out in the same ﬁanner 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
achieved, the butene conversion calculated by deducting the

total amount of trans-2-butene, cis-2-butene and l1-butene in
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5 550C and mai ntained for 1 hour. Next, a gas m xture

formed by adding 50 ml/mn of hydrogen gas at anbi ent

pressure to 50 m/mn of nitrogen gas at anbi ent

pressure was flowed at the sane tenperature for 30

m nutes. Wiile flowing again 50 m/mn of nitrogen

gas at anbient pressure, the butene 10 purifying

tower was cooled to 150C, and the reactor was cool ed

to 175C. 1-Butene (purity 99% Takachi ho Chemi cal

Industrial Co., Ltd.) gas dbstilled over y-alum na

(Sum tono Chemical Co., Ltd., NKHD- 32) before use was
thef [gawedti rithe to lleut,erfrcld iy i dnydung: todwerugfiglamd he-butene

bottom at anbient pressure at a rate of 12 m/mn.
wasTHE Spur iNdi @d obalniet e cobitdioredvdy aornfem=ep S his time.

conbined wth ethylene that was fed at anbi ent
[Tapdesddrle at a rate of 18 m/min and hydrogen that was

fed at anbient pressure at a rate of 1.5 m/mn, and

t hBropxiene gPnwhssiedreacthenr paetormbnonsing HAPehA

t he gas phase. The gas m xture obtained fromthe
conpetindmgofl . OHé pdadt, G-bmanddraleyzed on-1ine by gas

aphy—Based—on-the-conposition taken 3

e ot ooy
LT grmatcoyiaptty— ] k T . .
Exampltils after CRE*Y¥eaction iniltiatReastiethe byt ene Butene
conVersion calcul ated by deductiemgetdtertot dl ap@umtsion

461 of t Fand- 2-lutrenslcicies- 24 but enesamd 1- but ene | &3

4the |gas at the outlet, fromthe apgpimt of Suppliegh,

4d-butene was 40% [ Exanple %3] 'n§06°%,"i‘cf_i 0 vvasMGB%

s&arnied ﬁ-‘loi N1 e Sale maner—as v 5 Exafpte—52
2% nd LR P 53

e
pt t the ca aoyst pa¢ket—h-tHe—+reagtor—was

56 XC L K At
—changed frofrthe m'&ture of [WO-102En& hydrgtalcit®%o

mlyt L

a—bxt ich wa&2%

wre-of MO 10 and Na20/
[Exabpaéngd) by -suspending 15 g of hydrotalcite (Kyowa
Chem cal Industry, Ltd., Kyowaad 500) and 80 ng of
s adinine deiryaid ey 1 Ky 20008F 9 Op - 88N ePNS 5! YLion,
drying to solid yrﬁgevapor ati oﬁ,ﬁgnd gg#c%i%%g(g%% X

man@e O Sin HRSmIRS M XbUEepebtahped frgm fRe;pothgmat
the reactor was anafyzed on-line by gas
3.5 Clir Ofreth PF PhYc 1 BaS ely Ot bﬁe&?@@skhgﬁgt%gfgﬁé?’ Ltd.,

hours after the reaction initiation,

Kyow:H e3¢ ons dd ;ﬁ@i Cid AL eQuQ%egggy%%%gﬁa&fg&at g%gll&t Elﬁ

anmount of trans-2-butene, cCIS- e an

bottidh tde Gas s KT e a pl i ed
° 1- but ene was tSéZII‘g/%e E%(%ﬁ%f%&ﬁ?%ér e rgg%?‘%%ﬁéﬁggg' s

read@®r etk Phodidde: $apRe '@Qﬂggagﬁnjep ngggé?‘g\lr:ﬁ%ggthe

except that the catal yst pac Inthe'¥

catLRaR0eh dwrQm fhe-ma Xﬁé’é@tg%/ M& 191131[’1'?%%3/9{*8}1 a‘L\Aﬁlel!a Erﬁikeure

a mxture of WQ- 10 and Na al um na- nesia _
T anl L R vl chne oTi e 20y Shopy ramanest @
Na,0e¥aadi20Q8) cAdas 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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62 40 nmg of sodium hydroxide in 200 m of an aqueous
solution, drying to solid by evaporation, and
cal cining (550C x 8 hours). The gas m xture obtained
fromthe bottomof the reactor was anal yzed on-1line
by gas chromat ography. Based 5 on the conposition
taken 3 hours after the reaction initiation, the
but ene conversion cal cul ated by deducting the total
amount of trans-2-butene, cis-2-butene and 1- butene
in the gas at the outlet, f¢@mthe amount of supplied
1-3utene_mas 58% 10[ Exanpl e 55] The reaction
was,de opger ii8dcotitiel ierivd ogaferomariher tap,i ArEk atpl ga52,
.except. that the catal yst packed in the reactor was
SXIERRAGEIOPr et Retivont Wee 6fl.owedldndied thyedbottahnel e rti@ying
a mxture of WQ 10 and 1K20/ al um na- magnesi a whi ch
Lowgrs fgpathedbebtey $aspbrditng .15 Theoteaperatures of the
al um na- magnesi a solid solution (Kyowa Cheni ca
rearhahsepy, thedbutrpewand iZ000)y aonset0weyeohlpotassihled to
pitrate in 200 m of an aqueous solution, drying to
55055 ppdppaenhpdradi ar anboval-ci Nerg, ( 556EsxmBxhaues Formed
The gas_m xture obtained fromthe bottom of the
by 2ddirgr>Qesl iminnafykrdrogehi pesbytgasbient pressure to
chromat ogr aphy. Based on the conposition taken 3
S0 Mmb(rin 49 eh1t hegeragasonti ambiiahtopretharbutenerlowved at
conversion cal cul ated by deducting the total anount
the gfape Jrepe patene, fers30- bihehesandwhibat éDewingt A§ain 50
gas at the outlet, fromthe anount of supplied
ml/@}Qnﬁﬁﬂﬂﬁmﬁgg@QQQES6@t[Hmbieni4kressur9rOﬁyéenﬁtene
synthesis reaction perfornmed at 175C using WQ- 10 and
pur%ﬁ%*%ﬁmﬁ?ﬁﬁﬁxﬂ%ﬁy@@@l@&anplESKTGd ofidcoheat8hysbr was

support Kind of nmetal supported on co- catalyst
coo Qé;ﬁﬁnllﬁﬂ%fnined fromthe introduced wei ght) Butene

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 therbutene
purifying tower from ﬁhe 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
preésure at a rate of 18 ml/min and h&drogen that was fed at
ambient pressure at a rate of 1.5 ml/min, and the mixture
was fed to the reactor from the top in the gas phase. The
gas ﬁixture obtained from the bottom of the reactor was
analyzed on-line by gas chromatography. Based on the
Cbmposition taken 3 hours after the reaction initiation, the

butene conversion calculated by deducting the total amount
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Conver si on 52 Magnesi um oxi de (Kyowamag 150) Sodi um
oxi de(0.5% 40% 53 Hydrotal cite (Kyowaad 500) Sodium
oxi de(0.5% 52% 54 Magnesi um oxi de- al um num oxi de
solid solution (Kyowaad 2000) Sodi um oxi de(0.25% 58%
55 Magnesi um oxi de- al um num oxi de solid sol ution
(Kyowaad 2000) Pot assi um oxi de(0.125% 62%

[ Conpar ative Exanpl e 1]

6l
of trans-2-butene, cis-2-butene and 1-butene in the gas at
the outlet, from the amount of supplied l—buténe was 40%.
[Example 53]
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 WQ-10 and hydrotalcite to a

mixture of WQ-10 and Na,0/hydrotalcite 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 aqueous 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 l-butene in the gas at the outlet, from the
amount of supplied l-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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5The pretreatnent, reduction treatnent and nitrogen
purge were carried out wwth the sane reactor and
but ene purifying tower as those used in Exanple 1,
and then wi thout flow ng hydrogen through the
reactor, ethylene and trans-2- butene were fed to the
reactor at the sanme rates as those 10 used in Exanple
1. The butene conversion obtained by anal yzing the
gas at the outlet taken 3 hours after the reaction
initiation was 49% The prop¥l ene selectivity based
on butene at this tine was 91% and a small anount of
40 Benpéneodasmgbydraredei nna@diot imdn oflahCampabasi ¥e1ution,
Exanple 2] 64 The pretreatnent, reduction treatnent
dryand hpt sodéd pyr geaperettansi addodhlwihinkhessame x g
reactor and butene purifying tower as those used in
hougginpl €hg, gasdmikenrei bhoatnkdowirog hydr BgeBokhhbeUghe
the reactor, ethylene and trans-2- 5 butene were fed
reaggorheapeantdyzat dhelsmmebyates ahrbhaseguspHyLN Based
Exanpl e 1. The butene conversi on obtai ned by
on hpl gohpgsihéoyatakent Behourbeh ftakenhd hesesiaht er
. .the reaction initiation was 1% The propyl ene
1Nl etenyi the baseenenconrensiah thisulhtBdves 89%ucenty
a small anmount of 10 pentene was generated In
the gerfial ormofu@onpar atave- Exanpbee 3] cis-2-blbéne and 1-
pretreatment, reduction treatnent and nitrogen purge
buteps elrearhe egh o T ilid dlnel saprefremct Be ancuBtt 8hesupplied
purifying tower as those used in Conparative Exanple

1-buterghdvas$ 38en without flowi ng hydrogen through the

reactor, ethylene and trans-2-butene were fed to the
[Exampdet drdlat the same rates as those used in Exanple 1,
and the operation was carried out in the sane nmanner,
eXbeprepsat opheaseaatrirdred enperiat Wre: WRSeS @lardte BARC i n
The but ene conversion obtained by 20 anal yzing the
Exanmgde 2t mxannt dthatakere Tdioal gsaf peckdde s eaed | 8bctor
initiation was 74% The propyl ene selectivity based
was ghapgeshd ram tifies ntiixtelveso © 500 - B daed SRl oMt e Ofo &
. pentene was generated in addition. [Conparative
nixtpggnmeife W10 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 sclution, drying
to solid by evéporation, 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 l-butene in the gas at

the outlet, from the amount of supplied l-butene was 62%.
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65 The pretreatnent, reduction treatnent and nitrogen
purge were carried out wwth the sane reactor and
but ene purifying tower as those used in Exanple 31,
and then wi thout flow ng hydrogen through the
reactor, ethylene and 5 trans-2-butene were fed to
the reactor at the same rates as those used in
Exanpl e 1. The but ene conversi on obtai ned by
anal yzing the gas at the outlet taken 1 hour after
the reaction initiation wase8% [ Conparative Exanple
5] 10The pretreatnent, reduction treatnent and
[Tabte dgelh purge were carried out with the same reactor
and butene purifying tower as those used in Exanple
32 Prapy lehen synt-hewti sf rewictd oy @eageinddl Q4gh 75Pe ysing
reactor, ethylene and trans-2-butene were fed to the
WOldharot vadritche save-d@des@s 15 those used in Exanple

+—TFhe—butene—conversion obtained by analyzing the
Exagpie finohet sgrratelyakékind rfumetdlt enpidreed eacté-0h Butene
I nit) ati onfuweasrR22% [ Conparatsty dramamnpliecbhirddd®e | Conversion
pretlreat nent, reducti gn trmopatienbtandcad teogan 20

5pur gde WRpeeGahldLdeoull W t hsther,Sae.r gacEor and 102
but ene pubidyngssowel as those used in Exanple B3

h

-+ -

ne
5

2%

D

sand ther}iy\%%ghg.g' trogenm fipw rate of —10g mt+mn
but gne pyr | Xclin_ié) onel was c%doﬁmé‘dmilgeSB}C}é’ﬁhnd th
At o Was Eoohed—t-6-2006—W-t-hout—f | owing hydrbgen

Sﬂedbl Ula Was ~COoTeU—1-6 ¥ : gy g
t hr qugP gt FedttH, et hyl SREIEhE=id6 (Pr2itd- 2- buf enesss
were fediPgwrhexidact or at the sane rates as those
used i rFoEkdmeitetBzh  The but ene conversi on obtai ned by
anallyzij tkgotvdee! gado)at the outl et taken 10 hours after

58 he |r e&@heOun 8kideat | PN Was ads 8% oDi J-CoHPakal | Ve 62%
Exanpl e1dhinum oxide pretreatnment and reduction
treqt meRk ; Mg, calriefd out with the same reactor{ and

but ¢ne RULIfyi D& d,ovel as those used in Exanple 33,

an £1 fate—-of 100/ m-n_the

and tnem wtm a1 trogert—Trowtrate—o
[Compaepel parFtympyet dher was cooled to 50C, 10 and the

reactor was cooled to 250C. Wthout flow ng

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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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
conversi on obtai ned by analyzing the gas at the

outl et taken 1 hour after the reaction initiation 15

was 71% [ Table 15] Propyl ene synt hesi s

reaction perfornmed w thout allow ng hydrogen gas to

co-exist with the raw material Conp. Ex. Nane of

Catal yst Kind of Co- catal y& Reaction Tenperature

Pressure Butene Conversion 1 WQ 10 Hydrotal cite 250C

ArBhenpretesstmend9%eduction treatment and nitrogen
purge were carried out with the same reactor and butene
purifying tower as those used in Example 4, and then without -
flowing hydrogen through the reactor, ethylene and trans-2-
butene were fed to the reactor at the séme 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 1%. The propylene selectivity based
on butene 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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2 Sane as above Sane as above 200C Sane as above 1% 3
Sane as above Sane as above 300C Sane as above 74% 4

MbQ 15 Sane as above 300C Same as

65

The pretreatment, reduction treatment and nitrogen
purge were carried out with the same reactor and butene
purifying tower as those used in Example 31, 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 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—Z—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 reactor 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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and the reactor was cooled to 250°C.

above 8% 67 5 Sane as above Same as above 350C Sane
as above 22% 6 WQ 10 Sane as above 200C 3.5 MPa 7. 8%
7 Sane as above .

66
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 10 hours after the
reaction initiation was 7.8%.
[Comparative Example 7]

The pretreatment and reduction treatment were carried
out with the same reactor 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,
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 Ceo- Reaction Préésure Butene
Catalyst catalyst Temperature Conversion
1 WO-10 Hydrotalcite 250°C Ambient 19%
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 306°C Same as 8%
above




10

15

20

Sanme as above 250C Sane as above 71% [ Conparative
Exanpl e 8] 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 m/mn, the butene
purifying tower was cooled to 50C, and the reactor
was cooled to 275C. Wthout flow ng hydrogen through
the reactor, ethylene and 1-butene were fed to the
reactor at the sanme rates ag7those used in Exanpl e

ebtained-byv lyzing the

o

38— Tfhe—butenre—econverston—-o by
éas at “EPe 20| otAtePSt2egA 1 hodRO Sfter tSmmeramact/i on 223%
Fnitilat #RAYewak 44% [ Conparatijve Exanple 9pove The

Peactli o¥Rds [casareedsoatovien |t hezmdoe NMpNeE @ i N 7.8%
Conpdr asrev @s Exapgplee a8, avdivb hout add-ew ng hydrogenito ;15
Co- eXi séndv@ the reactor, exgept that the agseorbent in
[Cthe but.ene 15 purifying tower was changed to
JPICGINE, EFREPLey&lene fed to the reactor at this
tiﬂe cont ai ned 230 ppm of butadi ene. The butene
cohV8rBfeh oBEAPREJaBY &RANGEiAG theagmsnst wehe carried
outlgt %}aken 1 hour after the reaction initiation was
OUtIHIFIAFPEr SEMROEFEHPT RES PadENEN Pumiifivirigomower as
th significant 20 catalyst deterioration was observed.
CPBoHpgHat PvEXERRAS S810pndeghen withhe nédcoigem dow rate
£ %@éri 2 out in the same manner as in Conparative
© rrB'& m3N, witPRo bl Lo gk fgidro dervan wos exdstednto 50°C,
the reactor, except that the reaction tenperature was
andgppe reaphber was Barerd &onvdbsCon Bbtabnsd fBpwing
h danalgzi ng the 5 gas at the outlet taken 1 hour after
YA R@ST ebREPRHN | Bhei HER6HORas e6hyd eheoapdr AtbuseBramplre fed

to %ﬁé 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
Comparative 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 l-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 cbserved.

[Comparative Example 10)
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The reaction was carried out in the sane manner as in
Conparative Exanple 9, wi thout allow ng hydrogen to
co-exist 10 in the reactor, except that the reaction
tenperature was set at 300C. The butene conversion
obt ai ned by anal yzing the gas at the outlet taken 1
hour after the reaction initiation was 47% After 5
hours of the reaction initiation, significant
catal yst deterioration was observed. 15 [Conparative
Exanpl e 12] The reactia@h was carried out in the
sane manner as in Exanple 46, using butene containing
1. DAgs pfadut adli ene asrthedrawt mphethal sawxcepinéhads in
the reaction tenperature was set at 300C, and no
Comhpdrbgen Basmphs Bedwiehbhe eeaeowong BQdFbgehuteneo-exist
~conversion obtained by analyzing the gas at the
in bhel eeatbéen dxbept ahher thbereeacibanteApbiratiheB WAS set
17% [ Conparative Exanple 13] The reacti on was
at gePrCed Dok butéhe saffeeFBNOAr oBSali Ne€OBPaLALIYEing the
Exanpl e 12, wi thout supplying hydrogen to the 69
gasrelactbe,oextepttdkah LhRoteasfFier trapeeatdienWagis€htion
at 350C. The butene conversion obtai ned by anal yzi ng
wasthksgas at the outlet taken 1 hour after the reaction
initiation was 68% That is, when a raw materi a
[Corgpmt i InengedarfidPe of 1 but adi ene was used, it is
difficult to obtain a conversion exceeding 60%if the
r §dct irewa ctteape Watsl ra 1S aitoed emateds tamdb0GnasS- as in
shown by the present Conparative Exanple, while a raw
Compeatagtried Bxomigliai 9ig WOt hothadi EDewas | BY&Boden to co-exist
conversion of 61% at 300C as shown by Conparative
in thanpatdy, kK{dabt ecHSt the reREODYhEREmSYPLPESESwas set
reaction perforned using a raw material contai ni ng
at H‘adi erheanthtiesid oMY 465 Bol @Nﬂ&pﬁ@&%yea@wzn% the
Reacti on Tenperature Butadi ene concentration in 1-
gas [ait erie foert ey thekreartiosuBul ener CoMY erSi®@Pion 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
set 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



8 275C 0 44% 9 275C 230 ppm 38% 10 300C 0 61% 11 300C
230 ppm 47% 12 300C 1.04% 17% 13

69

reactor, except that the reaction temperature was set at
350°C. The butene conversion obtained by analyzing the gas
at the outlét taken 1 hour after the reaction initiation was
68%. That is, when a raw material containing 1.04% of
butadiene was used, it is difficult to obtain a conversion
exceeding 60% if the reaction temperature is not elevated to
350°C, as shown by the present Comparative Example, while a
raw material containing no butadiene achieves a conversion
of 61% at 300°C as shown by Comparative Example 10.
[Table 16]

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% i7%
13 330°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 nitrogen 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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350C 1.04% 68% [Reference Exanple 1] 15The
pretreatnment and reduction treatnment were carried out
with the sane reactor and butene purifying tower as
those used in Exanple 1, and when nitrogen purge was
carried out, a gas m xture of nitrogen/ hydrogen = 1/1
i nstead of nitrogen gas was used to cool the reactor
and the butene 70 purifying tower to a predeterm ned
tenperature, and w thout flow ng hydrogen through the
reactor, ethylene and trans72- butene were fed to the
reactor at the sane rates as those used in Exanple 1.
Purfdey ing ey asorivee ras inore det exitmigte d yt Snpsnad tyzieng dre wgiashout
at the outlet taken 1 hour after the reaction
flawding dvidmeasas tHE%udkhes Heutesres toony ertdiydrerebtanidedr s -2~
analyzing the gas at the outlet taken 5 hours after
buteme meaest ifed it thhet i atese 489t Heurdawes martes s tdee those
reaction was further continued for another 12 hours,
usegutinn Excirgdge li.n e 10 tcony ersiirsias: aigerivedti by
As such, the netathesis reaction can be carried out
anagty Zioge it hee geesr atturtds cornpartedalidrh Ic drventd firat [the
known reactions, by allow ng hydrogen gas to co-exi st
reajicit ivipe 103 tiedd tinowarsaw Stat erliitad utfeunet kemmenesion obtained
sufficient reaction rates can be achieved even at | ow '
by pnedyurey, tivet aust aparthiec herllet reaten iSNgidugh after the
pressure as conventional reactions do. In addition,
reaggépnwhenthaténe east digdi.ng futtadirened,s tiredas:tdon was
raw material, the invention is 20 characterized in
furthetr trhetdeved doat eowtdfert He datalsysbuts deeshange in the
conpared with the case of conventional netathesis
conyaralpst wasAsbaratvkelr. feature, there is
responsi veness to the inprovenent in the reaction
activity through hydrogen supply. That is, when the
hydrogen supply is tenporarily 71 suspended and
r ssnsach at ehe méeachéstt obacapoaviag bbecaekivdt yut at
t hrough hydrogen addition is restored. Such behavi or
loweanteigarétuans| yompatreidbutie ht @cnkenapenatlilgn known
stability in industrial production. Furthernore, when
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
partigularly requiring high pressure as conventional
reactions do. 1In 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



5 ol efins and hydrogen gas are usually allowed to

co-exist, there would be fear for side production of

par af fi ns; however, in contrast to the prediction,

si de production of paraffins is |ess, and

particul arly 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. 72

CLAIM5 1. A process of producing ol efins through a

netathesis 5 reaction of reétting honol ogogs or

het er ol ogous ol efins to produce ol efi ns having
susgiepogde AN ds regomeded atwhsr dihe tdff ercgactfi Ampirovoary itee

put in the co-existence of hydrogen gas and in the
actgvadenddrofigh batabgen ecutidiinimdg satreseastedone Swetal

el ement selected fromtungsten and nol ybdenum havi ng
behavigrstencsiyeidficheitdy swoparifed eon osithiec @pant td on

conmpound contai ning at | east one netal el enent
stabdlld¢tvednf Aodusheimdt grodufctGooup [Fartakkalorayewdles)

G oup ha (alkaline earth netals), Goup Ilb and G oup
oleffing asdahydrogenl yat mmreadditzildly tadlokedcabalypsiexith,

20 72a 2. The process of producing ol efins
thegecwpdildgbeofetai fivt, siwher pirvdaictieasbfopa raf fihe ;

netal elenents contained in the co-catalyst is
howevehi udh sodiuaptpbbasbeupredignasnymsical piro@uction of

yttriumor zinc. 5 3. The process of producing
pargféfinasiactessi ngndopakaimulaarl y2whehesecn-thealyst of

co-catal yst is a conpound selected fromthe group
aluppnaistuppgroéd negdtsmunxddiedd'’s, ueakci umeoxside, production

yttrium oxide, zinc oxide, hydrotalcite and a solid
pargbfinsopaltbef rafluoedutvoxi dergederagnesi um oxi de.

4. The process of producing olefins according to

claim2, wherein at | east one of the Metal elenents

contained in the co-catalyst is |lithium sodium or

pot assium 15 5. The process of producing ol efins

according to any one of clains 1, wherein the

co-catal yst has a structure of being supported on a

support. 20
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73 6. The process of producing ol efins according
to clainb, wherein the support supporting the
co-catalyst is alumna or 5zirconia.- 10 15 20 74

7. The process of producing olefins according to any
one of clainms 1 to 6, wherein propylene is obtained
by reacting 5 ethylene wth n-butene. 8. The
process of producing ol efins according to any one of
claims 1 to 7, wherein the gnmount of hydrogen gas to
coexist- with the raw materials fed to the reactor is,
when the 10 anmount of the raw materials is in terns
of gas, 0.1 to 80% by vol ume based on the total
amount of gas. 9. The process of producing

ol efins according to any clains 1 to 8,
wherein the anmount of the co-catalyst with 15 respect
"to the catalyst is between 0.1 and 20.

i. A process of producirig olefins through a metathesis
reaction of reacting homologous or heterologous olefins to
prodube olefins having different structures, wherein the
reaction is carried ocut in the cerxistence of hydrogen gas
and in the presence of a catalyst containing at least one
metal element selectéd from tungsten and molybdenum having a
structure of being supported on silica and a compound
containing at least one metal element selected from the
metals of Group Ta {(alkali metals), Group Ila {alkaline
earth metals), Group IIb and Group IIIa as a co~catalyst in

addition to the catalyst.
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2. The process of producing olefins according to claim 1,
wherein at least one of the metal elements contained in the

ce—catalyst is lithium, sodium, potassium, magnesium,

calcium, ytirium or zinc.

3. The process of producing olefins according to claim 1
or 2, wherein the co-catalyst 1s a compound selected from
the group consisting of magnesium oxide, calcium oxide,

yttrium oxide, zinc oxide, hydrotalcite and a solid solution

of aluminum oxide and magnesium oxide.

4. The process of producing clefins according to claim 2,

wherein at least one of the metal elements contained in the

co-catalyst is lithium, sodium or potassium.

5. The process of producing clefins according to any one:
of claims 1, wherein the co-catalyst has a structure of

baing supported on a support.
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6. The process of producing olefins according to claimb,
wherein the support supporting the co—catalyst is alumina or

zirconia.
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7. The process of producing olefins according to any one
of claims 1 to 6, wherein propylene is obtained by reacting

ethyvlene with n-butene.

8. The process of producing olefins according to-any one
of claims 1 to 7, wherein the amount of hydrogen gas to co-
exist with the raw materiéls 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.

9. The process of producing olefins according to anyuone
of claims 1 to 8, wherein the amount of the co-catalyst with

respect to the catalyst is between (0.1 and 20.



