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DESCRI PTI ON CATALYST FOR PRODUCI NG LI GHT OLEFI NS AND
PROCESS FOR PRODUCI NG LI GHT OLEFINS 5 TECHNI CAL FI ELD
[0001] The invention relates to a catal yst for
producing a light olefin and a nmethod for producing a
l'ight olefin. 10 BACKGROUND ART [0002] A light olefin
such as ethyl ene, propylene and butene is a crucially
i mportant conpound as basic raw materials of various
15 chem cal products. As the nethod for producing a
light olefin, a nunber BFSAOREIPAGAS are reported in

whi ch oxygen-contai ning organi c conpounds such as

nmet hanol and dinmethyl ether as raw materials are
processed bYATAIYST &OBaPROBKIING] DD@E] OLZGINA t he
above- ment aignetooet Hocbd @ropuotucimgra bightys ol ef i n,
zeolite has been used nmainly as a catalyst. As for the
zeolite to be used, a nunmber of cases have been
reported in which silicoal um nophosphate having a CHA
structure (SAPO 34) and alumnosilicate having an

MFl structure (ZSM5) TaraiNgsad PBELMNon- pat ent docunent
1 and Non-patent docunent 2). 1 [0004]

[0001]

The invention relates to a catalyst for producing a light

olefin and a method for producing a light olefin.

BACKGROUND ART
[0002]

A light olefin such as ethylene, propylene and butene is
arcrucially important compound as basic rawmaterials of various
chemical products. As the method for producing a light olefin,
a number of methods are reported in which oxygen-containing
organic compounds such as methanol and dimethyl ether as raw
materials are processed by using a catalyst.

[0003]

In the above-mentioned method for producing a light
olefin, zeolite has been used mainly as a catalyst. BAs for the
_zeolite to be used, a number of cases have been reported in which
silicoaluminophosphate having a CHA st;‘:ucture (SAPO-34) and
aluminosilicate having an MFI ‘structure (ZSM-5) are used

(Non-patent document 1 and Non-patent document 2).
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O these, SAPO 34 has a snmaller pore size than ZSM 5.
Theref ore, carbonaceous substances are deposited on
the surface thereof, and active sites (acid sites)
whi ch act effectively 5 on the synthesis reaction of a
light olefin are poisoned, whereby the Iife of the
catal yst is shortened (coking deterioration)
Therefore, in the method for producing a light olefin
[dﬁ%qﬂg SAPO 34 as a catal yst, a continuous regeneration
od wth a fluid bed reactor is enployed, for

exanmple. . 10 [QQQ nwhi | e, conpared wt
SAP00§4Fh€§Ei'n§APg7]ét3g$ Porad S Sde d’sreslsc}vﬁ%/q’ihr?n ZSM=5.
ZSM5 having an MFI structure. Therefore, ZSM5 can
ThegfIfioXe  aC HEP PRUCE BYS SHEEHENRE S22 T £ §ISPosdited o bdengprface
af i xed bed reactor (Non-patent docunent 3). Since 15 a
thieineed ,beddr eattioe hasea $haptesiteattwhechsaconphieatively
with a fluid bed reactor, it is economcally
ona@hants3geers iish reespaein off adnisjirtucilicficestes @riddresd,
like. For this reason, in the nethod for producing a

whlei @Rty @hef R feSioFy tiZeQldd18, aviNG sy tdvidd Stddietnd e,
studies have been made to further suppress 20 coking.

aek 2996 .a%qto?lgte. d?ﬁ&?@@&ﬁé, %@th@%%@dﬁ%og%{f@g@ir@ a light

each disclo at coking deterioration can

suppressed I n¢cor porat i an al kal | ne r -
o1giRR 68 e R B ok AR R P SR L R rat s on

structure. In_additiaon, Patent,docun%Pt 1 aﬂg)
mefpRrIpHicht @ ddedrReReds TEAGT W 48 SERLIRI HE T H%ATRe
[OBBE? may be prol onged

Meanwhile, as compared with SAPO-34, coking
deterioration proceeds slowly in ZSM-5 having an MFI structure.
Therefore, 7ZSM-5 can realize a method for producing a light
olefinusing a fixed bed reactor (Non-patent document 3) . Since
a fixed bed reactor has a simple structure as compared with a
fluid bed reactor, it is economically advantageous in respect
of construction costs or the like. For this reason, in the
method for producing a light olefin using a zeolite having an
MFI structure, studies have been made to further suppress
coking.

[0006]

Patent document 1 and Non-patent document 4 each disclose

that coking deterioration can be suppressed by incorporating

an alkaline earth metal such as calcium in a zeolite having an
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when the crystal size (average particle size) of a
zeolite "having an MFI structure, which is used in a
catalyst, is small. 5 In addition to the nethods
menti oned above, various studies have been nade to
suppress coking deterioration. However, a catalyst
for producing a light olefin which has a
satisfactorily | ong catalyst |ife has not yet been

devel oped. Patent cunent 1. JP-A-2005-133000
MEoREBHEEHE Sdoc 451 e FRFETE $8 2for =1 é‘pon “patent
2005, g 103, John Q Chen et ai hbn- pat ent docunent
dogumgingr o Sechud i aRHO B SHFGT B Cal@ét]éﬁtalléfe\i‘%ﬂy begprolonged
1999, p. 3, Mchael Stocker Non-patent docunment 3:
whéoutthal cofystad dpan (avstrieggt @asft 1cls Eiergy ofval zegd ite
2005, p. 335, Makoto I nomata Non-patent docunent 4:
haSingesy MEFI theuddilreamnmuath neetised iofa théalgpan is small.
PetroleumlInstitute, edited by the Japan Petrol eum

Inldtedi ¢ 488 £ 02005 mePho88 metlisibi Mdbanabesadkiajis Oratides have
and Mineyoshi Yamada 20 Non-patent docunent 5: Report

begb’ﬁESeJ%%aguBEErgle%%klh%iﬁb%%&§0r¥ﬁhxn§4 ubf8%erp.

china awanura, Yasuo Kono Kenj i Nhtsuzal,

R e G S R

ight olefin_which is Iess I| to suffer, fro
LoBGRFAGOAdES RORE: 'GR RG HES RoPInGecRiaRd | i fe.

Anot her object of the |nvent|on Is_to provide a nethod
Patent document 1: A-2005-138000

Non-patent document 1: Catalysis Today, vol. 106, 2005,
p. 103, John Q. Chen et al.

Non-patent document 2: Microporous and Mesoporous
Materials, vol. 29, 1999, p. 3, Michael Stocker

Non-patent document 3: Journal of the Japan Institute of
Energy, vol. 84, 2005, p. 335, Makoto Inomata

Non-patent document 4: Summary of the 48™ annual meeting
of the Japan Petroleum Institute, edited by the Japan Petroleum
Institute, 2005, p. 96, Yusuke Watanabe, Koji Omata and
Muneyoshi Yamada

Non-patent document 5: Report of the Japan Petroleum.
Institute, Vol. 34, 1991, p. 90, Kichinari Kawamura, Yasuo Kono,
Kenji Matsuzaki, Tsuneji Sano and Haruo Takaya

[0007]

An object of the invention is to provide a catalyst for
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for producing a light olefin using as raw materials 5
oxygen-cont ai ni ng organi ¢ conpounds such as net hano
and dinmethyl ether. DI SCLOSURE OF THE | NVENTI ON
[0008] 10 The inventors nade extensive studies to

sol ve the above-nentioned probl ens, and have found
that, by using as a catalyst, a pentasil-type zeolite
havi ng specific physical properties, a light olefin

pf@cﬁh@fn rapql'i Sbtlaebfllyn fvglrlc% ll%mies%eﬁ %%l?{f t'bi Eﬁfgegsfrom

usi ng an oxy en contal nl ng organi c conpound suc

t and dinethyl ether as.a raw
R T o e o h%%saedl%rﬁgm?%ahfﬁb Thee
According to the invention, the follow ng catalyst for
pr odd&ididieF 190gIRC oot .tﬁleormﬁfﬁ@tllpvaeléaﬁ%@rﬁwédﬁdédmethod
1. A catalyst for producing a |ight olefin conprising
for peduriresid -iiget zebtfire, uslkaldnerasarmaterial s
atons and al um num atons contained in the
oxperdrasidntiayipa ree el i § an Satd adpourgdd hudol 4 ©whegh &t O £nd
ratio: [alkaline earth netal atom alum numaton] = 0.2

diethyl AHdie average val ue of the gradient of an
adsorption isothermof the pentasil-type zeolite

nmeasured by the nitrogen adsorption nmethod being 30
or nore at a relative pressure of 0.2 to 0.7. 5 2.

The cat al yst f%ﬁéﬂﬂﬁgﬂﬂéubﬁifﬂéﬂﬁmdﬂﬁ¥f6haccording to
1,

[0008]

The inventors made extensive studies to solve the
above-mentioned problems, and have found that, by using as a
catalyst, a pentasil-type zeolite having specific physical
properties, a light olefin can be produced stably for a long
period of time using an oxygen-containing organic compound such
as methanol and dimethyl ether as a rawmaterial. The invention
has been made based on this finding.

According to the invention, the following catalyst for
producing a light olefiﬁ or the like can be provided.

1. A catalyst for producing a light olefin comprising a
pentasil-type zeolite,

alkaline earth metal atoms and aluminum atoms contained
in the pentasil-type zeolite satisfying the following atomic
ratio:

[alkaline earth metal atom/aluminum atom] = 0.2 to 15,
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wherein the pentasil-type zeolite has an absorption
maxi mum between 3650 cm1 and 3710 cm -1 in an

i nfrared absorption spectroscopic neasurenent by
Fourier transforminfrared spectroscopy. 10 3. The
catalyst for producing a light olefin according to 1
or 2, the pentasil-type zeolite has an MFI structure.
4. The catalyst for producing a light ol efin according

to a one of 1t r.ei n SI

al umn%l %o < oiaﬁéneo\clxpecl n tHhe %en asaf% Efrilp%{lsgoe&?t]ton

satisfy the fO||OMAn atom c 5 ratio: i Cco .
LSRR G hRfRaYA s SR, ze0g1ts m@‘rﬁ%u£ ?atrﬁyg?*efwrogen
(E;OduClng a Ilght ol efin according to an¥ one of 1 to

OXjpterd} matiewd dedings 30 9 roFedicned Byralhydvet heesapre of

synthesis at a tenperature of 150C or |lower. 20 6. The
0.CGattad yst7 for producing a light olefin according to any

one of 1 to 5, wherein the catalyst is obtained by a

2 .hydreotcheanglst syt besdscusigng angatgane€isi hceonding to 1,
conpound. 7. A nethod for producing a light olefin

whilHcbh usRs ddhe Latialthgle £81 Produed ngn aagécgﬂfgtf&r@fmgklmum
according to any oneof 1 to 6. 5 8. The nethod f

be{%w%%thc' A dd-ohi, &1 $94 8 g@aoml g mfzareeﬁhsgsbpp@mn

efinis produced reacting an

en-cont ai nin ound havi
DR R AT T A B P 2 fgied
olefin. 5 9. The nethod for produ0|ng alight olefin
SP&EEECFIRE Yo 8, wherein the oxygen-containi ng organic

compound having 1 to 4
3. The catalyst for producing a light olefin according to 1 or

2, the pentasil-type zeolite has an MFI structure.

4. The catalyst for producing a light olefin according to any
oneof]qUDB,whereinsilicénatomsandaluminumatomscontained
in the pentasil-type zeolite satisfy the following atQmic
ratio:

[silicon atom/aluminum atom] = 20 to 300.

5. The catalyst for producing a light olefin according to any
one of 1 to 4, wherein the catalyst is obtained by a hydrothermal
synthesis at a temperature of 150°C or lower.

6. The catalyst for producing a light olefin according to any
one of 1 to 5, wherein the catalyst is obtained by a hydrothermal
synthesis using an organic silicon compound.

7. Amethod for producing a 1ight olefin which uses the catalyst

for producing a light olefin according to any one of 1 to 6.
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carbon atons conprises at |east one of nethanol,
di net hyl ether and ethanol. 10. The nethod for

- producing a light olefin according to 8 or 10 9,
wherein steamis supplied to the oxygen-contai ni ng
hydr ocar bon organi ¢ conpound such that the wei ght
ratio of the steamto the oxygen-containing organic
conmpound satisfies the follomﬁng equation

[ st eam! cont ai ni n rggni ¢ .cq o
0.1 3he R0 TR ST G o oI Weatatsled o 7,
for producing a_light . olefl his Iess I|kely to
whggefgr af ﬁéﬁ?‘goﬁ?llﬁéf lgetiér P&PQHC&? %aY
catalyst life. The invention can prOV|de nethod f or
oxpgeducingaaningherg20iel epipowad MR GG en Leoht @ iRy atons
organi ¢ conpounds such as nethanol and di net hyl
andt hae. cBRREFsDESCRI BToONCcORJTHE 1DRA NESL1n0010] 6
FIG 1 is a view show ng adsorption isotherns of the

9.zenki hecppapanedpirodoxanpl @ l1art tColpdtiat iaceobxidml eol 8,
nmeasured by the nitrogen adsorption nethod at a

whEEE?B'¥ﬁep5§?2éﬁec9£t91n§9gl®r afb& cémpSufdVh&Mng 1 to 4

owm ng the tésults of infrared absorption

o Ela 2t CP T S Gt 2l e e ee ] T h L e

FIG 3 is a view show
and G315 ng the relatlonshlp bet ween t he

10. The method for producing a light olefin according to 8 or
9, wherein steam is supplied to the oxygen-containing
hydrocarbon organic compound such that the weight ratio of the
steam to the oxygen-containing organic compound satisfies the
following equation:

[steam/oxygen-containing organic compound] = 0.1 to 10.

[0009]

The invention can provide a catalyst for producing a light
olefin which is less likely to suffer from coking deterioration

and has a long catalyst life.

The invention can provide a method for producing a light
olefin using oxygen-containing organic compounds such as

methanol and dimethyl ether.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]
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aver age val ue of the gradient of the adsorption
isothermand 10 the life of the catal yst

[g-DVE/ g-catalyst] at a relative pressure of 0.2 to
0.7, as to the results obtained in Exanples 1 and 3,
and Conparative Exanples 1 to 4. BEST MODE FOR
CARRYI NG QUT THE | NVENTION 15 [0011] The catal yst for
producing a light olefin according to the invention

Is a_catalyst conprising a pentasil-type .zeal.it

al kaFilffe dartsh 3" aﬁl%%’i’%lr&wc?cgﬁotﬁﬂtﬁﬁcﬁ% aJtSoO?rCsﬁeSﬂs of the

contained in the Eentasil-type zeolite satisf 'nq t he
zefod|itenp AP ar el zempéﬁiloan?&%airﬁélé’ﬁ%aﬁéka measured

atom al um numatom = 0.2 to 15; and the average
bwaheenof robengaddbept ibhenatlsod pt ¢n red@tieramPressppe of 0

pentasil -type zeolite neasured by the nitrogen
toadsorption nethod is 30 or nore at a relative pressure

of 0.2 7 to 0.7.. In the invention, the "relative

presgyie”s ks A6t Lneth @sind ads il equinfidibatabsorption
pressure/ saturated vapor pressure of nitrogen at

s pZ37c'§]r'o 2 éiqu%l A e }féa Qldoh8 tieSudedePh id:&mples 1 to
conposed of a (0]

( conbi nat’i on oxygen- cont ai ni ng
> PTG e 1o P Bkl e T e {h metal . 10
EX&W%&%? %figh% %Jgﬂi§§%$¥¥gi%ﬂgﬂfglé%ggégﬂg%igék&é&% the
average value of the gradient of the adsorption isotherm and
the life of the catalyst [g-DME/g-catalyst] at a relative

pressure of 0.2 to 0.7, as to the results obtained in Examples

1 and 3, and Comparative Examples 1 to 4.

BEST MODE FOR CARRYING OUT THE INVENTION

[0011]

The catalyst for producing a light olefin according to
theinventioniseacatalystcomprisingaipentasil-typezeolite,

alkaline earth metal atoms and aluminum atoms contained
in the pentasil-type zeolite satisfying the following atomic
ratio:

[alkaline earth metal atom/aluminum atom] = 0.2 to 15;
and the average value of the gradient the adsorption isotherm
of the pentasil-type zeolite measured by the nitrogen

adsorption method is 30 or more at a relative pressure of 0.2
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pentasil-type zeolite of the invention include

magnesi um cal cium strontium and barium wth

cal cium being preferable. [0013] The alkaline earth

metal and al um num contained in the 15 pentasil-type

zeolite satisfy the followng atomc ratio: [alkaline

earth nmetal atomalum numaton] = 0.2 to 15. The

atomic ratio [al kaline earth netal atonifal um num atom
toi% 7preferably in the range of 0.3 to 10, nore

préferably in the range of 0.5 to 5. 20 If the atomc

ratio [al kaline earth netal atond alum num_atoni .is.

| ess IPhBRS ot VR hEOH| f@eeof ra?%@%t]ﬁﬁ/&r%?%rﬁor tléngﬁ,%med as

and the yield of a light olefin my be decreased. |f
[adige rattdmine eapatilb rLark RE P& UESY R Ligedieda 8RPEI BREABHTS ©of

atom exceeds 15, preparation of a catal yst, which
niwrblgelpe atent7ikdned | ater, may 8 be difficult. [0014]

The average val ue of the adsorption isothermof a
[opentiasil -type zeolite neasured by the nitrogen

adsorption 5 nethod is 30 or nore at a relative

pressyeesghtQs21t 9817 teThe B tiRgaR Adsiidn Jethod
is a matﬁod for neasuring the specific area of powder

co%%&hﬁ%h%ﬁ Qe LR ek @ ot ithe d P4eU-Ihbd ded Srings. The

Ssible to use“t’the nitrogen -adsorption nethod i ch

[ eneral ly conducte Far .exanpl.e i 11088 ;
peﬁgggr’“ﬁf Fé’ﬁenﬁeﬁg&%ﬁeg ritEd HTH S clldennc%bqqa% fdldd line
Application of Adsorption (2003, page 60, Kodansha
R :
easgpeRefpile

Examples of the alkaline earth metal contained in the
pentasil-type zeolite of the invention include magnesium,
calcium, strontium and barium, with calcium being preferable.
[0013]

The alkaline earth metal and aluminum contained in the
pentasil—type zeolite satisfy the following atomic ratio:
[alkaline earth metal atom/aluminum atom] = 0.2 to 15. The
atomic ratio [alkaline earth metal atom/aluminum atom] is
preferably in the range of 0.3 to 10, more preferably in the
range of 0.5 to 5.

If the atomic ratio [alkaline earth metal atom/aluminum
atom] is less than 0.2, the life of a catalyst is shorteﬁed,
and the yield of a light olefin may be decreased. If the atomic
ratio [alkaline earth metal atom/aluminum atom] exceeds 15,

preparation of a catalyst, which will be mentioned later, may
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Ltd., Yoshio Ono, |Isao Suzuki) may be used. An
adsorption isothermcan be obtained by taking the
adsorbed anount of nitrogen neasured by the nitrogen
adsorption nethod and the 15 rel ative pressure at the
measurenent tenperature (normally, 77K) on the
ordi nate and the abscissa, respectively. This
nmeasur enent can be perfornmed by nmeans of a
b commercially avail abl e adsorption nmeasurenent
capphfafistmanufactured by BEL Japan, Inc., Yuasa
lonics, Inc., or other manufacturers. 20 [0015] There
(0Btélno specific restrictions on the average val ue of
the gradient of an adsorption isothermof the
pentBis¢ | avgpege zeal e eofiebar edsbyrthennicpohenm of a
adsorption nmethod insofar as it is 30 or nore at a
pehighsi i veypeessol etef me@aBureddby. tHewaiéroged elisouppeon
l[imt thereof is 300, for exanple. [0016] As for the
me FEESUE 8MBHt o F egykES aebhaireed thyet beesabeeeofent.izoned 0. 7.
ni'trogen adsorption nethod, an adsorption 5 isotherm
can [ a Y e d&uri
aﬁscf@%%b%%‘g’é%% B B T e EaE ot ricuring
the ordinate. Normally, an_adsorpti st herm i s
thgpBFnhe l?yarﬁ?aagaPPV&Fﬁcpggsﬁﬁé%thgrgﬁ%t?35@'
pressure froma |ow pressure to.a_ high pressure. .10
P00T7 $he (HEVSERR| ont LRoPao8iBLE UhI BEcof hpngitogen
gradi ent of above-nentioned adsorption isothermat a
ad$@rg;iv@r@m@ggyw@ddﬂ1is generally conducted. For example,

the nitrogen adsorption method described in “Science and
Application of Adsorption (2003, page 60, Kodansha Scientific
Ltd., Yoshio Ono, Isao Suzuki) may be used. An adsorption
isotherm can be obtained by taking the adsorbed amount of
nitrogen measured by the nitrogen adsorption method and the
relative pressure at the measurement temperature (normally,
77K) on the ordinate and the abscissa, respectively. This
measurement can be performed by means of a commercially
availableadsorptionn@asurementabparatusn@nufactunaibyBEL
Japan, Inc., Yuasa Ionics, Inc., or other manufacturers.
[0015]

There are no specific restrictions on the average value
of the gradient of an adsorption isotherm of the pentasil—type
zeolite measured by the nitrogen adsorption method insofar as

it is 30 or more at a relative pressure of 0.2 to 0.7. However,
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0.2 to 0.7 is a value calculated by the foll ow ng
formula (1) Average value of the gradient _ Vp(0.7) -
Vp(0.2) (1) 15 of adsorption isothernms 0.7-0.2 wherein
Vp (0.7) is the adsorbed nitrogen anount [cnB] per
gram of zeolite at a relative pressure of 0.7, and Vp
(0.2) is the adsorbed nitrogen anmount [cnB] per gram
of zeolite at a relative pressure of 0.2. 20 In the

above- nent.i oned.far (Lyn t ni trogen
thgnBEﬁFr[g%gftshgﬁﬁe§$I@E %@97)qgﬁgq%%£§§gi) are

ni.trogen volunes obtained after a 0C and 1
[Ogﬂﬁéspheric pressure conversion, and can be obtai ned

directly fromthe adsorption isqotherm 10 (OQ}S In

the PAVEALi 6Re MRASAVERSHE VEISYE L6t D& 1gyestiPontt 6T

t he above-nentioned adsorption isothermat a relative
abpressene ionfed) n2 tirogen? aids o3® taromure; hatbr earprastseymail jpn

40 or nore. If 5 the average val ue of the gradi ent of
isbhecadsenpt bonbsoi et My itadiess at hanaB@yveepfesssrefon the

suppressi ng coking deterioration cannot be obtained

abskfitisal anbl ¥y £GR1%L The apedtrdsd it gadlddcuhasmarthe
absor ption maxi num "10 between 3650 cm1 and 3710 cm

ordinhfedn Ill{5'£r¥1§if€, agﬁoéﬁ%:%gﬁtiéﬂe@éﬁ@ﬁ%?ﬂi Gs obtained by

neasurenent analysis by ler transform infrared

spectroscopy. In this region; th chj
o g oot et he ok o br Sapb o SPRE Sl gty pressure
observed. The absorption maxi numin the
toaBoléIReREESABd regi on is assumed to

[0017]
In the invention, the average value of the gradient of

above-mentioned adsorption isotherm at a relative pressure of

0.2 to 0.7 is a value calculated by the following formula (1):

Average value of the gradient _ Vp(0.7) - Vp(0.2) 0
of adsorption isotherma - 0.7-0.2

wherein Vp (0.7) is the adsorbed nitrogen amount [cm®] per gram
of zeolite at a relative pressure of 0.7, and Vp (0.2) is the
adsorbed nitrogen amount [cm®] per gram of zeolite at a relative

pressure of 0.2.

In the above-mentioned formula (1), the adsorbed nitrogen
amount [cm®] shown by Vp (0.7) and Vp (0.2) are nitrogen volumes
obtained after a 0°C and 1 atmospheric pressure conversion, and

can be obtained directly from the adsorption isotherm.

10
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15 be a new acid site fornmed by the acid site based on

an alkaline earth netal and silicon and alum numin

the zeolite. Meanwhile, the infrared absorption

spectroscopi ¢ neasurenent by Fourier transform

infrared spectroscopy can be perforned by a nethod

described in "Trends in Physical Chemstry, 20 vol.

1, page 133, 1990, T. Sano, H GCkado, and H. Takaya".
[qu' exanple,.it can be perforned, by a commercially

&l abl e appar at us manuf actured by JASCO Cor poration
or other manufacturers, [0020] 11 The

I
t he ﬁﬁvéﬁﬁl6ﬁvﬁ§téoﬁenF§§|?VF§ ge 78 PFth E&ﬁnﬁF%glent of
thereof include a zeolite having an MFI structure
theyehoue TSNVt SoaRd FEMUIAL (oSS Hnat AppriledtivenPrefsure
Zeolite", 1987, page 87, Kodansha Scientific, Hroo 5
ofT@nQna@apﬂ7NEan®@ibe,mbhe,wﬁbrstpmeiamébﬂy tlRe omameret If
a zeolite skeleton structure defined by the

t hent&eralieorall uéeolfi the 4ssaceati of. thO02d$orpdidh isotherm
preferred that the silicon and al um num contained in

1salgggt§§éh @Mpee§§@£tgeo§a§n?ﬁﬂe%@ﬁn@t@ﬁkﬁn aliéPerioration
[SiTicon afon alum num ato = 20 to 300. ITf the

aton1%8ra% [SI Q; gl im num atonj is less

CAPREN p03| |on a car bonaceous product on a
[O% ?Iyst_ls 15 pronnted due to an increase
Ureffective acid sites. Asa result,

The pentasil-type zeolite has an absorption maximum
petween 3650 cm ! and 3710 cm™! in an infrared absorption
spectroscopic measurement analysis by Fourier transform
infrared specfroscopy. In this region, the stretching
vibration of the hydroxyl group of the zeolite is observed. The
absorption maximum in the above-mentioned region is assumed to
be a new acid site formed by the acid site based on an alkaline
earth metal and silicon and aluminum in the zeolite.

Meanwhile, the infrared absorption spectroscopic
measurement by Fourier transform infrared spectroscopy can be
performedbyeameth@ddescribedjjl“TrendsjijhysicalChemistry,
vol. 1, page 133, 1990, T. Sano, H. Okado, and H. Takaya”. For
example, .it can be performed, by a commercially available

apparatus manufactured by JASCO Corporation or other

manufacturers.

[0020]

11
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catalyst life may be shortened at an early stage. On
the other hand, if the atomc ratio [silicon

atonf al um num atom exceeds 300, catalytic activity
may be deteriorated due to a decrease in effective
acid sites. 20 [0022] The pentasil-type zeolite
contained in the catalyst for producing a |ight
olefin of the invention can be forned, for exanple,

by t hydr qgt.her mal synt .
hydrg%ﬁ q nfﬁ%éfs ngi A%%A%%% hg%(%cpenta51l—type

synt hesi zing a 12 conpound | e presen f heat ed
zefdtidie - a8 RSN resdd 1 %népmgﬁ ajpitig an MFI

zeolites. [0023] Specificall silica sources,
Staumtwmeselr 655 ZoWaernd BSHIRal (NECaNEs, SAHKAPPAECation
earth netal salts, a structure-defining agent
of( tzenyliates?), dro@he pddee &t e KedangharScirniocf bwe, Hapdo
heated and stirred at a tenperature of around 60C to
ToRad0r. 1 to 200 hours under self-pressure
conditions, thereby to proceed hydrothernal

synt Iﬂl%%'n%lhl-ﬂee rt@l%CtMEqn k0 rqaucti ohtral neghdYot he zeolite
hydrotherna synt esis is separated by filtration or

t f
300 T Fo0e T D 1o B S T e R ol e

of the |nvent|on i s prepared. [0024] 15 Meanwhi | e,
A& Tgo\vE nent i oned zeolite may further be subjected

to an acid treatnment or ion-exchanged '
[0021] g toallowit to

It is preferred that the silicon and aluminum contained
in a pentasil-type zeolite satisfy the atomic ratio [silicon
atom/aluminum atom] = 20 to 300.

If the atomic ratio [silicon atom/aluminum atom] is less
than 20, deposition of a carbonaceous product on a catalyst is
promotedduetx>anincreasejjleffectiveacidsites. As a result,
catalyst life may be shortened at an early stage. On the other
hand, if the atomic ratio [silicon atom/aluminum atom] exceeds
300, catalytic activity may be deteriorated due to a decrease
in effective acid sites.

[0022]

The pentasil-type zeolite contained in the catalyst for
producing a light olefin of the invention can be formed, for
example, by the hydrothermal synthesis method. The

hydrothermal synthesis method is a method for synthesizing a

12
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be an ammoni um type-zeolite, and the resultant is
dried and baked again. For the acid treatnent, an

i norgani c acid such- as hydrochloric acid, sulfuric
acid and nitric acid or an 20 organic acid such as
formc acid and acetic acid are used. O these,
hydrochloric acid is preferable. The ion exchange to
make the zeolite an amoniumtype zeolite is perforned

in a nia water, an agueo | Ut J 0 : 20191
S R R S A R AR
ammoni um sul fate. Due 13 to the addition of the
foghbbe- pyRthesdd BdkiZ8912tE5, the zeolite can be of
proton type. (0025] As the silica source, in addition
[0083dol | oidal silica and 5 water glass, an organic
silicon conmpound or the |like can be given. An organic
si | i spactdipaung, mayl pcef gpabtysbea isethupepifdes, water,
exanpl es of the organic silicon conpounds include

al@bkoxiedealeenpaunds isuckaas H eforaat kexysi,| ane
((C2H50) 4Si ) and tetranet hoxysilane ((CH30)4Si). 10

Les qaf i thegakyahpu [ §€eh NG} ude: aliwd BRespht in an
Stgggggf?edgné ér&an?c aISE?ﬁ%n1chpounds. As the

auié%#%%%;géggfBQQngagggtst¥§£gﬁu§tqgaﬁéﬁﬁg¥é%ufﬂn8¥“é88und

exanp rapr opyl anmoni um br om de,

t I [ d i de),, i tr] .
e e e
performed w thout usin the structure-def] ing aggnt.
thexakpl &9 6FOPREda PR AFPAS eSHYs SYRGTTS SSodf U TeaC L 10n

hydr oxi de o
product obtained by the hydrothermal synthesis 1s separated by

filtration or centrifugation, washed with water, dried and
baked at 300 to 700°C for 1 to 100 hours, whereby the zeolite
of the invention is prepared.

[0024]

Meanwhile, the above-mentioned zeolite may further be
subjected to an acid treatment or ion-exchanged to allow it to
be an ammonium type-zeolite, and the resultant is dried and
baked again. For the acid treatment, an inorganic acid such
as hydrochloric acid, sulfuric acid and nitric acid or an
organic acid such as formic acid and acetic acid are used. Of
these, hydrochloric acid is preferable. The ion exchange to
make the zeolite an ammonium-type zeolite is performed in
ammonia water, an aqueous solution of an ammonium salt such as

ammonium chloride, ammonium nitrate and ammonium sulfate. Due

13
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and potassi um hydroxi de. Exanples of the al kaline’
earth nmetal salts include nitric acid salts and
acetic acid salts of an 20 alkaline earth nmetal. The
above-nentioned silica source, alum num source,
structure-defining agent, alkaline salts and al kaline
earth netal salts nay be used either singly or in
conbi nation of two nore. 14 [0026] In the

of t . 7eol | e CrysSt
ALY N o@ﬁteﬁé%db%ﬁ’ TS EE bafipgifrep A Sestice
wel | as to shorten the synthesis tinme. Al though M-I
calp&if R RIS QR suitabl e as the seed crystals,
seed crystals with other structures, such as FAU seed
(03t al s and MOR seed crystals, may be used (FAU
structure and MOR structure are the nane of the
st r uétsut lee ofi la cskebetror , def iavetd thiyort he ¢t leidal edadlica and
Zeolite Association) The average particle size of the
waseadg 18s &1 wst albgasi preflarad] yohpSupthcar theds kencdh o@. $iven.
pmor |ess being nore preferable. [0027] It is

Anp6§ﬁgﬁﬁ%dsih@&oﬁh@oﬁﬁgﬁﬂ& & igrdfeddie syat hesds ®pecific

t e pentasil-type zeol |te be set such that the

exa ll%g' e%g tkt omtrgﬂrrglt cTanﬂ'g IR RS 'Pnéjitgde alkoxide

on/alun1nun] =

300, to rati al kal.i um n >
conpiptis SaH ¢ 9 deriaare e g RS unﬁ%’m ;

1 and nDIar,ratlo Jmater/ al kali netal +
tetramethoxysilane ((CH30)4S1).

Examples of the aluminum source include alumina sol,
boehmite and organic aluminum compounds.

As the structure-defining agent, various quaternary
ammonium saits (for example, tetrapropylammonium bromide,
tetrapropylammonium hydroxide), amines (triethylamine) or the
like can be given. The synthesis can be performed without using

the structure-defining agent.

Examples of the alkalineAsalts include sodium hydroxide
andipotassiunlhydroxide. Examples of the alkaline earth metal
salts include nitric acid salts and acetic acid salts of an
alkaline earth metal.

The above-mentioned silica source, aluminum source,
structure-defining agent, alkaline salts and alkaline earth

metal salts may be used either singly or in combination of two

or more.

14
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structure-defining agent)] = 2 to 30. 20 [0028] In the
invention, it is preferred that the pentasil-type
zeolite be synthesized by a nmethod in which an organic
silicon conmpound is used as the silica source, a raw
material mxture is sufficiently aged before heating
in an autoclave, and the 15 m xture is hydrothermally
synthesi zed at a further | ower heating tenperature.

[66%55 the "aging" nmeans a procedure in which a raw
nma e%ial m xture is continuously stirred while

keeping it at around ro tenperature. It is eferred
that 87 dgiha BE e T ortled 1oro D Hbtr b BYOT ofiget ahd Soed
heating tenperature at the time of the hydrothernal

cryFftesif BeoI36eCTay Pevitded fiRe IEBHAYMS 6RY SiPe asity  as
limted thereto, and various conditions may be

weddprasprii at Biyr seh echeds wrdoe sl figt ivet hed ¥idveuaht dffalseed
used. 10 [0029] By using the catalyst for producing a

cdyisgidl Olaeki sudtabhe ad nhenteed, caybtghs, dedd rryvthlaswith
et hyl ene and propyl ene can be produced. Production of

othRe- ahove-tendd onadod | ghtrl efddg i sribt pesf anaedokyseéed
met hod in which a fixed bed, noving bed or fluid bed

Cea . | .
crhlilég%lse, g{?g/;bésué‘é@d( FAY) %tﬁfﬁ@@ﬁ‘%@ aﬁﬂ%é@%ﬂ%ﬁ%%hare the

rocar s are supplied to a catalyst |ayer
naF%S%g]%%ne syrlllcggr\émgpatsn?elceactoarll &%tfi%fedt Iﬂ§ tlh%VfHEéPHational
Zeolite Association). The average particle size of the seed
crystal is preferably 1.5 pm or less, with 0.5 pm or less being

more preferable.

[0027]

It is preferred that the amount ratio in the synthesis
of the pentasil-type zeolite be set such that the following
atomic ratio and molar ratio are satisfied. Atomic ratio
[silicon/aluminum] = 20 to 300, atomic ratio [alkali metal

atom/aluminum atom] > 1, molar ratio [structure-defining

.agent/aluminum] > 1 and molar ratio [water/ (alkali metal +

structure-defining agent)] = 2 to 30.

[0028]

In the invention, it is preferred that the pentasil-type
zeolite be synthesized by a method in which an organic silicon
compound is used as the silica source, a raw material mixture

is sufficiently aged before heating in an autoclave, and the
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20 It is preferred that an oxygen-contai ning organic
conpound having 1 to 4 carbon atons be used as a raw
material. An oxygen-containi ng organi ¢ conpound
conprising at |east one of nethanol, ethanol and

di methyl ether is nore preferable, with an
oxygen-cont ai ni ng organi ¢ conpound consi sti ng
essentially 16 of at | east one of nethanol, ethanol

and dlneth et her referabl e.
miXGYEE dr, hl Qegﬂa;vgtsydn%%}eﬁp 15V éh |onfd| hex lower
preferred that steam be supplied such that the melght .
hepaing SPTPSIERETSE eaH?F@rtEg eabeyelfentfafgga procedure in
oxygen-cont ai ni ng organi c conpound satisfies the
whéghati gawoinatstrean oXygerredrt alqntig uigknigtirred while
conpound] = 0.1 to 10. The supplied material is not
kekbihyedtt atsheammdanrdoni temgenathydr ogeh, ihgbieheored that
the like may be supplied if the need.arises. 10

agh8931d pLheraRct FOP A BOREE YL 6ngeridivd bakaliygttémperature
produ0|ng a light olefin of the invention and the

at7gg%99§ﬁgog§ gﬁy QSSE gﬁgﬁrb9hth§sﬂ%r6€|hSOQ@Obfolower

prefera 50C nore preferably 450 to
600C. 15 0032 act t
Thg ??@%%tb¥% %tp% Fven |d%sﬁggéggpvgeaOHEQ§§&&?@10HS

above- nentloned condltlons [ b
mthéec%P@F?EFléFe%Mesﬁﬁ@ﬁﬁ?goﬁcFérﬂéggeﬁé #gﬁe¥§w jgrerials

suffer from coking deterioration and have a | ong
usedtal yst 20 life.

[0029]

By using the catalyst for producing a light olefin of the
invention, a light olefin such as ethylene and propylene can
be produced.

Production of the above-mentioned light olefin is
performed by a method in which a fixed bed, moving bed or fluid
bed type reactor is used as a reactor, and raw material
hydrocarbons are supplied to a catalyst layef which has been
filled with the catalyst of the invention.

[0030]

It is preferred that an oxygen-conta;ning organic
compound having 1 to 4 carbon atoms be used as a raw material.
An oxygen-containing organic compound comprising at least one
ofnethanol,ethanolanddimethyletherﬁhsmorepreferable,with

an oxygen-containing organic compound consisting essentially

16
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EXAMPLES [0033] Exanple 1 17 [Synthesis of zeolite]
0.25 g of an aqueous sol ution of sodi um hydroxi de
(concentration: 10 % and 1.2 g of de-ionized water
were put in a Teflon (registered trade mark)-nade
container, followed 5 by stirring to obtain a
honogenous aqueous solution. To this aqueous
solution 50 g of an aqueous sol ution of

ylanno i um.h drOXI (c ncen ratl 10 %, .
é/v& donﬁ“o rgr 'arﬁ ofj 2Fua @n cheDbeing

hydrOX|de and 0. 458 g of calciun1n|trate
masdt @Al Sver e added and stirred. Wen 10 the
sol uti on becane honobgeneous, 16.36 g of
t et r det hoxljsilloane inwdseaduah larat st rited Frorerit dpwr it 1is
After the lapse of 1 hour, gel in the container,
prdficdr etias haenposed vt s&ht@l&ﬁh?lfduk:&V\/chaattﬂté adesi,ghmasatio of
put in an autoclave (equipped with a Tefl on- made

tHé“@%ééM“%% tiHe eile M BN d@ Qo ffden Jb@isaieng organic
autoclave was 15 installed in a heatlng chanber of a

l 1
RPN SadEE (AT Biegiosos
heat t
oPggr REUPR T28C Por 57 RGur o ARa RubThen TCTbbEY 1o not
f 48 h Adt th f heat d
ViSRrE R, SP6aEne it Bol A0S Has "YEFEREA 1 BoLoOT Shntne 1ike
the contents were collected. [0034]

may be supplied if the need arises.

[0031]

The reaction temperature of the catalyst for producing
a light olefin of the invention and the hydrocarbons as the raw
material is normally 300 to 750°C, preferably 400 to 650°C, more
preferably 450 to 600°C.

[0032]

By practicing the method for producing a light olefin of
the invention under the above-mentioned conditions, it is
possible to allow the catalyst of the invention to be less likely

to suffer from coking deterioration and have a long catalyst

life.

EXAMPLES

[(0033]

Example 1

17
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The contents (white suspension) thus collected were
pl aced in a 100 ni-eggplant flask, and the water was
evaporated 18 and distilled off by neans of an
evaporator, and a white solid product was coll ect ed.
The coll ected white solid product was dried at 120C
overnight. Then, the white solid product was
ai r-baked at 550C for 6 hours in a nmuffle furnace,
reby. white 5 powder was obtai ned. The powder was
[éll\g}jﬁc-heex% Sanogl{aazea?lJB for 6 hours using aﬁ aqueous

0.5M a niumnitrate solution,. and _then, baked, (550, C
for &-KoudsCT e &P OPRC-SP LY ¥h %SSOCS%? Q}m%&de

zeolite powder, was obtained. [0035] 10 [Eval uation
(csmoasdliate]orThd Ot Hug) obtdilned IZAE-4e when 51 edt&F Were put

X-ray diffraction analysis. Measurenent was conducted
irby fedidsnof(regnsXeray trhfieavkiren-mpper abnsainer, followed

(RINT-U tima 111, manufactured by Ri gaku Corporation)

byTBe iresulgt socopthifed Hhalgedffud apseodsd saluilon. To this
zeolite. The conditions of the X-ray diffraction

a RS IS MRISRS 50 f |0 X ddySus BoKae 18y Sof
nonochr omat ed by nmeans of a graphite nonochroneter)

te Qra G l el%rnmﬁﬁlh %xﬁ}g p{‘g'n‘l Jya f‘Qn”’“io wt%) was
ca nlﬁai 0}

scanni ng step it ervar canni ng speed:
ad]éle%e.C/ %toet%el\/ggggli%gggtl d’.a(%}%:og atl%m%%um hydroxide and 0.458

g of calcium nitrate tetrahydrate were added and stirred. When
the solution became homogeneous, 16.36 g of tetraethoxysilane
was added and stirred for 1 hour. After the lapse of 1 hour,
gel in the container, which was composed of the added raw
materials, was put in an autoclave (equipped with a Teflon-made
inner tube, internal volume: 100 mL). Then, the autoclave was
installed in a heating chamber of a hydrothermal synthesis
apparatus (manufactured by HIRO Company). While rotating the
entire autoclave at 30 rpm, heating and stirring were conducted
at room temperature (25°C) for 24 hours and further at 100°C
for 48 hours. After the completion of heating and stirring,

the autoclave was allowed to cool, and the contents were

collected.

[0034]

The contents (white suspension) thus collected were

placed in a 100 mL-eggplant flask, and the water was evaporated
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[0036] 19 The conposition of the resulting ZAC 1 was
anal yzed by the |ICP em ssion spectroscopic nethod. As
a result of the nmeasurenment by neans of an |ICP

em ssi on spectroscopy apparatus (SPS 5100,

manuf actured by SII Nanot echnol ogy, Inc), it was 5
confirmed that ZAGi contained calcium and the atomic
ratio [calciumatom alum numaton] was 3.1, and the

tomc.ratio i 1icon atom al um num at onj s 138 .
anfogat L EBFA et B HEeRgo SAES £V ARG Hhftior B Fi (hbpeolid
anmount was 10 neasured by the nitrogen adsorption
prageRbdwvasier ebscrd - addvr FOL3FGtE6t HBA frPwas ! b8t Rf pdigct was
By using Autosorb-6 (manufactured by Yuasa 1 onics,
dried. af aB@°Goeordiight o dhesthdhaleduricetplyd product was
"Catal yst, Vol. 26, No. 6, page 495, (Reference
aieabakystatcop0Pe ttee ©hoGatsal iy st mBOEL etfinwfackapahereby white
1984)", the 15 adsorbed nitrogen anount was neasured :

poflfied 4 AW NiddpgennieppRat Wi Ls (ke afthidded at 80°C for
nitrogen pressure of 1 kPa to 100 kPa. The resulting

6 ?ﬁ%?%pﬁé%‘ | sotharmis ¢hann i, H rilitr%:fé)rgcﬁlﬁioln, and

radi ent of e adsorption isothermof ZAC1 was

conf i d 79 at relativ ress of 0..,2.
e 7oa kg8 683eF o thdEellin MTERD LG 1 frarEdas
absorgtion spectroscopi ¢ neasurenent by Fourier
Pretanstyrem FRP éF%dpogﬁgétr8§§oﬁgtﬁé§egonducted. ZAC-i
was shaped into a disc-like form and placed in an
[O@¥atuat abl e i nfrared absorption

[Evaluation of zeolite]

The thus obtained ZAC-1 was subjected to X-ray
diffraction analysis. Measurement was conducted by means of
an X-ray diffraction apparatus (RINT-Ultima III, manufactured
by Rigaku Corporation). The results confirmed that ZAC-1 was

an MFI zeolite.

The conditions of the X-ray diffraction analysis were as

follows;
X rays: Cu-Ka rays (monochromated by means of a graphite
monochrometer)
Wavelength: A=1.540A, output: 40 kV, 40 mA
Scanning:'scanning step interval 0.02°
Scanning speed: 1 sec/step

Measurement range: 5 to 80°

[0036]
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20 neasurenent cell. Evacuation baki ng was conduct ed
at 4000C for 2 hours. After baking and cooling, by
nmeans of a Fourier transforminfrared

spectrophot oneter (Mdel: FT/1R-550, nmanufactured by
Jasco Corporation), an infrared absorption 5

nmeasur enent was conducted 200 tinmes (an integrated
nunber of tines) for a wavenunber range of 3000 cm -1

to 4000 cm 1 at. r.oom eratu and scannj
speed 6t CPTRRRSSCOPTRE ?@ur?éuﬁir‘-gg %gm ReR) %ngzed by
For_ conparison, an infrared absor ectros%

they M iiietthtn \iREG FAIGHRYE dBH cdBo gesult of the
commercially available proton-type MFI zeolite, which

meg gy regenised riléhanm'ﬁpaflam’i’/@@%ﬁﬂfé%e@ﬁ@@ﬁCIOQﬁ/e?PPafatUS
(HVFI - A, manufactured by N kki Universal Co., Ltd.

(SSiY All0fpl ararmeftdar el By, Slhe Narestigdtsnareggholc ) n it was
FIG 2. 15 [0039] In the case of the commercially

coaMairhll e ndvFkal-1acpaakindar cxedihimpmead @hedatomic ratio
hydroxyl group was observed at around 3605 cm-1 and

[c2 1R8], 48T /%qufnﬁ%n? ﬂ?dﬁn@agr?lﬁp VEA 0@}§@ra\"@<§5m1@tratlo

aroun 3740 cm 1. ot her hand in the case of

[51llcon 2Q mgereas theeﬁ%ﬁh derd veds from a sil ano

roup at ar 1 'Was observed, the peak
Og%7| ved from an aci d| c hydroxyl group at around 3605
[ J1 was not observed, and anot her peak was observed
at around 3685 cm 1. That is, the state of the active

si t eFOF FNTreSHas i8entAG mhd the BESaFPee Mt EIFINPERYAT Was

of the 21
measured by the nitrogen adsorption method, whereby an

adsorption isotherm was obtained. By using Autosorb-6
(manufactured by Yuasa Ionics, Inc.) and according to a method
described in “Catalyst, Vol. 26, No. 6, page 495, (Reference
catalyst committee of Catalyst Society of Japan, 1984)”, the
adsorbed nitrogen amount was measured at a liquid nitrogen
temperature (77K) and at a nitrogen pressure of 1 kPa to 100
kPa. The resulting adsorption isotherm is shown in FIG. 1.
From FIG. 1, the gradient of the‘adsorption isotherm of ZAC-1
was confirmed to be 79 at a relative pressure of 0.2 to 0.7.
[0038]

For the resulting ZAC-1, an infrared absorption
spectroscopic measurement by Fourier transform infrared
spectroscopy was conducted. ZAC-1 was shaped into a disc-like

form, and placed in an evacuatable infrared absorption
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normal HWFI zeolite. [0040] [Production of a Iight

ol efin] The ZAC-1 zeolite powder was solidified by
conpression 5 at a load of 60 MPa, and the resultant
was ground in a nortor, and classified into particles
with a dianeter of about 1 mm 1 g of the resulting
granul at ed nol ded particle was put in a

st ai nl ess-nade reactor having an inner dianmeter of 14

T8 (GRHPREH W L, Séﬂc% Rlahgt. b 40 ARG 80 400°C for

outer dianeter 10 o nm f or acconnndatlng a
er nnco ereb cat l. | aver
U&ﬁhesg?% aBng ?5 O% é@él %% ﬁggkger %ﬂgrler
retain the catal st | ayer, the upper . a r
trgpsiipe™ datA |SRFSTE R T vﬂ‘ﬁ%ﬂtﬁa%%’&%%'
QO her parts of the reactor were filled with alum na
mapalfla dravieny by diasmst éo afo Es iPmm (Wbdielf Ry absorption
manufactured by Fujim 1Inc.). Wiile flowng nitrogen

meb@ urkite nteaetsoroativateat @00f t 6QesnBanm Mm{afteted number of
conversion at OC and 1 atnospheric pressure, the sane

tiwes) appl i eshhenehmnbel ge candovbechenmper b 00 ecrof dheroom
catal yst layer was elevated to 600C and baki ng was

teﬁ%@cr%rtﬁ'?c@ ahat B s3 20- 4,606 g Tt 4lnhpyec. AfTigE results
- baking, while keeping the "tenperature of the catalyst

er At 5 dlnethyl ether as a raw naterial was
are é Piled ™ étgGk#IOMIrate of 48 cnB/mn, and further,

nltro en_was suE,Iled at, ate of .48 cmB/ min
al | oWPFhECHPHEL gp'e?ﬁeﬁ 6aF§§%? S?fpf6621FPGCtrOSC°plC

measurement was similarly conducted for a commercially
available proton-type MFI zeolite, which will be used in
Comparative Example 3 given later (HMFI-A, manufactured by
Nikki Universal Co., Ltd., Si/Al molar ratio = 175). The
results are shown in FIG. 2.

[0039]

In the case of the commefcially available HMFI-A, a peak
derived from an acidic hydroxyl group was observed at around
3605 cm™! and a peak derived from a silanol group was observed
at around 3740 cm™. On the other hand, in the case of ZAC-1,
whereas the peak derived from a silanol group at around 3740
cm™! was observed, the peak derived froman acidic hydroxyl group
at around 3605 cm! was not observed, and another peak was

observed at around 3685 cm™'. That is, the state of the active

site of ZAC-1 was confirmed to be different from that of the
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As for the analysis of the reaction products, after
the I|apse of a predetermined tinme fromthe start of
circulation of the raw materials, the gas at the
reactor outlet was subjected 5 to on-line sanpling
(sanpling was perforned after conplete gasification
of the generated products). The yield of the
generated products and the conversion ratio of the raw
mat er i wer nal yzed b as chronmat ogr aph
nQﬁQﬁiMﬁM%% 9P e 1nvent|gng the yield gf ?hg
&enerated 10 products and the conversion ratio of the
Jraterial are defined by the follomﬁng f or mul a:
Yi el d of generated products (carbon % (ol ar anmount
[ Bgfochartbiom iaf tehel generat@®in] ght ol ef i n/ mol ar amount
of carbon in the supplied raw material) x 100 15 Raw
mat ermihal zaamiereibdn teapbedel- waei ghi idi fiedrerct@uprassion
mat eri al / wei ght of supplied raw material) x 100
at(ﬁelbéﬁoéfféﬂWM@éi And SHBI e aiDUaht Wass el @daasortor,
the raw material (converted to dinmethyl ether).)

ar&ﬁgﬁ%k81%QeEh§n%Qn¥% 1Qﬁe%a%th0f di; ARkhYl @Eh§Eo§E 1 mm.

einitial  stage of the reaction mas genera y

t abl t 95 9
2 a? ghgeagﬁlf%lpg?%%gpoég%%grﬁggdé rtl’ gevgg pgyeln a

det rioration of the al roceede and
R ENARAR: AR A R an G g g art L. ﬁala‘h mm
95% 23 and thereafter, the activity Iomered ra idly

(epmifmed widht ponintREPaABERE SHDEI ﬁévwg é{lh%\lt%bmameter

whi ch
of 3 mm for accommodating a thermocouple), whereby a catalyst

layer with a thickness of about 15 mm was obtained. In order
to retain the catalyst layer, the upper and lower parts of the
catalyst layer were filled with quartz wool. Other parts of
the reactor were filled with alumina ball having a diameter of
2 mm (Model A-901, manufactured by Fujimi Inc.). While flowing
nitrogen to this reactor at a rate of 60 cm®/min (after
conversion at 0°C and 1 atmospheric pressure, the same was
applied hereinbelow), and the temperature of the catalyst layer
was elevated to 600°C and baking was performed at this
temperature for 1 hour. After baking, while keeping the

temperature of the catalyst layer at 450°C, dimethyl ether as

- a raw material was supplied at a flow rate of 48 cm®/min, and

further, nitrogen was supplied at a flow rate of 48 cm’/min to

allow the dimethyl ether to react.
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was reacted per gramof the catal yst (zeolite powder)
during a period of tine fromthe start of flow ng

di met hyl ether on 5 the catalyst until the conversion
ratio of dinethyl ether was |owered to | ess than 95%
was defined as the catalyst life [unit:

g- DME/ g-catal yst]. [0043] The conposition of the gas
at the reactor outlet was 10 analyzed 1.5 hours after
[ tQ@lstart of the reaction. The results showed that
4% lconversion ratio of di met hyl ether was 100% and

the yield of the generate roducts .((ethyl ene +

prop Se58r+th6u?%%%ys}ﬁli%€ttﬁ§ﬁ TS %n \%godguf.%f’%after the

Wil e keeping the tenperature of the catalyst Iaxer,
lagtse456Ce R¥RIe et ioed iddel S TeBnt PRURER T BrRtf chgculation of

conposition of the generated gas at the reactor )
theuthet maasroetasi omaldas ahateeteadto Matdspyaist pepiected

anal ysis of the generated gas at the outlet of the

td eei-arind heampgotad  edrmplting wh srepdiyfoenbérafeactednplete
until the conversion ratio of dinethyl ether was

gdsauwared i | ess idage 6% mas grasuces) . 20rHs ¥ gles Wit the
it was found that the catalyst |ife was 1539

- [g- - lyst ; Show +i hemdteri
IS NBa AT 8. 0, g fEYeL e 8pa SR s hatendeerial
used far duci n light olefin, the case where an
we&ﬁé&ﬂﬁ'%ﬁéﬂéﬁ%rﬂﬁézéhf%ég}?ﬁﬁﬁﬁ%%d bet ween 3650 cm -1
and 3710 cm 1 was indicated as "abseryv d",éggg t he rated
caseMpRere 148 aBEoF PEI bRV kT Him et wesn D $656"8nd e

and 3710 cm1 was not observed was indicated as "not
products and the conversion ratio of the raw material are

defined by the following formula:

Yield of generated products (carbon %) = (molar amount
of carbon in the generated light olefin/molar amount of carbon
in the supplied raw material) x 100

Raw material conversion ratio (%) = (1- weight of
unreacted raw material/weight of supplied raw material) x 100
(methanol formed in a small amount was calculated as the raw

material (converted to dimethyl ether).)

[0042]

The conversion ratio of dimethyl ether at the initial
stage of the reaction was generally stable at 95 % or more
(maximum: 100%) . However, due to the reaction for a long period
of time, coking deterioration of the catalyst proceeded, and

at a certain point, the conversion ratio became less than 95%,
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observed". Simlarly, the case where dilution by steam
was 5 conducted was ‘i ndicated as "perforned” and the
case where dilution with steamwas not conducted was
indicated as "not perfornmed”. [0045] Conparative
Exanple 1 10 [Synthesis of zeolite] According to the
met hod described in the "Journal of the Chem ca

Soci ety of Japan, Vol. 1, page 25, 1987", coll oida

silica (Catal oid SI-350,. manuf act ured by talysts &

anchéiedgid T 9 nd J<$ts i ot tY E][%i”.ﬁjr,eéuﬁarﬁ”%%%ahi t?/at e
nonahydrate, calcium 15 nitrate_tetrahydrate, s%)' m. .
hydr 8xi tdee aRdenétrapr by AR A Brehide € TRAB %@ér ghich
m xed to prepare a slurry having the follow ng nolar

wasompesiteidope rSprAN=000 L heHeApERE0. {zeTPABE/ BPEPep) 19uring
H2Q' Si O2=40, Ca/Si= 0.025 20 [0046] The resulting

a plurioy widstphaceédomntae2skaatt o€l aveyingddiheahgd ather on
160C for 16 hours with stirring to performa

th@’gégbmﬁéﬂahnﬁi{mt RS Sonvdies 1 88 Wdtiing off aduetthwiereher was
t horoughly washed with ion exchange water, dried at

lopo\%g’é:lr 04 23 bakadyad BQ0GFORe4 JoUnS cdthel ¢ot hadteedunit :

was |on-exc_§nged_at 80C for 6 hours using a
e e IO G N S
[O%Z%Son-type zeolite powder, was obtai ned.

The composition of the gas at the reactor outlet was
analyzed 1.5 hours after the start of the reaction. The results
showed that the conversion ratio of dimethyl ether was 100% and
the yield of the generated products ((ethylene + propylene +
butene) /dimethyl ether)) was 67.2 %. While keeping the
temperature of the catalyst layer at 450°C, the reaction was
continued, and the composition of the generated gas at the
reactor outlet was occasionally analyzed. In the composition
analysis of the generated gas at the outlet of the rector, the
total amount of dimethyl ether reacted until the conversion
ratio of dimethyl ether was lowered to less than 95% was measured.
As a result, it was found that the catalyst life was 1539
[g-DME/g-catalyst]. The results are shown in Table 1.
[0044]

Meanwhile, in Table 1, as for the catalysts used for

producing a light olefin, the case where an absorption maximum
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5 [0047] [Evaluation of zeolite] The resulting

Ca- HWFI - A was evaluated in the same manner as in
Exanple 1. As a result, it was confirned that
Ca-HWVFI -A was MFI 10 zeolite, and the atomc ratio
[cal cium atom al um num aton] was 1.7 and the atom c
ratio [silicon atonfal um numatom was 91. The
adsorption isothermand the results of the infrared

S ' S of...Ga: = Al
o ST PR SBRSHRETE T 0 D) TRk pfiRated as
JFIG 2, it was confirnmed that Ca-HVFl-A.had an.
RS o POMCTH A B IRBE e AP 48 U ) AEGRSE Bptween
ZAC- 1. However, fromFIG 1, the gradient of the “
36k ot | i btheim s 9%l RIVT I e&ur@Praged agp "not
0. 7 was confirnmed to be as small as 24. 20 [0048]
ofRrothet’t i o iofi ladliyghtthel efdsy whearighdlibllefem pssteam was
prepared in the same manner as in Exanple 1, except
cdriictGad HMH - Aabsa s da s ngpeatioohedACadd theSchear Bhere
after the start of the reaction, the conposition 26

diofudish agi @t dthead 6akd ofoputbeliunesdanakyzgdichtedass “not
found that the conversion ratio of dinethyl ether was

pe%%'oﬁi]n‘{{%@n.d the vyield of the generated products
(ethyl'ene + propylene + butene)/dimethyl ether) was

[0335#‘3% The total anmount of 5 dinethyl ether reacted
[O0Rt3) the conversion ratio of dinet hyl

Comparative Example 1

[Synthesis of zeolite]

According to the method described in the “Journal of the
Chemical Society of Japan, Vol. 1, page 25, 1987”, colloidal
silica (Cataloid SI-350, manufactured by Catalysts & Chemicals
Industries Co., Ltd.), aluminum nitrate nonahydrate, calcium
nitrate tetrahydrate, sodium hydroxide and
tetrapropylammonium bromide (TPABr) were mixed to prepare a
slurry having the following molar composition:

Si/A1=100, OH-/Si0,=0.1, TPABr/Si0,=0.1. H;0/S10,=40, Ca/Si=
0.025

[0046]

The resulting slurry was placed in a 2 L-autoclave, and
heated at 160°C for 16 hours with stirring to perform a
hydrothermal synthesis. The resulting products were

thoroughly'washed'with ion exchange water, dried at 110°C, and
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ether was lowered to I ess than 95% was neasured. As a
result, it was found that the catalyst |life was 987

[ g- DME/ g-catal yst] The results are shown in Table 1.
From Exanpl e 1 and Conparative Exanple 1, it was found
10 . that, even though the zeolite contained an

al kaline earth netal atom the catalyst life was
short if the gradient of the adsorption isotherm as

Ci fi jo ign icon Sl QAR
b npgrtat%?)vdeEEtfggpléleY]%%tﬂlsé [T\é{%ﬁt hesiésCtoef& zeol ietre]Was

. According t ho escri bed | I f .
B HG00 E38600 B 301 [ CRL P WA Par T PCge anmonium
.conmposed of = 9.50 of Al ( 3 9H20 10. 92 of
R GO0 S 10 VS LRSS 1 e b5 3 57 ik & Fees)
prepare an aqueous solution of 20 the zeolite raw .
whegtedni 88 -HIE L-Ri, s Preson-é ypawzretlditicaPOygpay i BaS oktained.
sol uti on obtained by dissolving 500 g of Catal oid
[08i4730 water gl ass (manufactured by Catal ysts &
Chem cal s Industries Co., Ltd) in 333 g of water,

[(EVATu2td oof ofF mres%tef] an aqueous NaOH sol ution, 317.6
g of 21.3 mass% of an aqueous 27 tetrapropyl amoni um

bromirde 5044t i oRg @NdnasT 1016aze8kkt Baseadin ahestahe manner
15. f amoni umtype zeolite having an M

g o
stru havi ng an average particle size of 0.5 pm
as(%&n%&é@%&ﬁeg'by Zeol yst International, Si/A atomc

(B g FOMLEMBTOUR. 508390 19 L0 10 B YA e
zeg{ri]ttg(,es.ltggdthvg gg%lrjnticagg‘icgg [Sgaefjcftgr%{%tt%lms alvt\ﬁemri%u?ndg%gm] was
1.7 and the atomic ratio [silicon atom/aluminum atom] was 91.
The adsorption isotherm and the results of the infrared
absorption spectroscopic measurement of Ca-HMFI-A are shown in
FIG. 1 and FIG. 2, respectively.

From FIG. 2, it was confirmed that Ca-HMFI-A had an
absorption peak at around 3685 cm™' as in the case of ZAC-1.

However, from FIG. 1, the gradient of the adsorption isotherm

at a relative pressure of 0.2 to 0.7 was confirmed to be as small

as 24.
[0048]

[Production of a light olefin]

A light olefin was prepared in the same manner as in
Example 1, except that Ca-HMFI-A was used instead of ZAC-1.

1.5 hours after the start of the reaction, the composition
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with stirring, whereby an aqueous gel m xture was

obt ai ned. [0050] The resulting aqueous gel m xture
was placed in a 10 3L-autoclave, and stirred at 160C
at a self pressure for 18 hours to perform

hydr ot hermal synthesis. A white solid product

obt ai ned by the hydrothernmal synthesis was filtered
and washed wth water, dried at 120C for 5 hours, and

ofﬁ}?ﬁgga%ogkrt%% §%%€tc&o%g%Qer%%%'aEEQyE%§P|r&99was found

ed “product” was i mmersed in 0.6N I5 hydrochloric
aci and stirted at, roomt rat.ure.for 24 Ut s
e SPeCan it b it bt Sath (aE e 83 Eer AR re b qadlE the
was filtered and washed with water, dried at 120C for
yiglgh @fs Chegh densaicd P AP BXHRS For ( WEMGLFRS i h Bppylene +
wher eby Ca-HMFI -B, proton-type zeolite powder, was
bugietg Infedme 2y | GOB19r )| Fasd ion- offhgedlatiad] ampaunt of
resulting Ca-HWI-B was evaluated in the same nmanner
diastihy lExahplerdacfsdaunesilthe idonnees scignf inarted tliatimethyl
Ca- HVFI -B was an MFI 28 zeolite having an atomc

ethatd QafCBbwe HoY ot ® M LIMAUMD 8% Oid s Oleafur&d anthsal result,
atomc ratio [silicon atonfalum numaton] of 73. The

it RSyl f chhe dHd ared aksox phiolys Specgoﬁmw%atalyst] )
measurenent of Ca-HWVFI-B are shown in G 2. 5 From

Thglgbs%ltgtaW%Ss Qﬂﬁ!ﬁﬁpqgﬁg%% Ca- HVFI - B had an

absorption peak at aroun tm-1 as in the case of

g’g‘gbg‘sppgﬁk%’%g&gp‘? 1haheueyer,  Ca HVEL - B had anpther ¢ ng
that, even though the zeolite contained an alkaline earth metal
atom, the catalyst life was short if the gradient of the
adsorption isotherm as épecified in the invenfion was small.
[0049]

Comparative Example 2

[Synthesis of zeolite]

According to the method described in Example 1 of
JP-A-2005-138000, a zeolite raw material liquid composed of
9.50 g of A1(NO3)3 -9H;0 and 10.92 g of Ca(CHzCOO).* HO was
dissolved in 750 g of water to prepare an aqueous solution of
the zeolite rawmaterial. Tothis zeolite rawmaterial solution,
a solution obtained by dissolving 500 g of Cataloid Si-30 water
glass (manufactured by Catalysts & Chemicals Industries Co.,
Ltd) in 333 g of water, 177.5 g of 6 mass% of an aqueous NaOH

solution, 317.6 g of 21.3 mass% of an aqueous
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at around 3605 cm1l. In addition, the gradient of the
adsorption isothermat a relative pressure of 0.2 to
0.7 was as small as 10 28. [0052] [Production of a
light olefin] Alight olefin was prepared in the sane
manner as in Exanple 1, except that Ca-HWI-B was
used instead of ZAC-I. 15 1.5 hours after the start
of the reaction, the conposition of the gas at the
reactor outl et .was.anal. mas fo that
R TR TP noP LBERER VR85t 4 gRa ehe Seod
yield of the generated products et hyl ene + pro
CrJYSt@l}t'eiH%) P& ‘Pr%taﬁ'i}“ionétuﬁblt)y%aée%&%% %mél@t ot @i“p%%ﬁmture
of 20 dinethyl ether reacted until the conversion
hawdtnico af adier@dsy [Pa rdtiivdre welszd cvier®d tign | Beany fret wised by
was neasured. As a result, it was found that the
Z ecdtyalty 9tn el rfra twas 2964 S{ig’-PDIVEa{tg}nciai atasid: 70hean eubust
are shown in. Table 1. From Exanple 1 and Conparative
coPrRplod B neyen i hakke o2%eahblieatwes urrdueedikd catalyst
size, the zeolite had a short life if the gradient of

whiie égéogﬁ{ﬂr%llz%a BeiM-RAs sREShE 8Lk rutmamvae&bomded

was smal 5 Conpar at i ve™ Exanpl e
r t f
Wl[tge%%ﬁ% Il%% C)wh% rmnnZ{dea@suélAr%JélE%l)g%ﬂé m%%coe%talned

OB@%H HVFI - A (nanufactured by N kki Universa

The resulting aqueous gel mixture was placed in a
3L-autoclave, and stirred at 160°C at a self pressure for 18
hours to perform hydrothermal synthesis. A white solid product
obtained by the hydrothermal synthesis was filtered and washed
with water, dried at 120°C for 5 hours, and baked in air at 520°C
for 10 hours. The resulting baked product was immersed in 0. 6N
hydrochloric acid, and stirred at room temperature for 24 hours
to prepare a proton-type zeolite. Thereafter, the product was
filtered and washed with water, dried at 120°C for 5 hours, and
baked at 520°C for 10 hours in air, whereby Ca-HMFI-B,
proton-type zeolite powder, was obtained.

[0051]

[Evaluation of zeolite]

The resulting Ca-HMFI-B was evaluated in the same manner

“as in Example 1.

As a result, it was confirmed that Ca-HMFI-B was an MFI
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0 JHRRAEEY Rt BTRE M)A Tk

Co., Ltd., atomic ratio [Si atonfal um numatom = 175],
the 10 gradient of the adsorption isothermat a
relative pressure of 0.2 to 0.7 was 28), which was a
commercially available proton-type zeolite containing
no al kaline earth netal, was used instead of ZACI.
1. 5 hours after the start of the reaction, the
conmposition 15 of the gas at the reactor outlet was
It was found hat t he conv rati

2 G PR aP R TG0 3 dd | ERLSS O P L e e Skom of

gener ated products ((ethylene + propyl ene + te
(tsqzla«?@nméow o%ﬁrmlaniﬂmaﬁoa‘lff SE%s.
di met hyl ether reacted until the conversion ratio of
regiuigthydf 20eethérames hbeerpdiro seestramat D5, Beasesgment
was neasured. As a result, it was found that the

oft g PRIB faranashddd i gFm/Hg.- catal yst] The results
are shown in Table 1. From Exanple 1 and Conparative

Examl,@md Friche 2catial Wals MH chreentaidtied ot kab imed an
earth nmetal and had a small gradient 30 of the

{ t h
il i R T leggs o v
_B, proton-t |
OrLh %@&D&Zrﬁﬁ@% BRat EuPE HaY FROHILP 20 O8psien pea

aqa%f%gﬂg(}ﬁg@ecl:r%alg nﬁ%(%%‘gié.d:té%at C}g%%r%rglglnttro£ €he adsorption

isotherm at a relative pressure of 0.2 to 0.7 was as small as

28.
[0052]
[Production of a light olefin]

A light olefin was prepared in the same manner as in
Example 1, except that Ca-HMFI-B was used instead of ZAC-1.

1.5 hours after the start of the reaction, the composition
of the gas at the reactor outlet was analyzed. It was found
that the conversion ratio of dimethyl ether was 99.8 % and the

yield of the generated products ((ethylene + propylene +

" butene) /dimethyl ether) was 58.3%. The total amount of

dimethyl ether reacted until the conversion ratio of dimethyl
ether was lowered to less than 95% was measured. As a result,
it was found that the catalyst life was 964 [g-DME/g-catalyst].

The results are shown in, Table 1.

From Example 1 and Comparative Example 2, even if the
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10 [Eval uation of zeolite] The resulting HVFI -B was
evaluated in the sane manner as in Exanple 1. As a
result, it was confirned that HWI-B was an M
zeolite having an atomc ratio [silicon atom al um num
aton] of 15 118. The results of the infrared
absorption spectronetric neasurenent of HVFI-B are
ahownBiﬂ ZIG. 2. FromFIG 2, it was confirned that
| - ad a peak, deri.ved fraom i di 0 :
Z%‘g%t%mési LHUE Deak déived™ fz;%o%r%igel g%glgé'at%g?gu%gge i
cm 1. An_absorption peak was 20 observed also,at
the iR BEB5 ¢ the Srher n BI%%E%%\FIHe@S ndP<at Jf;JaéFﬁi me the
~earth netal, it is assuned that the peak at around
irgg8sigmwas wika hbt a peak derived from an al kal i ne
earth netal, but it is a peak derived fromsilano
[ogExh was different fromthe silanol of which the
peak derived therefromwas observed at 31 around 3740

cBalrat Ivadthidmene 3he gradient of the adsorption
isothermat a relative pressure of 0.2 to 0.7 was

[ dERS 1o De) agnd %E@fﬂﬂ 62. [0056) 5 [Production
of alight olefin] " Alight olefin was prepared in the

r el e R
e reaction, ' .
BRI o F R VS By £ PP CRAS R BRAdPY Mg PRan herse!

conversion ratio of di h 0
] i met hyl ether was 100 /6and1;§F' the

Co., Ltd., atomic ratio [Si atom/aluminum atom =

‘gradient of the adsorption isotherm at a relative pressure of

0.2 to 0.7 was 28), which was a commercially available
proton-type zeolite containing no alkaline earth metal, was
used instead of ZAC-1.

1.5 hours after the start of the reaction, the composition
of the gas at the reactor outlet was analyzed. It was found
that the conversion ratio of dimethyl ether was 100 % and the

yield of the generated products ((ethylene + propylene +

" butene) /dimethyl ether) was 57.3%. The total amount of

dimethyl ether reacted until the conversion ratio of dimethyl
ether was lowered to less than 95% or less was measured. As
a result, it was found that the catalyst life was 139
[g-DME/g-catalyst]. The results are shown in Table 1.

From Example 1 and Comparative Example 3, the catalyst

which contained no alkaline earthmetal and had a small gradient
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yield of the generated products ((ethylene + propyl ene
+ butene)/dinethyl ether) was 49.3% The total anpunt
of dinmethyl ether reacted until the conversion ratio
of dinmethyl ether was |lowered to | ess than 95% was
measured. As a result, 15 it was found that the
catalyst life was 639 [g-DVE/ g-catal yst] The results
are shown in Table 1. From Exanple 1 and Conparative
I A f t o : of a
Ofgggglp fgitS%\fﬁtéﬁW?gr‘T’tO%%n%g%“ ﬁgﬁalia |O|tnll;°eelglrt " netal
[Ogggg if it was conposed of a zeolite having a |large 20
ient of the adsorption isothermat a relative
pressure of 0. 2 to 0.7 and had an absorption maxi num
CoppaaRy iFet fefr3ésdcm 1 and 3710 cm 1, the life
t hereof was short. [0057] Exanple 2 32 [Production of
[Sankhgbt solodf izepllitetlhe same manner as in Exanple 1, a
reactor was filled wth ZAC-1 zeolite powder prepared
in Exmaple, lpr¥hbhetibewizrgl iniet pogele rt @onitias. nieagc noer
at a rate of 60 cnB/mn (after 5 conversion at 0C and

alkadt pESphek®, nkbha 1Same e taaplded n hereishel anndhes in
tenperature of the catalyst |ayer was elevated to

and [ per.fior; t IS LBITREY:
G AL TGr Bakt R, oo K CanRg R T ooy ey oot "

dths catal yst layer at 450C, dinmethyl ether as a raw

a ﬁ% érial was 10 supplied at a flow rate of 24 cnB/ m n,
~nitrogen was supplied at a flowrate of 9.6 cn8/ mn,

[08Rd! st eam was supplied at a flow

[Evaluation of zeolite]

The resulfing HMFI-B was evaluated in the same manner as
in Example 1.

As a result, it was confirmed that HMFI-B was an MFI
zeolite having an atomic ratio [silicon atom/aluminum atom] of
118. The results of the infrared absorption spectrometric

measurement of HMFI-B are shown in»FIG. 2.

From FIG. 2, it was confirmed that HMFI-B had a peak

1

derived from an acidic OH at around 3605 cm™ and a peak derived

from silanol at around 3740 cm™!. An absorption peak was

observed also at around 3685 cm™'. Since HMFI-B contained no
alkaline earth metal, it is assumed that the peak at around 3685
cm™! was not a peak derived from an alkaline earth metal, but
it is a peak derived from silanol which was different from the

silanol of which the peak derived therefrom was observed at
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rate of 62.2 cnB/ mn, whereby dinmethyl ether was
allowed to react. As for the above-nentioned steam
the steam was prepared 15 by passing de-ionized water
through a gasification apparatus at a flowrate of 3
mL/ hour and the resulting steamwas supplied to the
reactor. [0058] 1. 5 hours after the start of the
reaction, the conposition 20 of the gas at the

ar%%%%f%%ABUE%eI.m?ﬁ 3@?%%%§€i é§%£$§xﬁgHﬂgo§tEﬁé é&@brption

ersionrati o of was 96.9 % and the

. yield of the generated product t.hyl + propyl
15 R PPt h SRS B Ere A ERRY BRa o

was continued while keeping the tenperature of the
becasallypgtad @per®Zat 450C, 33 and the conposition of the

gas at the outlet of the reactor was occasionally
[0Qn&llyzed. As for the conposition of the gas, when the

total amount of reacted di nethyl ether becane 3000

[ PrgaME i @re atralay Stilgh tt el edaimvier si on rati o of di net hyl
ether was 5 96.7 % and the yield of the generated

product $ Was o 241{% wie iRk atl aharasambsened ids in
zeolite. "The tenperature of the catalyst |ayer was

Ex%h?ﬁ%t “19' te|9<c| ﬁ)gc&%%% Srl&/lbﬁplle—t)fﬁjag hf—\secd el Mas St omdl .

€ supply i met h er at a flowrate of 8

4
nB/ m d | vi it t L
ool e f PGS HBCRELfk BebERUGH B A d e OHbl AiBeofiths eion
continueq. 1.5 hours after_.the te er?tur%'el vationfound
ofobiBoSREi B Bhet REAEEETaPUEAGT PBSCEBR IddE et ThoS

S
anal yzed. As a result, it was found that .
that the conversion ratio of dimethyl ether was 100 % and the

yield of the generated products ((ethylene + propylene +
butene) /dimethyl ether) was 49.3%. The total amount of
dimethyl ether reacted until the conversion ratio of dimethyl
ether was lowered to less than 95% was measured. As a result,
it was found that the catalyst life was 639 [g-DME/g-catalyst].
The results are shown in Table 1.

From Example 1 and Comparative Example 4, it was found
that, in the case of a catalyst which contained no alkaline earth
metal, even if it was composed of a zeolite having a large
gradient of the adsorption isotherm at a relative pressure of
O.2to0.7andhadanab.sorptionmaximum(peak)betweenB6SOcm'1
and 3710 cm™, the life thereof was short.

[0057]

Example 2
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the conversion ratio of dinethyl ether was 100% and
the yield of the generated products ((ethylene +
propyl ene + 15 butene) /dinethyl ether) was 71.1% As
for the conposition of the gas at the outlet of the
reactor when the total reacted anobunt of dinethyl

et her becane 4200 [g- DVE/ g-catal yst], the conversion
ratio of dinethyl ether was 100% and the yield of

ener at.ed product.s ,was 67..6% and no deterioration in
[]'Dggglll"‘ict%é‘On2(9f\(/)v§‘s(i S \?elae.fj'ﬂfe results are shown in

Table 1. The zeolite of the invenLio hardlg £i1led

det efPoF e stPRY IRTEL Sehfh SRR hE roddc E§25hG T s t*

reaction tenperature was high. [0059] Exanple 3 34 _
witBy#hGelize gl teepPrEef PERmred a0 hrEghedus YBRLE biPvWing

of tetrapropyl ammoni um hydroxi de (concengrapion: 14.5
niwtr%yeand o2 tBE sy refacticet redpreopid tamohi afin Bt drilde (Réter

put in a Teflon (registered 5 trade mark)-nade
cog@Btaiiver atf g°tonrd byasibeEphbBget Oothbt aameawas applied

honogenous aqueous solution. To this agueous sol ution,

heQe@4Pe19w9T, %'hhlémtrélrl@e'})é%% de an@d G350 s 10f1 pad eivem

nitrate tetrahydrate were added and stirred. Wen the
e3P EoRo ot L Gar i MY AL DA £ (Sanesntrar on. g orature
Eouhihttur B6069 S GRS AGYTEh “COPBI Y Ut & AREEd A ©F the

stirred for two hours. After the |apse of 1 hour el
catplyré lepftathet>hds 6F£E%ﬁnﬂne&ﬁeéU?écFaQ%wC%%%?%b% was
suggageg at a flow rate of 24 cm’/min, nitrogen was supplied
at a flow rate of 9.6 cm®’/min, and steam was supplied at a fiow
rate of 62.2 cm’/min, whereby dimethyl ether was allowed to
react.

As for the above-mentioned steam, the steam was prepared

by passing de-ionized water through a gasification apparatus

at a flbw rate of 3 mL/hour and the resulting steam was supplied

to the reactor.

[0058]

1.5 hours after the start of the reaction, the composition
of the gas at the reactor outlet was analyzed. It was found
that the conversion ratio of dimethyl ether was 96.9 % and the
yield of the generated products ({ethylene + propylehe +
butene) /dimethyl ether) was 55.9%. The reaction was continued

while keeping the temperature of the catalyst layer at 450°C,
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Tef | on-made i nner tube, internal volunme: 100 nl)
Then, the 15 autoclave was installed in a heating
chanber of a hydrothermal synthesis apparatus
(manufactured by H RO Conpany) . Wiile rotating the
entire autoclave at 20 rpm the tenperature was

el evated to 120C over 60 hours, and retained at 120C
for 6 hours. After the conpletion of heating and

stirrin t he 20 au |_a 0

anﬂ?%é%&%%??%F??%%ﬁéy¥%é? ¥§8$$§g?%%8§§?ggﬁ?fﬁ?ﬁbggﬁgﬁ%r nas
at 2 rpmfor 30 m nutes. 0060] The coll

ORISR P OUGEE - velS el SRR et ﬁ?&%}?g gas, when
Then, the white solid product was air-baked at 559&

thgs tidra 16 amewns: iaf & 9ARTeS dimeERel SHaeeHye TRt e’ 000
powder was obtained. The powder was ion-exchanged at

[ BO@E/ey-ca thdyrss: | ushrgcan e 5M aguedus afirbiieint etiee vas
solution, followed by baking (550C for 6 hours) ,

gemrerelydZike 2y i IOt ON-Hlypeyarantdtted i opbwder wawas4d.7%. No
obt ai ned. [0061] [Evaluation of zeolite] The

actesuUlding ARG Wese pyah uat eddintiehe speeampmedtdse of the
in E;anple 1. 10 As a result, it was confirned that

AC- s _an M I j '
AT A TR SR S0, B RS b e scean

ratio [silicon atom al um num at 0 o a[|1_ Ztom'c
wase SGPPE 6t %Héan?VQPiHlﬁgsgiﬁ??gkl§%g%%$g§5%bféow rate of
48ngg§%£ngS&is%;p%©gh% gg%r%%%“ha%@a%ﬁ%h %ate of 48 cm’/min,
the reaction of dimethyl ether was further continued. 1.5 hours
after the temperature elevation, composition of the gas at the
reactor outlet was analyzed. As a result, it was found that
the conversion ratio of dimethyl ether was 100% and the yield
of the generated products ((ethylene + propylene +
butene) /dimethyl ether) was 71.1%. As for the composition of
thegaszﬂ:theoutletcyfthereactorwhenthetotalreactedamount
of dimethyl ether became 4200 [g-DME/g-catalyst], the
conversion ratio of dimethyl ether was 100% and the yield of
generated products was 67.6%, and no deterioration in zeolite
was observed. The results are shown in Table 1.

The zeolite of the invention hardly deteriorated even if

steam was introduced and the reaction temperature was high.

[0059]

Example 3

34



10

15

20

15 FromFIG 2, it was confirnmed that, as in the case
of ZAC-1l, ZAC-2 had an absorption maxi num at around
3685 cm -1 and the gradient of the adsorption
isothermat a relative pressure of 0.2 to 0.7 was as
| arge as 46. [0062] 20 [Production of a |light olefin]
A light olefin was produced in the sane nmanner as in
Exanpl e 1, except that ZAC-2 was used instead of

ZAC-1. .1. hours . afiter the start of the reacti
[SEBEP%F? 8? ZSPltlféa]gas at the reactor outl efti/vgg’ the
anal yzed. It was found 36 that .the ' [ :
of i 4ePhyB BEner PASCTHG BEANY Ple oLy telid SHLaHA Arhonium
generated products ((ethylene + propylene + bug ene) |
hyfdorathy | conkeny rags 056, 8%- STHE %ot #@mitihtd ot
di methyl ether reacted until the conversion ratio of
t edirBptrbply 1 Gmebhénmvas ohaver gd reophisssnt dakhe D5op wesegistered
measured. As a result, it was found that the catalyst
trhbbenues) 1pa4e[ aobVEigeeat dbysdled Bhestésuling hpeocbtain a
shown in Table 1. [0063] Exanple 4 10 [Production of
héﬂogégghsoéSﬁ?Bhsl Dot hei sAe TRRRars aguebubxagpleidn, & .049
react or }/vas1 |II_e;3I ¥\1th ZAC-1 zeolite powder prepared
| anple 1. | | idr [ aacd
9 8? g)ilugltléluo hé/g}gr)ﬁa/dr% %\M(g%t'e?{yst c%%\%r%%o%{%f rE)C an%lgl

t h , th ' ' .
PRI RebS SESE0, SEPHLES, L0l AP ebatt somecene

homogeneous, 0.038 g of an agueous solution of sodium hydroxide

(concentration: 50 wt%) and 10 g of colloidal silica (Ludox

AS-40, manufactured by Sigma-Aldrich Corp.) were added and

stirred for two hours. After the lapse of 1 hour, gel in the
container was placed in an autoclave (equipped with a
Teflon-made inner tube, internal volume: 100 mL). Then, the
autoclave was installed in a heating chamber of a hydrothermal
synthesis apparatus (manufactured by HIRO Company) . While
rotating the entire autoclave at 20 rpm, the temperature was
elevated to 120°C over 60 hours, and retained at 120°C for 6
hours. After the completion of heating and stirring, the
autoclave was allowed to cool, and a white solid product was

collected by centrifugation at 2000 rpm for 30 minutes.

[0060]

The collected white solid product was dried at 120°C

overnight. Then,thewhitesolidproductwasair—bakedat550%:
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el evated to 600C and baki ng was perfornmed at this
tenperature for 1 hour. After baking, while keeping
the tenperature of the catalyst |ayer at 500C,

et hanol as a raw material was supplied at a flowrate
of 16.6 cnB/mn, nitrogen was supplied at a flow 20
rate of 20 cnB/mn, and steamwas supplied at a fl ow
rate of 42.5 cnB/mn, whereby the ethanol was all owed

f&ﬁ)é%ﬁgars A%lfo %ﬁiéﬂ¥ﬁ@héﬁﬁu'&H@%%ﬁ%rWﬂE%e wle Wt Y s

aqueous utlon et hanol was supplied to the

reactoy a flo rat [y S
o Fgftnp&h§7pfﬁg%i]w hour a%% q%%% S agﬁﬁgffg 7 hours
reactign, the conposition of the the r
UG €t Cnsd) ARBIPIBT SO 1L L ht heoBonyer SYERd Y
ratio of ethanol was 100 % and the yield 5 of the )
bagemer &b ed ﬁrﬁﬁnéi§09€§ﬁhyW%ﬁéehY§ﬂﬁ%yLeﬁéoion -type zeolite
but ene)/ et hanol) was 99.9% The reaction was conti nued
powkiiclre wkeepibng itfeel .t enper at ure of the catal yst | ayer
at 500C, the conposition of the gas at the reactor
[oowtiliet was occasionally analyzed. The conversion
ratio of ethanol at a point when the 10 anmount of

E@gqg%eqoetanggogq&fgranrof catal yst becane 1046 ¢
(510 hours after the start of the reaction) was 100%

The ¥ gl gesgi%i{qgn ))Q,q—e% 3} £d eg{fm% GGty %@ﬁle manner as

propy eéne + hanol ) was 99. 8% Fromthe
%ove res Its, it was confirned that the zeolite of
ing éapﬁ&gn i'on suffered fromonly 15 a smal | degree of

deteriorati on even when et hanol was used as
nateA§é1result,Jj:wasconflrmedthatZAC 2wasen1MFIzeollte

and had an atomic ratio [calcium atom/aluminum atom] of 0.34
and an atomic ratio [silicon atom/aluminum atom] of 110. The
results of the infrared absorption spectroscopic measurement
of ZAC-2 are shown in FIG. 2.

From FIG. 2, it was confirmed that, as in the case of ZAC-1,
ZAC-2 had an absorption maximum at around 3685 cm™! and the
gradient of the adsorption isotherm at a relative pressure of
0.2 to 0.7 was as large as 46.
[0062]
[Production of a light olefin]

A light olefin was produced in the same manner as in
Example 1, except that ZAC-2 was used instead of ZAC-1.

1.5 hours after the start of the reaction, the composition

of the gas at the reactor outlet was analyzed. It was found
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that the conversion ratio of dimethyl ether was 100 % and the
yield of the generated products ((ethylene + propylene +
butene) /dimethyl ether) was 56.6%. The total amount of
dimethyl ether reacted until the conversion ratio of dimethyl
ether was lowered to less than 95% was measured. As a result,
itwasfoundthatthecatalystlifewas1551[g—DME/g—catalyst].
The results are shown in Table 1.

[0063]

Example 4

[Production of a light olefin]

In the same manner as in Example 1, a reactor was filled
with ZAC-1 zeolite powder prepared in Example 1. While flowing
nitrogen to this reactor at a rate of 60 cm®/min (after
conversion at 0°C and 1 atmosphere, the same was applied
hereinbelow), and the temperature of the catalyst layer was
elevated to 600°C and baking was performed at this temperature
for 1 hour. After baking, while keeping the temperature of the
catalyst layer at 500°C, ethanol as a raw material was supplied
at a flow rate of 16.6 cm’/min, nitrogen was supplied at a flow
rate of 20 cm3/min, and steam was supplied at a flow rate of
42.5 cm®/min, whereby the ethanol was allowed to react.

As for the above-mentioned ethanol, a 50 wt% aqueous

solution of ethanol was supplied to the reactor at a flow rate

of 4.1 g/hour by means of micropump.
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[0064]

1 hour after the start of the reaction, the composition
of the gas at the reactor outlet was analyzed. It was found
that the conversion raﬁio of ethanol was 100 % and the yield
of the generated products ((ethylene + propylene +
butene) /ethanol) was 99.9%. The reaction was continued while
keeping the temperature of the catalyst layer‘at 500°C, the
composition of the gas at the reactor outlet was occasionally
analyzed. The conversion ratio of ethanol at a point when the
amount of reacted ethanol per gram of catalyst became 1046 g
(510 hours after the start of the reaction) was 100%. The yield
of the generated products ((ethylene + propylene +
butene) /ethanol) was 99.8%. From the above results, it was
confirmed that the zeolite of the invention suffered from only

a small degree of deterioration even when ethanol was used as

a raw material.
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5 relative pressure of 0.2 to 0.7 and the catal yst
life [g-DVE/g-catalyst]. FromFIG 3, it was confirned
that the catalyst |ife significantly |owered froma
poi nt at which the average of the gradient of an
adsorption isothermwas around 30. 10 | NDUSTRI AL
APPLI CABI LI TY [0067] The catal yst for producing a
light olefin of the invention can use as a raw
gﬁ} rial an oxygen-contai ni ng organi c conpound, 15

(0% i s capabl e of subjecting the oxygen-containing
organi ¢ conpound to contact deconposition,.thereb
pr oddditng3ashPyhit fQﬂkﬁhehr?ﬁuétﬁrgﬁtﬁFEFa.ln xamples 1 and
Furthernore, due to the long catalyst |[|ife thereof,

3,t hecr Egewerattiione Greglsfs tthéocdrabhst redptippsbipi hgtvween
a light olefin of the invention is prolonged and the

th0 aRethere off ragengradiant | of raduseso rpheorebysotherm at a
production efficiency can be inproved and production

reQQst veanp ke fisduced.o A4 LLA Mand . tihe cabahypst f DL fe
producing a light olefin conprising a 5 pentasil-type

Lo ( | _ .
[gé—(;%g/}[ﬁ/.tge gaéa{ﬁ??}s'tmﬂ]e eqth makal st qns and & e aters th

ai'ne e pentasil-type zeolite satisfying the

follow ng_atom c. _ratio: [alkaline t { 't hich th
Ca&?&ﬁ$§1&%ﬁﬁuﬁ%898ﬁfcén8}§ ?8w%§?8 iggéhgfgﬁéﬁgée valge <
of the %radient of an adsorpti.on ) .
average of the gradient of an adsorption isotherm was around

30.

INDUSTRIAL APPLICABILITY
[0067]

The catalyst for producing a light olefin of the invention
can use as a rawmaterial an oxygen-containing organic compound,
and is capable of subjecting the oxygen-containing organic
compound to contact decomposition, thereby producing a light
olefin in a high yield. Furthermore, due to the long catalyst
life thereof, the regeneration cycle of the catalyst for
producing a light olefin of'the invention is prolonged and the
number of regeneratign is reduced, whereby production

efficiency can be improved and production cost can be reduced.
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i sotherm of the pentasil-type zeolite neasured by the
nitrogen adsorption nethod being 30 or nore at a
relative pressure of 0.2 to 0.7. 15 2. The catal yst
for producing a light olefin according to claim1,
wherein the pentasil-type zeolite has an absorption
maxi mum bet ween 3650 cm -1 and 3710 cm1 in an
i nfrared absorption spectroscopic neasurenent by
Fourier transforminfrared spectroscopy. 20 3. The
catal yst for producing a light olefin according to
claiml1l or 2, the pentasil-type zeolite has an M
structure. 4. The cataly§¥A¥§§ producing a |ight
ol efin according to 41 any one of clains 1 to 3,
wherein silicon atons and al um num atons contained in
the pentasil-type zeolite satisfy the following
1.atonhCcchakil9st[ Sbki pendatdmbaludiighm atlefiin= c20ptrdsing a
300. 5 5. The catalyst for producing a light olefin

cQrdLRg ko s canytene of claims 1 to 4, wherein the
pe?gtaﬁystgps ggtained by a hydrothernmal synthesis at a

i 6 n in
tenpgiggfigeréa%fggﬁégai(% ms LA dBa1thencAt 2t y8s dMtained

produci ng I'n according to any one of

| ai 1 to.5 wh in.t j tal omi
o By P S O SRSl U bt deomic

conmpound. 7. A nethod for producing a light olefin
rafPéh uses the 15 catal yst for producing a |ight

ol efin according to any one of,
[alkaline earth metal atom/aluminum atom] = 0.2 to 15,

the average value of the gradient of an adsorption
isotherm of the pentasil-type zeolite measured by the nitrogen
adsorption method being 30 or more at a relative pressure of

0.2 to 0.7.

2.  The catalyst for producing a light olefin according to
claim 1, wherein the pentasil-type zeolite has an absorption
maximum between 3650 cm™* and 3710 cm™! in an infrared absorption

spectroscopic measurement by Fourier transform infrared

spectroscopy.

3. The catalyst for producing a light olefin according to

claim 1 or 2, the pentasil-type zeolite has an MFI structure.

4. The catalyst for producing a light olefin according to

41
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claims 1 to 6. 8  The nmethod for producing a light
olefin according to claim 7, wherein a light olefin
is produced by reacting an 20 oxygen-contai ni ng
organi ¢ conpound having 1 to 4 carbon atons and the
catalyst for producing a light olefin. 9. The nethod
for producing a light olefin according to claim 8,
wherei n t he oxygen-contai ni ng organi c conmpound havi ng

1 to 42 4 carbon ato onpri ses. at :
anyePR&NBF, CHFHBEh Itoe?fﬁe"?h(g’ﬁ%l%t %%%?&Si%é.ox%:ar%t%louénmum
for producing a light olefin _according.to claim
atgmsgcopfaierA dhedms PeitFsitiled s tzr?gﬂlte Hssy the
oxygen-contai ning organic conpound 'such that the
fonepghtigr atrnlof reffecsteamto the oxygen-contai ning
organi ¢ conpound satisfies the follow ng equation:
[s%%&eazéexyg¢aiumﬁhahnbm@ndrgaﬁKbtmnﬁﬁﬂhnd] =0.1to
5. The catalyst for producing a light olefin according to

any one of claims 1 to 4, wherein the catalyst is obtained by

a hydrothermal synthesis at a temperature of 150°C or lower.

6. The catalyst for producing a light olefin according to
any one of claims 1 to 5, wherein the catalyst is obtained by

a hydrothermal synthesis using an organic silicon compound.

7. A method for producing a light olefin which uses the
catalyst for producing a light olefin according to any one of

claims 1 to 6.

8. - Themethod for producing a light olefin according to claim
7, wherein a light olefin is produced by reacting an
oxygen-containing organic compound having 1 to 4 carbon atoms

and the catalyst for producing a light olefin.

9. The method for producing a 1ight olefin according to claim

8, wherein the oxygen-containing organic compound having 1 to
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4 carbon atoms comprises at least one of methanol, dimethyl

ether and ethanol.

10. Themethodforpmoducingealightolefinaccordingtocﬂaim
8 or 9, wherein steam is supplied to the oxygen-containing
organic compound such that the weight ratio of the steam to the
oxygen-containing organic compound satisfies the following

equation:

[steam/oxygen—containing organic compound] = 0.1 to 10.
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