W513 59/16 1 DESCRI PTION PROCESS FOR PRODUCI NG

ETHYLENE AND PROPYLENE TECHNI CAL FI ELD The present W2513
invention relates to a nethod of catalytic conversion 59/16
of hydrocarbon starting materials. Mre particularly,

it relates to a nethod of 5 ficiently and stably

produci ng et hyl ene and propylene useful as petrol eum

chemi stry starting materjpdsg{pRfpy ol efinic

hydr ocarbon starting materials using specific

zeol i t eprotEast FOR PRABUETAGS EFRTLEREC AlDC PREBYLERE
processes. 10 BACKGROUND ART There are known nany

nmet hods of catalytically converting hydrocarbon

starting materials containing olefins using catalysts
containing zeolite, and there are many reports on the

met hod of producing ethylene 15 and propyl ene by
catZHCHN ICAI NVERISD on.  JP- A-49- 41322 di scl oses a

met hod of conversion of a paraffin, olefin and/or

cycl opar af fi iThe rEpdgdrene)nointGian mplateanrbomn atonsed of
to an aromatic hydrocarbon, ethylene and propyl ene
usiGRf Y H ¢ proteps b 19hH RO G theen | dtear Howe verterials.
according to this nmethod, aromatic hydrocarbons are

obt!iifePaTF FHABYY vely FREpECTited B TR el ds

éﬁ é¥€9gfgﬁif¥“ﬁéﬁ‘??Qé¥§}§¥§éucing ethylene and propylene
useful as petroleum chemistry starting materials from
olefinic hydrocarbon starting materials using specific
zeolites, reaction conditions ‘and specific reaction

processes.

10 BACKGROUND ART

There are known many methods of catalytically
converting hydrocarbon starting materials containing
olefins using catalysts containing zeolite, and there
are many reports on the method of producing ethylene
15 and propylene by catalytic conversion.

JP-A-49-41322 discloses a method of
conversion of a paraffin, olefin and/or cycloparaffin
{(naphthene) of 5 or more carbon atoms, to an aromatic
hydrocarbon, ethylene and propylene using an H (proton)
20 type ZSM-5 zeolite. However, according to this method,
aromatic hydrocarbons are obtained in a relatively high
yield, whereas yields of ethylene and propylene are

low.



low. 2 JP-A-50-49233 discloses a nethod of conversion

of an olefin or paraffin of 2-4 carbon atons to an

aromatic hydrocarbon, ethylene and propylene using a

proton type ZSM5 zeolite. However, according 5 to

this method, the aromatic hydrocarbon is also

obtained in a relatively higﬁ yielg, bu: y;ekgz of
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or higher under specific reaction conditions.
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sieve. However, yields of ethylene and propylene are
also low in this method.

EPC Publication 0109060 discloses a method of
conversion of an olefin of 4-12 carbon atoms to
ethylene and propylene using an H type ZSM-5 zeolite
having a meolar ratio S$i0,/A1,0; of 350 or higher under
specific reaction conditions.

WO 2060/010948 discloses a method of
conversion of an olefin of 4-12 carbon atoms to
ethylene and propylene using a non-proton type ZSM-5
zeolite having a molar ratio Si0,/Al1,0; of 200-5000 and
containing a metal of Group IB.

In the method of converting an olefin of 4-12
carbon atoms to ethylene and propylene using a zeolite-
containing catalyst, olefins of aboﬁt 4-8 carbon atoms
are obtained as reaction products in addition to

ethylene and propylene. This is because the starting

olefin is dimerized and decomposed by the catalyst to



are obtained as reaction products in addition to
et hyl ene and propylene. This is because the starting
olefin is dinerized and deconposed by the catalyst to
3 result in conversion to the conposition which is
close to the equilibriun1c?gposi;|on gnde{othe

' itions. Therefere, in order
reaction condition o et hyl ene

ond oot i SRR o E ol Re EPpesdrb P 15 close
I . . b atonms in e
et RO AR ?h@%i&e—%ﬁéu‘r’x@s_gzgpebyeafﬁp.gﬁgfe
; ' ' 0109060 .descri .a.nmetho
e DT B O R EOLBER 1 AT 15 gomyert

Cath@”s@b@ﬂ§n8b5§59$ﬂ Py é?g?ygﬁg géﬁg?%égkﬁ?PﬁerﬁBrég

hydr ocarbons “fromthe reaction pro

5V[bs§@ﬁ@i910968e§§§§iéR@?yar§§§§?§ gie%gﬁgg%%n 52 ﬁgge

10

15

20

25

reacti on vessel the olefins o car
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t hese netﬁods rﬁgﬂnre a plurality of separators for
obtaini ng tBRC rRwdyk datgi ot @0 R0 60 dME & BT £3888h0d of
apparatus cost and operating cost. Thus, a sinpler
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An object of the present invention is to provide an

i rg{Pé'U &R 19k inest dss Hemovdmaaiationgitic hydrocarbons

from the reaction products. Furthermore, WO
2000/010948 describes a method of recycling to the
reaction vessel the olefins of 4-8 carbon atoms
obtained by removing fractions having a boiling point
higher than those of aromatic hydrocarbons of 8 carbon
atoms from the reaction products. However, these
methods require a plurality of separators for obtaining
the recycling materials, which increases apparatus cost

and operating cost. Thus, a simpler method has been

demanded.

DISCLOSURE OF INVENTION

An object of the present invention is to
provide an improved recycling process for attaining
efficient and stable production of ethylene and
propylene by obtaining recycling materials from
reaction products by a simple process in a method of

producing ethylene and propylene from a hydrocarbon



efficient and stable production of ethylene and 25
propyl ene by obtaining recycling materials from
reacti on products by a sinple process in a method of
produci ng ethyl ene and propyl ene from a hydrocarbon 4
starting material containinggat |east one olefin of 4-
12 carbon atons using a catal yst containing a medi um
por staraimyenazeoisl ecodbihIWGNLOr Sc Q¥ eogONGYEEES oF 4-
intensive 5 research in an attenpt to attain the above
obj BZtcadisonaatemsl isindg dasabebpstinespesithy 4 arewh um
that in a nethod of obtaining a reaction m xture
conparei atametdw | zeel Bnel. propyl ene by contacting a
hydrocarbon starting material containing an olefin of
4-12 carbon 1Thatiomeenmiats ehapeoidnducted intensive
zeolite-contai ning catal yst under specific
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relates to the I ow ng production ne
specific condltlons, even when the reaction mixture is

separated into a fraction comprising hydrogen and a
hydrocarbons of 3 or less carbon atoms and a

hydrocarbon of 4 or more carbon atoms, and the

15 hydrocarbon of 4 or more carbon atoms is used, as it

20
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is, as a recycling material (without removing heavy
materials), a stable operation is possible without
adverse effect on deterioration of the catalyst, and
based on this finding, the present invention has been
accomplished.

That is, the present invention relates to the
following production methods.

(1) A method of ?roducing ethylene and
propylene which comprises contacting a hydrocarben
starting material containing 20% by mass or more of at
least one olefin of 4-12 carbon atoms with a catalyst
containing a medium pore diameter zeolite, the zeolite

containing silver and substantially no protons, having



(1) A nmethod of producing ethylene and propylene

whi ch conprises contacting a hydrocarbon 25 starting
mat eri al containing 20% by mass or nore of at | east
one olefin of 4-12 carbon atons with a catal yst

contai ning a nedi um pore di gngter zeolite, the zeolite
containing silver and substantially no protons, having
4 /4 mobplkaratabi 9i8)/Q,0L 268 9602000609Q428d) sel gt edon
from the group consisting of ZSM5 type zeolites, in
a tkacyroupvesseisbingnslerzemes congbt 1088062 in a
reaction tenperature of 400- 600C,~ a partial pressure
of téechyodmocasbeh starting material of 0.01-0.5 MPa
and a wei ght hourly space velocity of 1-100 hr-1 to
carry out a catalytic 5 conversion reaction of said at
| east one olefin of 4-12 carbon atons, thereby
obtaining a reaction m xture containing ethyl ene and
propyl ene, separating the reaction mxture into a
fraction A containing mainly hydrogen and

hydr ocar bons of 1-3 carbon atons and a 10 fraction B
containing mainly at |east one hydrocarbon of 4 or
nore carbon atons, and separating ethyl ene and
propylene fromthe fraction A, said nethod neeting the
followng requirenents (i) and (ii): (i) to satisfy
AAROVA/ P <_ 13 15 AROVA = AROMAout - AROVAI n ( AROVAI n:
percent by nmass of aromatic



hydrocar bon conponent of 6-8 carbon atoms in the

hydr ocarbon starting nmaterial at the inlet of the
reacti on vessel, 20 AROVAout: percent by mass of _
aromatic hydrocarbon conponent of 6-8 carbon atonms in
the reaction mxture at the_outlet of the reaction
vessel, P: partial pressure gf t he hydrocar bon

[ hal: +[ 1PN dl1) .to recycle _
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cont ai ni ng mai nly hydrogen and a hydrocarbon  of "1-

cavbbocatomefandlaof hatt iken A% GonkAl B ng Y@L AlY
hydr ocar bons of 3 carbon atons, "and at | east "a part of
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and used as a part of the hydrocarbon starting
mat@rben. at¢8y, Ahetdiog dessihbeg &nréhet abovei {ddre
wherein 15-90% by mass of the fraction Bis recycled
t oCORFRInERE ¢ Uy Vens einarpiraseliens, asepataoing hend 0
hydrocarbon starting material. (4) A nethod Qescrlped
i nfe3et kppVRiXYre ife? ed nfxdet fom nAl eontraiming mainly

[ i) is AAROWWP S 10. (5) A nethod of
Lﬁ%%ﬁ%%ﬂ%yéyﬁé?Q&é}qﬁﬁpbons of 1-3 éagbon atoms and a

10 fraction B containing mainly at least one hydrocarbon
of 4 or more carbon atoms, and separating ethylene and
propylene from the fraction A, said method meeting the
following requirements (i) and (ii) :

(1) to satisfy AAROMA/P < 13
15 AAROMA = AROMAout - AROMAin
(AROMAin: percent by mass of aromatic
hydrocarbon component of 6-~8 carbon atoms in the
hydrocarbon starting material at the inlet of the
reaction vessel,

20 AROMAout: percent by mass of aromatic
hydrocarbon component of 6-~8 carbon atoms in the
reaction mixture at the outlet of the reaction vessel,

P: partial pressure of the hydrocarbon
starting material [MPal); and

25 (ii) to recycle 10-95% by mass of the
fraction B to the reaction vessel and use it as the
hydrocarbon starting material.

(2) A method described in the above (1},



15 propyl ene which conprises contacting a hydrocarbon
starting material containing 20% by mass or nore of at
| east one olefin of 4-12 carbon atons with a catal yst
contai ning a nedium pore dianeter zeolite, the zeolite
contai ning silver and substagtially no protons, having
20 a nolar ratio Si02/ Al 203 of 200-5000 and sel ected
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out a catalytic conversion reaction of said at ast

onerydrtefdnbanfs 4£12 caron alemes, Hher ey 103 B A of
reacti on m xture containing ethylene and propyl ene, 6
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cont ai ni ng mai nly hydrogen and a hydrocarbon of 1-2
cartsssl @soms pard ®£7 thier Agtiroca@beon tsaiamiti g gniiattkey iatl .
| east one hydrocarbon of 3 or nore carbon atons,
separating tHé)fr&cmeshod descoibety dat ithe Bbove (1),
contai ni,ng _mai nly hydrocarbons of 3 carbon atons and
a &Eion 157 908nPyi ARsg mdi thy 4rastieasB émerecycled to
hydr ocarbon.of 4 or nore carbon atons and separating
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(4) A method described.in the above (1),
wherein the formula in the requirement (i) is AAROMA/P
< 10.
(5) A method of producing ethylene and
15 propylene which comprises contacting a hydrocarbon
starting material containing 20% by mass or more of at
least one olefin of 4-12 carbon atoms with a catalyst
containing a medium pore diameter zeolite, the zeolite
containing silver and substantially no protens, having
20 a molar ratio 3i0;/Al,0; of 200-5000 and selected from
the group consisting of ZSM-5 type zeolites, in a
reaction vessel under the conditions of a reaction
temperature of 400-600°C, a partial pressure of the
hydrocarbon starting material of 0.01-0.5 MPa and a
25 weight hourly space velocity of 1-100 hr™? to carry out
a catalytic conversion reaction of said at least one

olefin of 4-12 carbon atoms, thereby obtaining a

reaction mixture containing ethylene and propylene,



(i) to satisfy AAROVW P 5 13 10 AAROVA = AROMAout -
AROVAI n (AROVAI n: percent by mass of aromatic

hydr ocar bon conponent of 6-8 carbon atonms in the
hydrocarbon starting material at the inlet of the
reaction vessel, 15 AROMPouts mercent by nass of
aromati ¢ hydrocarbon conponent of 6-8 carbon atons in
t hes eF@ﬁﬁtiﬁ@ Phxt Hegcal of hei QUblet 1 9ot Qefﬁgéﬁ:ﬂ)ﬁ’ Nc
vessel, P: partial pressure of the hydrocarbon

st atdpnngindhermaln PPatdroge 204 (&1 hydLokLENSh or 1-2
10-95% by mass of the fraction D2 to the reaction
vessetbamdatises i dndsat he hydrocarbon starting
material. . (6) A nethod described in the above (5),
wherein at |least a part of the fraction Cis recycled
25 to the reaction vessel and used as a part of the
hydrocarbon starting material. (7) A method descri bed
in the above (5), wherein 15-90% by mass of the
fraction D2 is recycled to 8 the reaction vessel and
used as the hydrocarbon starting material. (8) A

nmet hod described in any one of the above (5), wherein
the formula in the requirenent (i) 5 is AAROVA/P <
10. (9) A nethod described in any one of the



above (1)-(8), wherein the reaction vessel is an

adi abatic fixed bed reaction vessel. (10) A nethod
described in any one of the 10 above (1)-(8), wherein
the reaction tenperature is 500- 580C, the partia
pressure of the hydrocarbon sfarting material is
0.05-0.3 MPa and the weight hourly space velocity is

2- 1fréetilon (A 1gore At hogl Mlesery bed ioaapy,
15 above (1)-(4), mhe?ggn a pé*t of t%e f?ggf?gar%§$§bon

usedf asom mparde carledn Dforide JWEHOCRIMPNISE aFtidGion D
material and is contacted with a nedi um pore di aneter

zeolt®-a coma ivmgic abalcpdhiagntmaiifilyg iddRaS b odRe of 3
menber selected fromthe group consisting of netals

bel GHg Ty oo a&rdup fdRti@mup tbhBadnd nGg edpnYhl bt

of the periodic 9 table and conpounds thereof at a

} enySErsdt e STy BBEGriem lafsd iar ancgas esurdbqrhaseont and
obtain an aromatic hydrocarbon. (12) A nethod
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usgp% a part of the fraction B as a part of the
hy dr 56 eafband ik Srr afaidhBethpdcneehing the

co i-ning _mai nly _hydrogen .and hydrqcarbons of 1-2
ca?%g%%gP%ﬁ%;ﬁﬂﬁé¥%&?n§gpéﬂgt@&dfﬁéﬁﬂﬁhe fraction A
is further u a_part. of driocarbon 10
starting natZ??a?g Ff%fsgynéﬁhggAgésérﬁged in any one

1001 the above (5) abRbuabehRbiaBuRaL! pRbubl2g T action

(AROMAin: percent by mass of aromatic
hydrocarbon component of 6-8 carbon atoms in the
hydrocarbon starting material at the inlet of the
reaction vessel,

15 AROMAout:'percent by mass of aromatic
hydrocarbon component of 6-8 carbon atoms in the
reaction mixture at the outlet of the reaction vessel,

P: partial pressure of the hydrocarbon
starting material [MPa]); and

20 (ii) to recycle 10-95% by mass of the
fraction D; to the reaction vessel and use it as the
hydrocarbon starting material.

(6) A method described in the above (5),
wherein at least a part of the fraction C is recycled

25 to the reaction vessel and used as a part of the
hydrocarbon starting material.

(7) A method described in the above {5),

wherein 15-90% by mass of the fraction D; is recycled to



as a part or all of the hydrocarbon starting materi al
and is contacted with a nmedi um pore di anmeter zeolite
15 contai ning catal yst containing at | east one
selected fromthe group consisting of netals

bel onging to Goup 1IB, Goyp IIIBand Goup VIII of
the periodic table and conpounds thereof at a

t enpee ateset 06n 658681 L€8Susd ga5€o0

obtain an aromatic hydrocarb%%@ %% ?ﬁ%)Hgggg?ﬁg%EH
desstabeing nmabershpyve (13), wherein in the case of
using a part of the fraction D2 as a part of the
hydrocarbon st&rtidgneetied iddsctii®ed fIRCIAPNLi §f the
additionally used as a part of the hydrocarbon

st FROYRy haterwhstre 26 fiAdviodmages of the tayentdmmle (i)
According to the production nethod of the present

I nVEntAHOMAB By 1 ldhe and et hyl ene can be efficiently

and stably produced froman olefinic 10 hydrocarbon
starting matetdal A "RAIMER DESCRIIPHON rORMRANNGE the
[F:?g L1f‘|c fl ow sheet showi ng one enbodi ment of
coftF¥ict i GF) t ndesipdine thhes a@afcdrl qar othssiedg 15 an

et .ene .and propyl ene according to the nethod of the
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anot her enbodiyyent, of _constructi,on of the system used
f or produciﬂgog?hblgﬁg gﬁdd§P8§9 Efle 18céGVdioRg ©F the
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380°C, the partial pressure of the hydrocarbon starting
material is 0.05-0.3 MPa and the weight hourly space
velocity is 2-10 hrl.

(11) A method described in any one of the
above (1})-{(4), wherein a part of the fraction B is used
as a part or all of the hydreocarbon starting material
and is contacted with a medium pcre diameter zeolite-
containing catalyst containing at least one member
selected from the group consisting of metals belonging

to Group IIB, Group IIIB and Group VIII of the periodic



BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON The present
invention will be explained in detail below In the
net hod of the present invention, a 15 hydrocarbon
starting material containing 20% by nass or nore of

at least one olefin of 4-12 garbon atons is used as a
starting material for producing ethylene and

pr oy Eneand heod@s R d Dy Oee6 HORL Si aF dhHshr FBE AL | 3F " 68 o
20 the present invention neans a starting materi al

condmidsgy imialge sdolLasiamnecdadwid . &l S £ & om
the group consisting of hydrocarbons of 1-12 carbon

at dnsdreseetbaas. nornal paraffins, isoparaffins,

ol efins, cycloparaffins (naphthenes) and

cycl opar af f i nSlHavimgue 2od idkes ahidiad alrkkWhegrabpss (11),
the nmethod of the present invention, the 11

Ty dths@ison rsttdret icepamatferising entaints ot dreastranteion B
olefin of 4-12 carbon atonms in an amount of 20% by

mas$ SoPaftr @ hided homindna nhegs sdfanthiachydrteodrdion the
startin material. 5 The term "ol efin" includes

cy it fsCPRt2AR4NEi BAlnsYt hedgppanghndchaidnocarbons
bra%c g% chain and cycli.c ol.efins. If the content of
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Lf%%ﬁ%&%&ngggﬁgzgggiﬁggé#%é%:%gd% %%r%t%%l%%% %@%rocarbon
10 starting material.

(13) A method described in any cne of the
above (3)-(8), wherein a part of the fraction D, is used
as a part or all of the hydrocarbon starting material
and is contacted with a medium pore diameter zeolite-
15 containing catalyst containing at least one selected
from the group consisting of metals belonging to Group
IIB, Group IIIB and Group VIII of the periodic table
and compounds thereof at a temperature of 650°C or less
in a gaseocus phase to obtain an aromatic hydrocarbon.
20 {14) A method described in the above (13),
wherein in the case of using a part of the fraction D
as a part of the hydrocarbon starting material, the
fraction C is additionally used as a part of the
hydrocarbon starting material.

25 [Advantages of the Invention]
According to the production method of the

present invention, propylene and ethylene can be

efficiently and stably produced from an olefinic



the nmethod of the present invention, the hydrocarbon
starting material contains at |east one olefin of 4-12
carbon atons in an anount of preferably 30% by nass or
nore, nore preferably 40% by nass or nore and nost 15
preferably 50% by mass or noye. Furthernore, the

hydr ocarbon starting nmateri may contain a snal

a 0 2..CO i.ni.ng compound such as

tg? ?§P§g6§?2n§¥g§gépﬁyﬁg%?g%ﬁgbutyI et her or nethanol
as an inmpurity. Mreover, 20 the hydrocarbon starting
material may contain a small anount of a diene or an
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starting mat EfI@l ,2but? fHrow hehedtf | sieninqnchetlabt e
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BEST MODE FCR CARRYING OUT THE INVENTION

The present invention will be explained in

detail below.

In the method of the present invention, a

15 hydrocarbon starting material containing 20% by mass or

20

25

more of at least one olefin of 4-12 carbon atoms is
used as a starting material for producing ethylene and
propylene.

The term “hydrocarbon starting material” in
the present invention means a starting material
containing mainly at least one material selectea from
the group consisting of hydrocarbons of 1-12 carbon
atoms, such as normal paraffins, isoparaffins, olefins,
cycloparaffins (naphthenes) and cycloparaffins having

side chain alkyl groups.

In the method of the present invention, the



preferably 1% by nmass or |ess. 10 As preferred
exanpl es of the hydrocarbon starting material usable
in the nethod of the present invention, nmention my
be made of the follow ng hydrocarbons. (1) A C4
fraction and a C5 fraction éﬁoseparated from products
obt ai ned by thernmal crackin petr ol eum

YAy aeaERens, Sueh, s 0aROLER,, I LLacLons ) SBLE! ned

by partia drogenatron 0O

C5oié§§ﬁ'893419205§£b8§ akGhs ALhT %ﬁtéﬁg SPt %nfgggg%h%ass

separating and 20 renoving a par

an&rlﬁ@P@t§Q§eérQH1tﬁ@eméggvgfcéhédﬁ§ f&Eﬁrﬂéﬁ éiar%1ng

fracti on obtai ned by separating an renovi ng a
ormatérpd1 ] soprene and cycl opentadi ene fromthe above
C5 fraction. 25 (4) A C4 fraction and/ or gasoline

Sfraction sepes ag@sh f¥ore producisl @i ARA Bya fd th ths in
catalytic cracking (FCC) of petrol eum Hydrocarbons

s tdd Btsi on eichucete pstassigier dirgdid ) adethdiahtcr@iin 2k
(5 A C4 fraction and/or gasoline fraction separated

frammlalcoklesfins6) A C4 fraction and/or gasoline
fraction separated from hydrocarbons synthesized from

carbon 5 nondkitde armhtgndr ogfertHey dRiesthrerixiTridesch

reaction (FT synthesis).
hydrocarbon starting material is less than 20% by mass,

10 yields of ethylene and propylene are insufficient. 1In
the method of the present invention, the hydrocarbon
starting material contains at least one olefin of 4-12
carbon atoms in an amount of preferably 30% by mass or
more, more preferably 40% by mass or more and most

15 preferably 50% by mass or more.

Furthermore, the hydrocarbon starting
material may contain a small amount of an oxygen-
containing compound such as tertiary butanol, methyl
tert-butyl ether or methanol as an impurity. Moreover,
20 the hydrocarbon starting material may contain a small
amount of a diene or an acetylene such'as
methylacetylene, propadiene, butadiene or pentadiene;
Due to their high reactivity, dienes and acetylenes
accelerate deposition of carbonaceous materials
25 (coking) on the surface of the catalyst. Therefore,
during the conversion reaction continuously, the
catalyst is deteriorated by the coking (deterioration

with coking), resulting in deterioration in catalytic



These may be used each alone or in a mxture of two
or nore. According to the method of the present 10
invention, the above hydrocarbon starting naterial is
contacted with a specific zeolite-containing catalyst
in a reaction vessel to carry out a catalytic
conversion reaction of at |éddfst one olgfln of ?712 c
ca g ns i ped_in_the.hydrocarbo tarting
e her dBs Cobfalii RY- &1 FEACE i‘am#ﬁ?lape 1892
co L BhPg, et nd, et ne an

o oo onaoof SECREE BRY REARYIRRS TNt PR gty RGeS Ren
M Xt HEE; hog,, of e esge ! ntiqn,, SOz
0 e e £ BT e R PR e R e U e B e

di prBaeEt 0bn 5o 6. Sty isnalsesa ?grg_%glggg;ni ﬁﬁee | pihe

above zeolite-based catal yst. di um pore

5di eomtenit 2801 bh 65 f NBBdSe s "and eRbbt §1 b Pﬁftg?é“ amet er

of which |lies between the 25 pore dianeter snal
ponedrbcaEbet geottins wacdy sl At tyRe Zepbi tes and

the pore diameter of large pore diameter zeolites such
asremtidern tecsrml X 4 ypee Bk y tyPeoyamddd est . 1dNE, more
"medi um pore di aneter zeolites" 14 have a so-called

- 1RTRSer Rl okyiferby inmpd on tle sy ytdilespsddick iy €.
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Exanpl es of the nmedium pore dianeter zeolites include
zSMSLeTaNIB 174 mes7 oM IBSZSM 21, ZSM 23,

As preferred examples of the hydrocarbon
starting material usable in the method of the present
invention, mention may be made of the following
hydrocarbons.

(1) A C4 fraction and a C5 fraction
separated from products obtained by thermal cracking of
petroleum hydrocarbons such as naphtha, and fractions
obtained by partial hydrogenation of diolefins in the
C4 and C5 fractions to olefins.
| (2) A fraction obtained by separating and
removing a part or all of butadiene and isobutene from
the above C4 fraction.

(3) A fraction obtained by separating and
removing a part or all of iscprene and cyclopentadiene
from the above C5 fraction.

(4) A C4 fraction and/or gasoline fraction
separated from products obtained by fluid catalytic
cracking (FCC) of petroleum hydrocarbons such as

reduced pressure distillated light oil.



5 ZSM 35, ZSM 38, etc. O these zeolites, preferred
are ZSM5 type zeolites such as ZSM5, ZSM 11 and
ZSM 8, and ZSM 38. Furthernore, there may be used
zeolites analogous to ZSM5 and ZSM 11 which are

di sclosed in P. A Jacobs and J. A Martens, "Stud.
Surf. Sci. Catal.", 10 33, P3167-215 (1987, the

Net her | ands) . h ZSM 5| i all ,
preferred.  MPbovarCH AEYRECRR RBU Bf PRECpiebeRFaCTion
| nyent 1 9h-qafr e, aPQys, zeolites, there may be used
proton type zeolifteS or zeolites containing a netal 15
bel [ t | od] . and .
cont arni ng. Subbt ant s o1 T 5PhERP CHhEEE B R Crraction
COSK 94 Fa G def Abm DR ANGL DM 40 A bR B 0o Ao ReLL A0 ¢

tabl e and contain substanti a prot ons a

c

5 pandn s @ | I Pref@rspsh 2P M}{bffﬁﬂk%}ﬂécr?% .-H:?r?dgT
they can
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for obtaining proton type zeolites. at is,

besyrtepegiet) by a nethod of subjecting a zeolite
obt ai ned by hydrothernmal synthesis, foll owed by

drying and Tiedsd mafy e isddreBAC GG d Nk mixture
aqueous solution of 25 nitric acid, hydrochloric acid
ook Hevd idke;mareawet hod of carrying out ion exchanging
in an aqueous solution of an ammonium salt such as
amoni um ni HcacEdiggnte (rhe oldtdddde fortHehgdadentt o
prepare an amoni umtype 15 zeolite, followed by .
driy TG ted - c NG RROVEN hvslresavdon  sttise tZed maderdad is
roton type: .a.method qf_ carrying out
L P RAL W1%h a speéific zé%li e-containing catalyst
in a reaction vessel to carry out a catalytic
conversion reaction of at least one olefin of 4-12
carbon atoms contained in the hydrocarbon starting
material, thereby obtaining a reaction mixture
containing ethylene and propylene, and ethylene and
propylene are separated from the resulting reaction
mixture,

In the method of the present invention, so-
called “medium pore diameter zeolite” having a pore
diameter of 5-6.5 A is used as the zeolite in the above
zeolite-based catalyst.

The term “medium pore diameter zeolite” means
“a zeolite, the pore diameter of which lies between the
pore diameter of small pore diameter zeolites such as A
type zeolites and the pore diameter of large pore

diameter zeolites such as mordenite and X type and Y

type zeolites”. The “medium pore diameter zeolites”



ion exchanging wwth a multivalent netal cation, and
then calcining the zeolite; and the like. 5 The
zeolite containing a netal belonging to Goup IB of
the periodic table and containing substantially no
protons can be produced, fquexanp!e, by the _
foll ow ng nmethods. The term™“contai ning substantially

t ent ,invention.neans that the
Aotne e orEnEatiRe' PE-BERBe R LBV aTR nEHFR 280t FpectyStal
megsyned, Py . |iquid phase ion exchanging/filtrate

titration nmethod explained belowis 0.02 mol or |ess

per 1 gra”‘°ﬁx£@§le§egfi{ﬁé $€d£&£n§ féeﬁ égﬁggzéggéltes

t he anpbunt of 15 protons per gra

mof ecPE@d ez ably,  Hopls My 01 | esgy- f@eo%ér&iuéﬂ ph 1923,

ion exchanglng/f|ltrate titration neth s a ne

5dl5$1‘h-9$Eﬂ g 0d F azeo) | tegr (Ghedd sk édlltebézsﬁgf’er?ed are
Ser.", 218, P369-382 (1983, 20 U. S . A)

Chesil-€al t Hoe | sdyl feslapath d3]25M5 52151271 (498N sm-3,
etc. The neasurenent of the anpbunt of protons using

t s ndsithaiB carF et eamdmr diedd ridie bd AlddVi b 1ites
manner. A zeolite calcined in air is subjected to ion

25 reddumye ta datthentand izsy-dal aduetusa@i saldddOnin P.
and then the zeolite is recovered by filtration and
siffrul PFRRSUANA & f it Mand eins ,oBiStiuthd Sultfe oy etk . ”,
10 288 1 A T " R Sy M hend
Z5M~-5 is especially preferred.

Moreover, in the method of the present
invention, as the above zeolites, there may be used
proton type zeolites or zeolites containing a metal

15 belonging to Group IB of the periodic table and
containing substantially no protons. Those which
contain a metal belonging to Group IB of the periodic
table and contain substantially no protons are
particularly preferred.

20 Known methods can be used fo; obtaining
proton type zeolites. That is, they can be prepared by
a method of subjecting a zeolite obtained by
hydrothermal synthesis, followed by drying and
calcination to ion exchanging in an agqueous solution of

25 nitric acid, hydrochloric acid or the like; a method of
carrying out ion exchanging in an aqueous solution of

an ammonium salt such as ammonium nitrate, ammonium

chloride or the like' to prepare an ammonium type



wash liquid is recovered in total and m xed wth the
above filtrate. The anmount of protons in the m xed
solution is neasured by neutralization titration and
this is referred to as the anount of protons in the 5
zeolite. It is known that ammoniumion type zeolites
and nultival ent metal catiodXype zeolites (for

AL See S FRLY RELdryiRG: pan: CoFriratope. tp cpavert
10 t bj ect th lites t Lci nat i
Cr g Eed1ite Lo d RECTRRCYERENE BFLERE SROBAFIBLNG out
b thod. | t thod of th
g it ieshene, TR e ot el e,
be&@é@'@&lé&ﬁ?%é ?%’élf@&. é@%ﬁ%%o | g table

(hereinafter referre 0 as %%1"), namel y,

sat |east one nptal,sel

e onsistin
of copper, silver and lgg%dé,jm%ﬂ&%%& a%é&?‘ﬁle%é]%%gjr to
MetBdup COPRES @ 4 MeI 1 @repr &f @%:]F’n iJver is
especial ly preferrpzz'ld.l 20l The ™ perﬁ%iecgol%a efﬁ(#n t he
prasestai ety oib priotidis Rem ot iRl e desesi had
CRC Handbook of - Chemistry and Ph)cl%i cs, 75th editi e,
[ ([@avifce Rollicdeineetmetdadpubl i shed from CRC Press Inc.
(1994-1995)), pages 1-15. 25 The term "contai ni ng
G oup | B netlile' tweeams' carontiaiimgubsBaoitidiB yeial in
the state of the corresponding cation. However, the

10(3gﬁﬂ§qq§ﬁmwhﬁjwapresent invention means that the amount
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of protons (amount of acid) in the zeolite measured by
liquid phase ion exchanging/filtrate titration method
explained below is 0.02 mmol or less per 1 gram of the
zeolite. 1In the present invention, the amount of
protons per 1 gram of the zeolite is more preferably
0.01 mmol or less.

The 1liquid phase ion exchanging/filtrate
titration method is a method disclosed in Intrazeolite
Chemistry, “ACS Symp. Ser.”, 218, P369-382 (1983,
U.5.A.), Journal of the Chemical Society of Japan, [3],
P.521-527 (1989), etc. The measurement of the amount
of protons using this method can be carried out in the
following manner.

A zeolite calcined in air is subjected to ion
exchange treatment using an agueous NaCl solution, and
then the zeolite is recovered by filtration and
simultaneously a filtrate is obtained. The recovered

zeolite is washed with pure water, and the resulting



be contained in the zeolite in the state other than 17
that of a cation in addition to being present in the
state of cation. For exanple, it may be contained in
the state of an oxide. As exanples of the nmethod for
containing the 5 G oup IB taI in the zeolite,
mention may be nade of, xanple a net hod of

i ”gléf'?fdz Q'féé%‘%‘redr%ﬁﬁsw%t%% %a%ﬁ@%%"”
Tl Bl PLELELSPy Ry o sl B, L

bysd o i G fgq{@@&h 1G5 T 1o }Eéxlif‘ DESE éﬁé’att S &5

a salt of the C}ou es of

t hen (& oup A dmtad ﬁé‘cééld&é'éﬁ{@& 'sfg;sleotoéélvr?f

acetate, silver sulfate, copper or| copper

5sutdat e:e cOpper nitrate and gold chlorlde There is no
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severe limtation in the content of the Goup IB

metal , but tite iOMeIn i thdd efmeiablim ﬁbﬁ”tﬁ%@k%@dﬁﬁﬁks
nor e preferably 0. 02-3% by mass based on the nmass of

t Fendz el littieralléntt eeteanteartticnf e 2dFriows | Gdet al

is less than 0.01% by nmass, catalytic activity of the

z évlampdecormeaieniany Wamed teslt dagidmstyfifd cernliit eand pavgiuce

if it is added in an anpbunt of nore than 5% by nass,

t I PerfoRyahiea toft netd mesd - t @hegerficaieni g dat aleysts saxy

usuall not inproved. The 25 content of G oup |IB netal

é%g@&tlggebg@ogétes to calcination treatment before

the measurement of the amount of protons by the above
method.

In the method of the present invention, a
zeolite containing a metal belonging to Group IB of the
periodic table (hereinafter referred to as “Group IB
metal”), namely, at least one metal selected from the
group consisting of copper, silver and gold, is used.
As the Group IB metal, copper and silver are preferred
and silver is especially preferred.

The “periodic table” in the present invention
is the periodic table described in CRC Handbook of
Chemistry and Physics, 75th edition [(David R. Lide, et
al, published from CRC Press Inc. (1994-1995) ), pages
1-15.

The term “containing Group IB metal” means
containing a Group IB metal in the state of the

corresponding cation. However, the Group IB metal may

be contained in the zeolite in the state other than



determ ned by known nethods such as X-ray fluorescent
analysis. In the nethod of the present invention, it
is 18 essential that the nolar ratio Si02/A1203 of
the zeolite is 200 or nDre and 5,000 or less. If the
nolar ratio Si02/A1203 is %ss t han 200, the

zeolite- contalnlng catalys@ is apt to be deteriorated

R T e T AT TR L
h t
R T T e o e TR A Soatrat et

zephd ter dse E£f 5 abl ¥3L20 or nore and 4,000 or |ess,
nore preferably 250 or nore and 10 3,500 or | ess, nost

preferably 500 of Of aniPl £ & abd 000194, %lleéz_s cc;rrh@am:([]r?% the

rati o Si 02/ A1203 of the zeolite can det er mne

5 a Gy Tethachl f0f @@Ly, ROPS ehyy dSS yd NGr,
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zeolite in an aqueous al kali solution and ana y2|ng
t hisorr estdmip g SOImed Y RYE Rl i Binkp 1918 S PN te
spectrochem cal analysis or the like. In the nethod of

t Hgrreserithddvarmdh @y drt dich eSSt Meaddn s a
metal | oal um nosilicate in which a part of alum num
atigr eemsstiinguniatdache 1z éolsadd ngs kedtéteal)y ane: el ket ly
wiith metals such as Ga, Fe, B and 20 C or a
mB¥alIhGs iiare g€ hianaimiac medthodof t he al umi num  at oms
constituting the zeollte skel eton are replaced wth

the met al s EFORBoVE. mefadhils casdained igorhent
of_t tals in B .
Zeo 1te y the 1icn exchanging method, it is necessary
to use a salt of the Group IB metal. Examples of the
salt of the Group IB metal include silver nitrate,
silver acetate, silver sulfate, copper chloride, copper
sulfate, copper nitrate and gold chloride.

There is no severe limitation in the content
of the Group IB metal, but the content is preferably
0.01-5% by mass, more preferably 0.02-3% by mass based
on the mass of the zeolite. If the content of the
Gioup IB metal is less than 0.01% by mass, catalytic
activity of the zeolite-containing catélyst is
insufficient, and even if it is added in an amount of
more than 5% by mass, the performance of the zeolite-
containing catalyst is usually not improved. The
content of Group IB metal in the zeolite can be
determined by known methods such as X-ray fluorescent

analysis.

In the method of the present invention, it is



5 meceuid the 1SaTe: SR deslsoRSrd AOSEoh OF {ACOIParatd

nmetal l oalum nosilicate or netallosilicate is converted
25 into the nol nunber of A1203 and then the nplar
ratio Si 02/ Al 203 is cal cul ated. Furthernore, it is
preferred that the zeolite additionally contains at

| east one nmetal selected from 19 alkali netals and

al kaline earth netal s, mor e referably at | east one

t r al kal i tal s, -f er preferably,
atPeaif e Ehat L e e b R e e aﬁoEOmT_sf?aéue
fi ' t [ n LS case,, the zeolite |,
20%§ggggn%g?ﬂ0?ﬁe§%§oﬁnb?g %gt%FS§andf§ttP%a§? %ﬁera;lo
|ect | 4 t .al kal i ne. eart
o o T Fanree Sr fio0E FAS PR LGk R RS
| cgstaDpe: Mod Alpeel eobedultom atkell Spials.and ilhg
al kaline earth nmetals in the zeolite, nention nay
. ngratio
the Goup IB nmetal in the zeolite. The content of at
| 55D, /Grlg0sed ede st ext®Y, (HOM M KB)i 1 RISy of .the
al kaline earth netals varies 15 depending on t'he kind
ofzedel treetcadrst,aianich g fort egapl €5 imsihei €ase: Of The molar
sodium it is preferably 0.01-0.4%by mass based on
t hea tiies S ik /RheOz e itthee agmblitd hiss qasefe1afb IpOtZEIB iddm
it is preferab%y 0.01-0. 8% by nass based on the mass
ofq%fe a16b|44K0 |1ar jlesefmrredndtaratl ?@9kast mone and

selected fromalkali nmetals and al kaline earth
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Wi destai MOl Prsfemibe W0 tare more and 3,000 or

less. The molar ratio Si0,/Al,0; of the zeolite can be
determined by a known method, for example, by
completely dissolving zeolite in an aqueous alkali
solution and analyzing the resulting solution by plasma
emission spectrochemical analysis or the like.

In the method of the present invention, it is
also possible to use a metalloaluminosilicate in which
a part of aluminum atoms constituting the zeolite
skeleton are replaced with metals such as Ga, Fe, B and
Cr or a metallosilicate in which all of the aluminum
atoms constituting the zeolite skeleton are replaced
with the metals mentioned above. In this case, the
content of the above metals in the
metalloaluminosilicate or metallosilicate is converted
into the mol number of Al,0; and then the molar ratio
Si02/A1,0; is calculated.

Furthermore, it is preferred that the zeolite

additionally contains at least one metal selected from



corresponding cation. In preparing such zeolite, there
are no particular limtations in the order and the
nunber of 25 tines of the nethod of containing at

| east one netal selected fromalkali netals and

al kaline earth netals in tqﬁkzeolite and the net hod
of containing the Goup IBnetal. For exanple, the

b . tai nhed i h lite
S TERaLP RELELs T 01 B2 5 GETL A m%ﬂaia?éf?ehet '
' ' ' ip_the olite
el i b T R RIS e S B
' b in i
KA LS, PR OB e or Ty 8 TRELEL N8 WPRtAE petected

ei fiheh ORseyrd\gveysisidting oPr&i&f rﬁdartléﬂggoﬁé@sium. In

zeolite, in which the netals have een cont ai ned,

5 cattiid NSasdibstranticd 1 N4 dHL QNS BSth NBsY i(@ﬂﬁ?p apoVe.t 51

10

15

20

25

10 I f necessary, at |east one netal selected romthe

greoup aonsisstt rtheofmamiial s et ongi Mor 0 FLUPSnedd Bs and
11, Vb, VIb, VIlb and VIIIl, such as V, C, M, W

MalietlirRd edmeh Netads.and Ga, may be further

contained in the zeolite-containing catalyst for

pur poses of AES sxghirhiets @f dfhedetedricat didrorcchitmiting at

coking and inprovement of the yield of ethylene and

priGRATemde et adetisd@dted dawmialiked it meda lvetaalcs i s

th S3Me as the nmethod for containing the Goup IB

n@ﬁa\‘la, 1ngy Eaptthy mgtalife i Adpeozeoid teet Mlentised nay be

d%%%%r% the same methods as those for incorporating'the
Group IB metal in the zeolite.

The content of at least one metal selected
from alkali metals and alkaline earth metals varies
depending on the kind of the metals, and, for example,
in the case of sodium, it is preferably 0.01-0.4% by
mass based on the mass of the zeolite and in the case
of potassium, it is preferably 0.01-0.9% by mass based
on the mass of the zeolite. It is preferred that at
least one metal selected from alkali metals and
alkaline earth metals is contained in the state of the
corresponding cation.

In preparing such zeolite, there are no
particular limitations in the order and the number of
times of the method of containing at least one metal
selected from alkali metals and alkaline earth metals

in the zeolite and the method of containing the Group

IB metal. For example, the Group IB metal may be



20 The content of these netals is preferably 0.1-2% by
mass based on the mass of the zeolite. Furthernore,
for the purpose of further inprovenent of resistance
to deterioration due to coking, the

zeol ite-contai ning catal yst _can be heat 25 treated at
a tenperature of 500C or mof& in the presence of

e R R a i i Eez Pt ny”’fri‘é Sl
1 on
erper ot &£ B sbiohc bt it it bl 1 %eaals

at.m or
3&%% tIgE%§2 |f§18%n .ﬁfné§523%|¢§$- QNRQﬁrW?ﬁf

G d & et aln '“ﬁ% NP SHPSIAN T 3ld Yo 5 JK (LA
t%lw Eah 7 ft

IS subjected to ove heat trea

5t et Wtc&%ﬁleﬁp 1_khe {GR HRA qu EH?!qu etﬂéq%rgu%u&B I B
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metal is contained in the zeolite.

Prefterlr etk I ik Qut ﬂﬁ“%ﬂ?ﬁgxtdéﬁgrnﬂgwém%ﬁrth%s

10 Group IB netal is contained in the zeolite.

came fhere theitzeold t2cdantedi Ningh G adrﬁéstmét%lléﬁ%%ve
for conversion reaction for a long period of tine,
déteem orattiadmedye comtadkisnguisst s0¢d@Wl.ly hd Phctce@seas
the catal yst suffering fromthe coking 15

daeatiiongd eépovan be regenerated by burning and
removi ng the coke on the catalyst at a tenperature of
400- 700C usdédl Pgcegsairy . obta lerssd oges mesapr ssilegted

from the group consisting of metals belonging to Groups
ITb, III, Vb, VIb, VIIb and VIII, such as V, Cr, Mo, W,
Mn, Pt, Pd, Fe, Ni, ZIn and Ga, may be further contained
in the zeolite-containing catalyst for purposes of
inhibition of deterioration due to coking and
improvement of the yield of ethylene and propylene.

The method for containing these metals is the
same as the method for containing the Group IB metal,
except that the kind of the metals used is different.
The content of these metals is preferably 0.1-2% by
mass based on the mass of the zeolite.

Furthermore, for the purpose of further
improvement of resistance to deterioration due to
coking, the zeolite-containing catalyst can be heat
treated at a temperature of 500°C or more in the
presence of water vapor before contacting with the
hydrocarbon starting material. The above heat

treatment is preferably carried out under the



oxygen and an inert gas. In this specification, such a
treatment is called "regeneration treatment”. 20
Because wat er vapor is produced in the regeneration
treatnment, the above heat treatnent in the presence
of water vapor can be carried out utilizing the
produced wat er vapor. That i°d, by repeating the

| eatnent of. the zeolite-containing 25
el ek Ry rp%wmr%o%fnéb@e@eproma;?oandt s00°C
- e inh_conversion reactions, e
o A R e TSR ?fem%ﬁatve?arb@f J-0n
t1ad . thernore, if necessary, the zeolite use
giiﬁ?gﬁgﬁgﬁgéésent i nvention can be used as a catal yst

. ; . . . hi oh
after subj eoped, idnd o & Gihatd yl'g‘gbég%%téffit e

calcination tenperature I's usua usi ng

5 t heorzeold trgy el NI Gnaaf1al Mt éﬁéﬁtaﬁ)ié%p%%n%{%g%iéloly
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make the zeolite-containing catal yst int

body frotwrovidenafddtdes Ofc i BRIve RS rd L ddHiS, the
case, only the zeolite is nolded and the resulting

nbleded theditreart banisddabd hezaeld thre GEERDIdHE Group

catal yst. However, ordinarily, the zeolite 10 is m xed

WiTth e edr duss qoerftredciect \ini norgaricd idd.de IUGH masre

alum na, silica, silica/alumna, zirconia, titania,

diPEEEREEESus cepEy outcltay aead hireddment mftdimghe

dil uent (matrix), the resulting mxture is nolded and

t F&EPRs dBt Mg aroide§OBSa} Nesl dBethgs zelvd izeol ite 15

I ni at al yst.

containing En a %ase where the zeolite-containing
catalyst is used for conversion reaction for a long
period of time, deterioration due to coking may occur.
In this case, the catalyst suffering from the coking
deterioration can be regenerated by burning and
removing the coke on the catalyst at a temperature of
400-700°C usually in air or a mixed gas comprising
oxygen and an inert gas. 1In this specification, such a
treatment is called “regeneration treatment”.

Because water vapor is produced in the
regeneration treatment, the above heat treatment in the
presence of water vapor can be carried out utilizing
the produced water vapor. That is, by repeating the
regeneration treatment of the zeolite-containing
catalyst suffering from the coking deterioration caused
by long-term use in conversion reactions, the same

effect as that of the heat treatment can be attained.

Furthermore, if necessary, the zeolite used
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When the matrix or binder is used, the content
thereof is preferably 10-90% by nass, nore preferably
20-50% by mass based on the total nmass of the zeolite
and the matrix or binder. 20 According to the nethod
of the present invention, B% using the

zeol i te-contai ning catal yst ““nenti oned above, in spite

f. i . starti terial t ai ni
oL, B QR COBLPA L S N2k ok TR L by e Ly B

' f.eri j . th .
gg%ﬁetlg?%%n a‘%ﬁ?%g%; %[%jt&%éa?%]r%n'eoc%rbr%ma% ifprar B

. : st-hardi 3 urs:
Wit conmentd %qpéﬂ%elpseal{kq{{leﬁ &0dLgd o0t

necessary to frequent regeneration
operation. As, a4 ldhe i4 5§§¥gnﬁ? : [ t :
stably and effi .cijgﬁgtul y epr oeduce et yrﬁ%nler&gfﬁsj égpt%olp@ te’nelt
oviey pird MK dieridthaie tHER . zdd fthe dBhog g I a1ys
present invention, a catalytic conversion reactiomn o
atirlteast rerieledl efddy afo froAritR GRIAAR 1RO ins &R i ed

out in a reaction vessel by contacting the olefin wth

t shagizove Zeolttie cseriaionlig wtal dedlitd tis $olded and

preferred to carry out the catalytic conversion

r 686t ites udft itnige mollefeich boldy4 ck21 beanisen atsonhelnderl ittae-

foll owi ng conditions where the 10 ol efin of 4-12
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tq ethyl ene and propylene at a high selectivity and
dPaff R Ydxits i RGTPN St K LIRSterNg inRydraéar b déossich
Y ) _ g

not s&bstantlaLl% react. .That .is, the
as alumina, silica, silica/alumina, zirconia, titania,
diatomaceocus earth, or clay as a binder or molding
diluent (matrix), the resulting mixture is molded and
the resulting molded body is used as the zeolite-
containing catalyst.

When the matrix or binder is used, the
content thereof is preferably 10-90% by mass, more
preferably 20-50% by mass based on the total mass of
the zeolite and the matrix or binder.

According to the method of the present
invention, by using the zeolite-containing catalyst
mentioned above, in spite of using a hydrocarbon
starting material containing an olefin in a high
concentration of 20% by mass or more, coking
deterioration of the zeolite-containing catalyst hardly
occurs as compared with conventional methods.

Therefore, it is not necessary to fregquently repeat the

regeneration operation. As a result, it becomes




reaction tenperature is preferably 400-600C, nore 15

pref erably 500-5800C. The partial pressure of the
hydrocarbon starting material is desirably |ower, and

is usually 0.01-0.5 MPa, preferably 0.05-0.3 MPa. The

wei ght hourly space vel ocity,¥HSV of the hydrocarbon
starting material with respect to the weight of the 20
zeqdssitdenttal e 0atald £ 4 isc Rl 1ey %kkldaulcel%ctﬁwelne and
nore preferably 2-10 hr-1. The contact time of the
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containing catalyst is preferably 5 seconds or |ess,
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st abl e operation can
wiih b&ﬂ%@ﬂ@@d'§opé€ﬁ§139éyaﬂgtpropylene at a high

selectivity and paraffin coexisting in the starting
 hydrocarbon does not substantially react. That is, the
reaction temperature is preferably 400-600°C, more
preferably 500-580°C. The partial pressure of the
hydrocarbon starting material is desirably lower, and
is usually 0.01-0.5 MPa, preferably 0.05-0.3 MPa. The
weight hourly space velocity WHSV of the hydrocarbon
starting material with respect to the weight of the
zeolite—containiqg catalyst is preferably 1-100 hr7%,
more preferably 2-10 hr™!. The contact time of the
hydrocarbon starting material with the zeolite-
containing catalyst is preferably 5 seconds or less,
more preferably 1 second or less.
Furthermore, the hydrocarbon starting
material may be a mixture with a diluent gas. As the
diluent gas, there may be used an inert gas such as

hydrogen, methane, water vapor or nitrogen, but



carried out. (A small anount of hydrogen supplied to
the reaction vessel by recycling of C2- fraction

menti oned hereinafter, or the |like, does not affect 15
adversely as in the above-mentioned hydrogen for

di lution.) Wen the conversion reaction is carried out
under the conditions where Béraffin does not
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i nvention contacting the hydroc starting
nalerdilal advdr dhe Rl o GHRINIg i6At &b%}led@én%%dty
any of fixed bed type, noving bed type,  fluidize e

t yiwercanyd egas’ (ProgdiDet@y Hy igi®dares.) .Then the method of

zeolite-containing catalyst used in the nethod of the
5 tiree parets ety émivieort iiom  harod iy od efetrerdoataed oby oFokiheg .
Therefore, even when the fixed bed type reaction
vESdEILlysits 1igs éd 1 gbthgivene wardh oprtopylretye ngapulie détlalliyn
prqoduced over a long period of tinme. Furthernore, the
cHhFEr Siveixopsaet epf Sfable operation can be performed.

Thus, the dilution with hydrogen is preferably not
carried out. (A small amount of hydrogen supplied to
the reaction vessel by recycling of C2- fraction
mentioned hereinafter, or the like, does not affect
adversely as in the above-mentioned hydrogen for
dilution.)

When the conversion reaction is carried out
under the conditions where paraffin does not
substantially react, the conversion reaction of olefin
in the hydrocarbon starting material is selectively
accelerated, and the conversion reaction of paraffin is
suppressed. As a result, production of methane,
ethane, propane, etc. by the conversion reaction of
paraffin as by-products is inhibited, and separation
and purification of ethylene and propylene from the
reaction mixture can be easily performed.

The reqction vessel utilized in the method of

the present invention for contacting the hydrocarbon



10 paraffin is a highly endotherm c reaction, while
the conversion reaction of olefinis a slightly
endotherm c reaction or an exotherm c reaction though
it depends on the reaction conditions. Therefore,
when the olefin in the hydrocarbon starting materi al
is selectively 15 reacted urfder conditi ons where
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process conprises preferably separating the react
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conprises 26 preferably separating the reaction
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carbon at.ons and a fractiqon D2 _containin% nain%y at
Q

lggﬁve&?&%&rem% odf odedingise @ slightly endothermic

reaction or an exothermic reaction though it depends on
the reaction conditions. Therefore, when the olefin in
the hydrocarben stérting material is selectively
reacted under conditions where paraffin does not
substantially react, it is not necessary to supply heat
of reaction, and hence it is also possible to use a
one-stage adiabatic fixed bed type reaction vessel
having a simple structure.

Ethylene and propylene are separated from the
reaction mixture containing ethylene and propylene
which is obtained as above. Specifically, the first
process comprises preferably separating the reaction
mixture into a fraction A containing mainly hydrogen
and hydrocarbons of 1-3 carbon atoms and a fraction B
containing mainly at least one hydrocarbon of 4 or more
carbon atoms, and separating ethylene and propylene

from the fraction A. The second process comprises



carbon atons, and separating ethyl ene and propyl ene
fromthe fraction C and the fraction Dl. These 10
separation steps can be carried out by conbining
vari ous known processes such as fractiona
distillation and extractiog. As af orenentioned, in
the reaction m xture, ol ef s of 4 or nore carbon

t t] b tc. toi

e A e e A e

f - - - - f _ b t 1

CLESSLLIE LAl R NSRS Saroons
. : : . "y

SETCLL gl 0 S A i SO 8 SRR

at o1 &4 O e KRB DL dA X L. or rnﬁ?ﬁ'&'éa{q%éﬁ%?%xﬁse,

the reaction vessel and again reacting t

5 mes dyostr of i idhec i et idv entiiy Atfrd &asin %lpt%%ht‘afining
e

10

15

20

25

the above fraction B or D2 is recycled 25 to

r ewinlon aeésgitocrbdrs dSel g ado 4 a fraction D,
hydr ocarbon starting material. That is, since the

f remttiaimiBipmailiys att ildazad ongs Hyldrdida @A Jfeay Jr R re
mat erial w thout carrying out purification, the 27

siFAARGR atedyol iang pepeess ican did ydemst mnct edopy enlee

nmet hod of the present invention, in order to
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above-nentioned recycling process, it is preferred 5

t AP BISPE3CAE S5t Cerrdgd aNE by combandng
varicus known processes such as fractional distillation
and extraction.

As aforementioned, in the reaction mixture,
clefins of 4 or more carbon atoms, aromatic
hydrocarbons, etc. are present in addition to ethylene
and propylene. Therefore, the effective utilization of
the hydrocarbon starting material can be attained by
using a so-called recycling reaction system which
comprises separating all or a part of the olefins of 4
or more carbon atoms from the reaction mixture,
recycling them to the reaction vessel and again
reacting them.

In the method of the present invention, at
least a part of the above fraction B or D, is recycled
to the reaction vessel and is used as a part of the
hydrocarbon starting material. That is, since the

fraction B or D; is utilized, as it is, as a recycling

material without carrying out purification, the



preferred that AAROMW P < 10 is satisfied. Here,
AAROVA = AROMAout - AROMAIi n. AROMAI n indicates the
percent by nass of aronmatic hydrocarbon conponent of 6
8 carbon atonms in the hydrocarbon stating material at

10

the inlet of the reaction Vessel and AROMAout

i ndi cates the percent by mass of aronmatic hydrocarbon
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component of 6-8 carbon atoms in the reaction mixture
at the outlet of the reaction vessel. P means the
partial pressure of the hydrécarbon starting material
[MPa].

AAROMA is a yield [% by mass] of the aromatic
hydrocarbon component of 6-8 carbon atoms produced in
the reaction vessel. Therefore, the above formula
shows that in order to efficiently obtain ethylene and
propylene, it is desirable to inhibit the production of
the aromatic hydrocarbon component of 6-8 carbon atoms
as much as possible. Under the reaction conditions
where the above formula is AAROMA/P > 13, namely,
aromatic hydrocarbons are readily produced, reduction
of catalytic activity is apt to be caused by coking}
Furthermore, due to the increase of the aromatic
hydrocarbon component of 6-8 carbon atoms produced in

the reaction vessel, the yields of ethylene and



in the recycling material increase. As a result, there
5 occur problens of accunulation in the reaction
system and accel eration of coking. The method for
controlling the production of the aromatic

hydr ocar bon conponent of 6-8 carbon atons in the
present invention is not I|i 8ted, and a nethod 10 of

j i f olefin in_the hyd b
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conversion of olefin is preferably 40-75% by nass.
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Y% then G ededisyon ofn@lefiiar imettheddiydrocarbon

starting material is generally employed. Here, the
conversion of olefin means the olefin conversion on the
basis of butene represented by the following formula.

Olefin conversion (%) = { (concentration of
olefin of 4 or more carbon atoms in hydrocarbon
starting material at inlet of reaction vessel -
concentration of butene in hydrocarbon Component at
outlet of reaction vessel)/concentration of olefin of 4
or more carbon atoms in hydrocarbon starting material
at inlet of reaction vessel} x 100.

The conversion of olefin is breferably 40-75%
by mass.

The means for reducing the olefin conversion
is also not limited, and includes, for example,
increasing the weight hourly space velocity of the
hydrocarbon starting material; lowering the reaction
temperature; increasing the molar ratio Si0,/A1,0; of

medium pore diameter zeolite in medium pore diameter
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Moreover, in changing the zeolite, it is further
preferred to use a zeolite containing a netal
belonging to Goup IB of the periodic table nentioned
before and 5 containing substantially no proton. This
IS because the zeolite inhibits production of the
aromati ¢ hydrocarbon of 6- 82carbon atons nore
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céhpshent ivkrease ths pdedivacbomeation,i anthaence there
fraction B or D2 is preferably 20% by mass or |ess,
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et hyl ene and propyl ene cannot efficiently be obtained
ufid rpFHQYEGHSPtionS where the

In the method of the present invention, the
recycling ratio of the fraction B or D, is preferably
10~-95% by mass, more preferably 15-90% by mass. If the
recycling ratio is less than 10% by mass, the yields of
ethylene and propylene are not sufficient. If the
recycling ratio is more than 95% by mass, accumulation
of the paraffin component contained in the starting
hydrocarbon or the aromatic hydrocarbon component of 6-
8 carbon atoms produced in the reaction vessel becomes
conspicuous to excessively increase load on the
reaction apparatus.

In the method of the present invention, the
percent by mass of the hydrocarbon component of 9 or
more carbon atoms in the fraction B or D; is preferably
20% by mass or less, more preferably 15% by mass or
less. This is because ethylene and propylene cannot

efficiently be obtained under the conditions where the



30 percent by mass of the hydrocarbon conponent of 9
or nore carbon atons exceeds 20% by nass. The nethod
of the present invention will be explained in nore
detail taking the case of using as 5 the hydrocarbon
starting material a C4 fraction (fraction containing
nalnly hydrocarbons of 4 caPBon atons, such as
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to as "H2-C3 fraction") and fraction contal ning

mei fiday: tdtor] Q&&kaqmﬁn@yQbﬁ%@@b%@dQBcaQb%hs”%Ee40%%Q%%n
atons (hereinafter referred to as "C4+ fraction"). As

t ke capparsatals ass eththoe,t Hechepanat,i Batdde( €8d isobutene)
siggrqtor), there nmay be used, for exanple, a

cotiallingd drrogolauprodach! ash steam crapatinki gdi d
separator), etc., and the distillation colum is
pP@ﬁéPﬁ@@m Ewﬁyp@ﬁéband propyl ene are recovered from
the resultin -C3 fraction. On the other hand, at
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reactlgn vessel, and utilized as_a gart of the starting
e reaction system when the C4 fraction is used as

the hydrocarbon starting material. A reaction mixture
{a mixture of hydrogen and a hydrocarbon of 1 or more
carbon atoms) is separated into a fraction containing
mainly hydrogen and a hydrocarbon of 1-3 carbon atoms
{(hereinafter referred to as “H,~-C3 fraction”) and a
fraction containing mainly at least one hydrocarbon of
4 or more carbon atoms (hereinafter referred to as “Cd+
fraction”). As the apparatus used for the separation
(C3 separator), there may be used, for example, a
distillation column, a flash drum {(vapor-liquid
separator), etc., and the distillation column is
preferred. Ethylene and propylene are recovered from
the resulting H,-C3 fraction. On the other hand, at
least a part.of the C4+ fraction is recycled to the
reaction vessel and utilized as a part of the starting
material. By recycling the C4+ fraction, butane

contained in the starting hydrocarbon is concentrated



material. By recycling the C4+ fraction, butane
contained in the starting hydrocarbon is concentrated
31 in the CA+ fraction. Therefore, when the total
anmount of the C4+ fraction is recycled, butane is
accunul ated, and hence accunul ati on of butane is
controlled by recycling onfyla part of the resultlng

h
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separation (C2 separator), there

s5exan®| eea@c dbstiyétation colum, a flash drum
(vapor-liquid separator), etc., and the 15
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ethylene in the C2- fraction can be utilized as a part
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|f the total anpunt of the C2- fraction is recycled.
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. control | ed recycling onl a part of the
rete Isf ter re errechto asy “C3 gfractylonp As the

apparatus used for separation (C2 separator), there may
be used, for example, a distillation column, a flash
drum (vapor-liquid separator), etc., and the

15 distillation column is preferred. When propylene is
selectively produced, at least a part of the C2-
fraction is recycled to the reaction vessel and
ethylene in the C2- fraction can be utilized as a part
of the starting material. Since the C2- fraction

20 contains hydrogen, methane and ethane in addition to
ethylene, hydrogen, methane and ethane are accumulated
if the total amount of the C2- fraction is recycled.
Therefore, accumulation of hydrogen, methane and ethane
is controlled by recycling only a part of the resulting

25 CZ2- fraction to the reaction vessel. On the other
hand, propylene is recovered from the C3 fraction, and
this propylene can be utilized, as it is, as propylene

of chemical grade in case the reaction conditions and



25 C2- fraction to the reaction vessel. On the other
hand, propylene is recovered fromthe C3 fraction, and
this propylene can be utilized, as it is, as propyl ene
of chem cal grade in case the reaction conditions and
32 separation conditions are properly set. If
necessary, the C4+ fraction3€an be separated into a
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b
flash drum (vapor-liquid separator), etc., ang ghérat

dilstadt atneomyeoddrch oF & & ethrAMcd @RSt A part of
the resulting C4 15 fraction and/or C5+ fraction is
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part of the starting hydrocarbon. FIG 2 shows
apestiér opr offe sepd rerfiot mwentthef C4 Meracedyel & nogadthicoTd +
system when the C4 fraction is 20 used as the
hyde6édrpomast bet edgheat beifalre An edtriromeayioltinge ofa the
niﬁture of .hydrogen and a hydrocarbon of 1 or nore
rﬁoﬁréFGﬁQP-is%§eﬁgﬁaﬁéﬁaﬁﬁﬁﬁsaUﬁﬁébﬁb@nSeparation (C4

separator), there may be used, for example, a
distillation column, a flash drum (vapor-liquid
separator), etc., and the distillation coiumn is
preferred. At least a part of the resulting C4
fraction and/or C5+ fraction is recycled to the
reaction vessel and can be used as a part of the
starting hydrocarbon.

FIG. 2 shows another preferred embodiment of
the recycle reaction system when the C4 fraction is
used as the hydrocarbon starting material. A reaction
mixture (a mixture of hydrogen and a hydrccarbon of 1
or more carbon atoms) is separated into a fraction
containing mainly hydrogen and a hydrocarbon of 1-2
carbon atoms (hereinafter referred to as “(C2-
fraction”) and a fraction containing mainly at least
one hydrocarbon of 3 or more carbon atoms (hereinafter
referred to as “C3+ fraction”). As apparatus used for

separation (C2 separator), there may be used, for



cont ai ni ng mai nly hydrogen and a hydrocarbon of 1-2
carbon atons (hereinafter referred to as "C2 25
fraction”) and a fraction containing mainly at |east
one hydrocarbon of 3 or nore carbon atons (hereinafter
referred to as "C3+ fraction). As apparatus used for
separation (C2 separator), there may be used, for 33
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exanple, a distillation colum, a flash drum
(vapor - | i qui separelthsey hand, | thendEIhef ratitsitar st i gn
columm is preferred, Propylene is recovered fromthe
10 P qiaratash 1nhm 4 Hi 52 T 6Py | G ighi o meeinky 13 zed, as
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'th§lc?rocaasrlzporn0pc}/tl %qecaorfbocnhea o(}nas ereinafter referred to
as “C3 fraction”) and a fraction containing mainly at
least one hydrocarbon of 4 or more carbon atoms
(hereinafter referred to as “C4+ fraction”). As the
15 apparatus used for separation (C3 separator), there may
be used, for example, a distillation column, a flash
drum (vapor-liquid separator), etc., and the
distillation column is preferred. Propylene is
recovered from the C3 fraction, and this propylene can
20 be utilized, as it is, as propylene of chemical grade
in case the reaction conditions and separation
conditions are properly set.
On the other hand, at least a part of the C4+
fraction is recycled to the reaction vessel and
25 utilized as a part of the starting material. By
recycling the C4+ fraction, butane contained in the

starting hydrocarbon is concentrated in the C4+

fraction. Therefore, when the total amount of the C4+



in case the reaction conditions and separation
conditions are properly set. On the other hand, at

| east a part of the C4+ fraction is recycled to the
reacti on vessel and 25 utilized as a part of the
starting material. By recy ling the CA+ fraction,
but ane contained in the r'ti ng hydrocarbon is
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containing mainly at |east one hydrocarbon of 5 or

e trihiony atimel Y kersidedabdelef reddmas 3Chts 10

fraction"). The position of separation of the C4

f r dneomditem thtef e@ed ractason' gy e teidrter Lefore or

after recycling of the C4+ fraction. As the apparatus

usle® Ftorors gsartadindmy @4 isdparadt dreastt heree hyair dos tised of

for exanple, a distillation colum, a flash drum 15
&ﬁ qu&rr%r@@earaétom (hemeinaftem mtifshidddatioms “C5+

g ”%2 i referred At least a part of the
Cttllr?é’ Rt POR tad@Por I eprradioo dfs thecyd ed

L LR LRAGAN %o 2g! 2098305 L A R 2re or
after recycling of the C4+ fraction. As the apparatus
used for separation (C4 separator), there may be used,
for example, a distillation'column, a flash drum
(vapor-liquid separator), etc., and a distillation
column which is preferred. At least a part of the
resulting C4 fraction and/or C5+ fraction is recycled
te the reaction vessel and can be used as a part of the
starting hydrocarbon.

In the method of the present invention,
yields of ethylene and propylene per the hydrocarbon
starting material can be improved by carrying out in
parallel the production of ethylene and propylene by
the catalytic conversion mentioned above and the
production of ethylene and propylene by steam cracking
method (tube type thermal cracking method). In this
case, since production of by-products such as methane

can be inhibited, purification of ethylene and



starting hydrocarbon. 20 In the nethod of the present
invention, yields of ethylene and propyl ene per the
hydrocarbon starting material can.. be inproved by
carrying out in parallel the production of ethylene
and propylene by the catalytic conversion nentioned
above and the 25 production3§f et hyl ene and propyl ene
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propyl ene and separating ethylene an

t heropBsidtd nghdbtaaia I aGld no: Hy ndT?:!ﬁﬂsé}féHE from

cracking is carried out preferably unde

candi triensl tinfg ZGQR-a0QG ddk treMsiRiube, ofrrihe dithe,

type cracking 10 furnace, 0-15 kg/cn2G in pressure,
0.cra@: k8 rgpdendranr i ece siute poe fid v 13N diriel- kHe MM ons
rati o of steam hydrocarbon. [Catalytic cyclization

r &ct/i568 307 Cariat Kempersddineentt ddhe habeettype afradi@ng
15 present invention, a part of the fraction B or the

f FRERGE DI LS ked@miS§ anparessural| Ool-fhe second in

on
h%%%g%%%%e time and 0.1-1 in weight ratio of

steam/hydrocarbon. 
[Catalytic cyclization reaction]

In another embodiment of the method of the
present invention, a part of the fraction B or the
fraction D; is used as a part or all of the hydrocarbon
starting material and is contacted with the medium pore
diameter zeolite-containing catalyst, whereby an
aromatic hydrocarbon of 6-9 carbon atoms can be
obtained. In this specification, this reaction is
referred to as “catalytic cyclization reaction”. In
the catalytic cyclization reaction, as the hydrocarbon
starting material capable of being added to the
fraction B or D2, mention may be made of, for‘example,
a starting material containing mainly at least one
material selected from the group consisting of
hydrocarbons of 1-12 carbon atoms, such as normal

paraffins, isoparaffins, olefins, cycloparaffins



starting material and is contacted with the nmedi um
pore dianeter zeolite-containing catal yst, whereby an
aromati ¢ hydrocarbon of 6-9 carbon atons can be 20
obtained. In this specification, this reaction is
referred to as "catalytic c§g i zation reaction". In
the catalytic cyclization reaction, as the hydrocarbon

c eln added t
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fosh arting materi al contalnlng mai nly at | east one
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5 may contain as inpurities a snmall anmount of o
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tertiary butyl ether, nethanol, etc reover, 1t may
COrR It TRy SEl Y] antdiunt, ofetthadiceine erc acetytante such asay

met hyl acetyl ene, propadlene but adi ene, pentadlene 10
et@RNBENp eanaf] prefwrt ed [y diicosr on startliange such as
materials which can be added to the fraction B or D2

i Pefhel acatai Yo draragiEnen tedeadiemer eartadiene,
foétlco.vvi ng materials as aforenentioned.

Examples of preferred hydrocarbon starting
materials which can be added to the fraction B or D, in
the catalytic cyclization reaction are the following
materials as aforementioned.

(1} A C4 fraction and C5 fraction separated
from products obtained by thermal cracking of petrcleum
hydrocarbons such as naphtha and fractions obtained by
partial hydrogenation of diolefins in the C4 fraction
and the C5 fraction to olefins.

{2) A fraction obtained by separating and
removing a part or all of butadiene and isobutene from
the above C4 fraction.

(3) A fraction obtained by separating and

removing a part or all of isoprene and cyclopentadiene
from the above C5 fraction.

{4) A C4 fraction and/or gascline fraction
separated from products obtained by fluid catalytic

cracking (FCC) of petroleum hydrocarbons such as



15 (1) A C4 fraction and C5 fraction separated from
products obtained by thermal cracking of petroleum
hydrocarbons such as naphtha and fractions obtained by
partial hydrogenation of diolefins in the C4 fraction
and the C5 fraction to olefips. 20 (2) A fraction
obt ai ned by separating and “r'enoving a pg;tfor ?!I of
bu ' j u : t ove raction.
(B)EégAhfgggc??%ﬁéggtga%iﬁggl%;g%gagg?ﬁgggéﬁd rem;v:cng a
art or all IS n . Ly C a ; o
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t he above C5 fraction.

gasepingcdaactbpng ssparated from products obtained by
fluid catalytic cracking (FCC) of petrol eum

hydr ocar bons (sucha ass 3Fraefbicesh @y 5S4 o ol 5t 1 Hatedon

light oil. (5 A C4 fraction and/or gasoline fraction

> sepapat £ted rHmm lopkesca fInA Shfiaciian &t Yarbon
gasoline fraction 5 separated from hydrocarbons

symirieside darfd drydesdan byronosditer-amebgyel osen-tion (ET
Fi scher-Tropsch reaction (FT synthesis). These may be
usediidwetizl one or in a mxture of two or nore. 10

The zeolites used in the catalytic «cyclization
reaction ar dhescadede nedidimatr @laianst dn a mixture

zeq%ites" having a pore dianeter of 5-6.5 A
of two or more.

10 The zeolites used in the catalytic
cyclization reaction are so-called “medium pore
diameter zeolites” having a pore diameter of 5-6.5 A.
The meaning and examples of the term “medium pore
diameter zeolites” are the same as aforementioned.

15 Furthermore, the medium pore diameter
zeolite-containing catalyst used for thé catalytic
cyclization reaction can be made more suitable by
adding thereto a hydrogenation/dehydrogenation metal
compenent. Particularly, when at least one material

20 selected from metals belonging to Group IIB, Group IIIB
and Group VIII of the periodic table and compounds
thereof, the zeolite-containing catalyst is improved in
dehydrogenation cyclization ability and can be a
suitable catalyst for producing aromatic hydrocarbons.

25 The metals belonging to Group IIB, Group IIIB and Group
VIII of the periodic table and compounds thereof are
preferably zinc, gallium, indium, nickel, palladium,

and platinum, and oxides and composite oxides thereof,




The neani ng and exanpl es of the term "nmedi um pore

di aneter zeolites" are the sane as aforenentioned. 15
Furt hernore, the nedi um pore dianeter

zeol ite-contai ning catal yst used for the catal ytic
cyclization reaction can be_made nore suitable by
adding thereto a hydrogenatﬁén/dehydrogenation net al
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i ndium nickel, palladium and plati num™ an
and- oSl f @ .ad2des byhelseef in38 e raid JPORR el er ably

zinc, zinc oxide and conposite oxides of zinc such as

zi nc al uni natse thEhe carividat d@htatilﬁl%dmtnakfhebﬁe%ﬁginngndr%
Goup IIB, Goup IIIB and Goup VIII of the periodic

t silagedied comiddrdsontediedhgwichht a3 yises petlerieo dafe be used
zeolite-containing catalyst is preferably 0.1-20% by
mEdetoR ttebes zePlisralr As zehd izeokich¢adonhgi medrionp IB
t he dium pore dianeter zeolite-containing catalyst,

t f6itélcaRapelyzeat peacsnongpBeEadl sedested Zaohi tthe

containing a &,oup I.B 10 netal, nanely, at |east one
et SUPs § %Eﬁé ipgopft fEPPer, silver and gold. As the

Group IB metal, copper and silver are preferred and
silver is especially preferred. The method for
obtaining the proton type zeolite and the method for
containing the Group IB metal in the zeolite are the
same as mentioned hereinbefore.

There is no severe limitation on the content
of the Group IB metal, but the content is preferably
0.1-10% by mass, more preferably 0.2-5% by mass based
on the mass of the zeolite. If the content of the
Group IB metal is less than 0.1% by maés, the activity
for the catalytic cyclization reaction is insufficient,
and even if it is added in an amount exceeding 10% by
mass, the performance is no longer improved.

The molar ratio Si0,/R1,03 of the zeolite in
the catalytic cyclization reaction must be 20 or more
from the point of view of stability as a catalyst. The

upper limit of the molar ratio 5i0,/Al;0; is not
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group consisting of copper, silver and gold. As the
Goup IB netal, copper and silver are preferred and
silver is especially preferred. The nethod for

obtai ning the proton type zeolite and the nethod for
15 containing the Goup IB ggtal in the zeolite are
the sane as nentioned hereinbefore. There is no
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nmetal, but the content 1s pre
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| egmerhan O.uk%dy mass, the activity for the
catal ytic cyclization reaction is insufficient, and

even if it i addeddt1an iAW 1066e0H REaEOYRY it is

mass, the performance is no |onger inproved. 25 The
mellao ratsisd b3ieORoAL2EB a0 etz 12eQhinti®iosi 1ith®e in which
catal ytic cyclization reaction nust be 20 or nore

f romatrite ofoiadumdhuwi ewoofs sboalbitliitty iag &heatabyste The
upper Iimt of the nolar ratio SiQ2/A120G3 is not 39
p&reileticar by er gspiipcedd wighdmetadsl suehoksabayt Fe, B and
20-500, preferably about 28-300 in nolar ratio
SFE2PA zosiept@ll@éﬁirlalalty édsewhich ehé o4t hyt Atuminum
cyclization reaction, it is_ 5 also possible to use a
néFSF“Fo&PUﬁC%gFPPEa#Eei RERALER skepgEPnofral urPhased

ChOIR, ERISLLLAL! 1R, L0 Zepl! L8 pkel sLon et splaced.
ehe! bBsbL! faLE1LNiWNLRD LLaPTobREREh Y MMM e or
metallosilicate is converted into terms of the mol
number of Al;0; and then the molar ratio $10,/Al;0; is
calculated.

Containing of alkali metal and alkaline earth
metal in the zeolite and heat treatment of the zeolite
in the presence of water vapor in the catalytic
cyclization reaction are the same as aforementioned.

In a case where the zeolite-containing
catalyst is used for the catalytic cyclization reaction
for a long period of time, deterioratién due to coking
may sometimes occur. In this case, the catalyst
deteriorated by coking can be regenerated by burning
and removing the coke on the catalyst at a temperature
of 400-700°C usually in air or a mixed gas comprising
oxygen and an inert gas. Because water vapor is
produced in the regeneration treatment, the above heat

treatment in the presence of water vapor can also be



atons constituting the zeolite skeleton are repl aced
10 with the above netals. In this case, the content of
the above netals in the netall oal um nosilicate or
metallosilicate is converted into terns of the np
nunmber of A1203 and then thg nmolar ratio Si 02/ Al 238 is
cal cul ated. 15 Containing o Oal kali netal and al kal i ne
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can be attﬁined“ . .
n using the zeolite~containing catalyst in

the catalytic cyclization reaction, it is preferred to
make the zeolite-containing catalyst into a molded body
for giving particles of proper shapes. 1In this case,
only the zeolite is molded and the resulting molded
body can be used as the zeolite-containing catalyst.
However, ordinarily, the zeolite is mixed with a porous
refractory inorganic oxide such as alumina, silica,
silica/alumina, zirconia, titania, diatomaceous earth,
clay or the like as a binder or molding diluent
{matrix}, the resulting mixture is molaed and the
resulting molded body is used as the zeoclite-containing
catalyst.

When the matrix or binder is used, the
content thereof is preferably 5-30% by mass, more
preferably 10-50% by mass based on the total mass of
the zeolite and the matrix or binder.

The conditions of the catalytic cyclization



Furthernore, if necessary, the zeolite used in the
catal ytic cyclization reaction can be used as a

catal yst after being subjected to calcination. In this
10 case, the calcination tenperature is usually
500-900C. In using the zeoljte- contalnlng catal yst in
the catalytic cyclization régctlon is preferred to
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nol ded and the resulting nolded body 1s used as ?

zeobtéeigdni Qi M 0Q-3 qata) Yaid NM@nwéfghfmﬁémflf space
bi nder is used, the 25 content thereof is preferably

5- 986 &t yraiss, 0 MDFE0 I df ennlll yo1o- po¥rbyapngsthased

on the total mass of the zeolite and the matrix or

bi iR T ather € oieli 40Gr@ @TC L he catal ytic cyclization 41
reaction in the present invention varies depending on

t he hydrocarlfvh mationy el altilegad cinl aley catelytic
ratio of amount of olefin and paraffin in the starting

met 6T A2 LR RatEbIQf tHhe RnRRe dwent 1300 1880 Ge
any of fixed bed type, moving bed type and fluidized

bed type and the reaction manner is not particularly
limited. Preferred is an adiabatic fixed bed type
reaction vessel which is simple in structure.
(Examples)

The present invention will be explained more
specifically by the following examples and comparative
examples, which should not be construed as limiting the
invention in any manner.

Measurements conducted in the examples and
comparative examples are as follows. |

(1} Measurement of amount of proton in the
zeolite by liquid phase ion exchanging/filtrate
titration method.

1.5 g of zeolite was calcined in air at a
temperature of 400-600°C, and thereafter subjected to
ion exchanging in 25 ml of an agueous NaCl solution of

3.4 mols/liter while ice cooling for 10 minutes. After



5 the partial pressure of the hydrocarbon starting
material is 0.01-3 MPa, and the wei ght hourly space
velocity is 0.1-50 hr-1, and nore preferably the
tenperature is 400-600C. The reaction vessel utilized
in the catalytic 10 cyclizaybon reaction of the
present invention nay be any of fixed bed type,

noviing beshltypey andkfdie dizedri bedrdyperROdzEHEi te was
reaction manner is not particularly |imted.

Pr efashred] wistlarbGdibbat imife xetkded dvderof £RCAhOINL of
vessel which is sinple in structure. 15 (Exanples) The
pr égentf i uerite orontiddnioey etpd aratask nyeed  Speciddeahd Ywas
by the foll owi ng exanpl es and conparative exanples,
WhitET Sifgiad ndthise fddistateed amtdimiriigrdter used for
i nvention in any manner. 20 Measurenents conducted in
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(1) Msﬁsurenent of amount of proton in the zeolite by
i quitd SHESEYSo N BRRgitAgni landattdie tamowmtti erf protons
netho%. 25 1.9 %bOf zeolite was calcined in air at a

t entperaurE °df- R ag0 0B 2dR@ < Farafther pulitectfed t o

i 0 ngi_ng in 25 mM of an aqueous NaC sol ution of
3.%e%§%§ ﬁ% 5%°ﬂhile ice cooling for 10 m nutes. After
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1 gof The reaction rate constant K (hr™!) which is

15

20

25

an indication of catalytic activity was obtained by the
following formula.,

K = WHSV =x 1n[1/(1-X)]

[In the above formula, WHSV (hr™}) is the
weight hourly space velocity of the fed starting
material with respect to the weight of the zeolite-
containing catalyst, and X (with no unit) is an olefin
conversion on the basis of butene { (concentration of
olefin of 4-8 carbon atoms in starting material (% by
mass) - concentration of butene in product (% by mass)/
concentration of olefin of 4-8 carbon atoms in starting
material (% by mass)}. |
[Example 1]

An extrusion molded arficle of H type ZSM-5
having a molar ratio Si0,/Al,0; of 1000.(containing 30%
by mass of 8iQ, binder and having 1.6 mm¢, and bought
from Nikki Universal Co., Ltd.) was dispersed in a 1N

aqueous sodium nitrate solution (10 cc/g-zeolite molded



the filtrate containing the water used for washi ng was
recovered. This filtrate (containing water used for 5
washi ng) was subjected to neutralization titration
with 0.1N aqueous NaCH sol ution, and the anount of
protons in the zeolite was,gbtained fromthe point of
neutralization. (2) Calculation of reaction rate
consd@pf, Kand 1o hexéRasdi e £ALSRONStRN &K EPlad) out at
which is an indication of catalytic activity was
obtained by the followng fornula. K = VWHSV X
In[I/(1-X)] [In the above fornmula, WHSV (hr-1) is the
15 wei ght hourly space velocity of the fed starting
material with respect to the weight of the zeolite-
containing catalyst, and X (wth no unit) is an olefin
conversion on the basis of butene {(concentration of
olefin of 4-8 carbon atonms in starting material (% by
20 mass) - concentration of butene in product (% by
mass)/ concentration of olefin of 4-8 carbon atons in
starting material (%by mass)}. [Exanple 1] An
extrusion nolded article of Htype ZSM5 25 having a
nolar ratio Si O2/ Al 2G8 of 1000 (containing 30% by
mass of Si 2 binder and having 1.6 nmf, and bought
fromN kki Universal Co., Ltd.) was dispersed in a 1N
aqueous sodiumnitrate solution (10 cc/g-zeolite

nol ded 42/1
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body), and ion exchanging treatnent was carried out at
43 roomtenperature for 1 hour repeatedly three
times, followed by carrying out filtration, washing
with water and drying to prepare an Na type
ZSM 5/ Si Q2. This was disper,sed in a 0. OLN aqueous
silver nitrate solution 5 (fé cc/ g-zeolite nol ded

b . : , { at
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steam ng for 5 hours under the conditions o

and a nitrogen flow rate of d Ncc/min. The unt

ofcaprmiteahoutn dthe doid aleygle rA tafreeir Ul ehed i tro1iQwed
the steam ng treatnent was neasured by quuid phase

| &y éXdhanegiing,f iatshaing wiitthaia@e reindodrtyd nePtal Brepare
0.002 mmol /g. 10 g of the catalyst A after the

s e &ited viste &t-ne Thewagopacked Ag dnr ehet icanalgssel

made 20 of HASTELLOY C having an inner dianeter of 17
nigasugschycs lugreissens- X-shvwanedysalsl was 0( dbgabyed
b% extracgin but adi ene and i sobutene froma C4
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starting material, _.a_.reaction was carried out under
t%gafglggnHFFFSﬁsogflg Fe8cii ol ReRpet aEERLY 08NE80C, a

fgﬁﬁjected to steaming for 5 hours under the conditions
of a temperature of.650°C, a steam flow rate of 27.6
g/hr and a nitrogen flow rate of 140 Ncc/min. The
amount of protons in the catalyst A after subjected it
to the steaming treatment was measured by liquid phase
ion exchanging/filtrate titration method to obtain
0.002 mmol/g. 10 g of the catalyst A after the
steaming treatment was packed in a reaction vessel made
of HASTELLOY C having an inner diameter of 17 mm¢.
Using C4 raffinate-2 shown in Table 1
(obtained by extracting butadiene and isobutene from a
C4 fraction obtained by steam cracking naphtha) as a
starting material, a reaction was carried out under the
conditions of a reaction temperature of 580°C, a feed
amount of the C4 raffinate-2 of 60 g/hr (WHSV = 6 hr'l)
and a pressure of 0.1 MPaG, the resulting reaction

product was cooled to about 30°C at the outlet of the




anmount of the C4 raffinate-2 of 60 g/hr (WHSV = 6
hr-1) and a pressure of 0.1 MPaG the resulting
reaction product was cool ed to about 30C at the
outlet of the 44 reaction vessel using a heat
exchanger and then introdugﬁd into a gas-liquid
separation drumto separat and recover a liquid (C4+
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g/ hr; feed rate of C4+ fraction:
56.Tatre 1), redali Qs IHEeSHY ere&\ﬂeﬂ\é)cﬂ%él-[lheffa?&qdrprh d c4
pr oduct obtai ned after a given time fromstarting o
f el Mihafe-s2 a4 i Sa LAY i@t MBS 115 re@@ﬁéﬂlment of C4+
i ntroduced into a gas chromatography (TCD, FlI
detesttalris)g twasana yried heitc @qogia wm;,rsmﬁlcmalam s by
gas chromatograph was carried out under the follow ng
cordi kavoimgl  eBae ranen®@-11 TAmrEifoast.ur ed by Shi madzu
Corp. 20 Colum: Custom capillary colum SPB-1 (0.25
mm i n i nner HEikardmentago apnditiengt:h, 3.0 pmin film
t hi ckness) manufactured by SUPELCO, |Inc. Amount of

sanpl e gas: REAACIOMhE STMOFELNGE:i B80°C; feed rate of C4
raffinate-2: 30 g/hr; feed rate of C4+ fraction: 31.2

10

g/hr (WHSV = 6.1 hr™'); reaction pressure: 0.1 MPaG
The reaction product obtained after a given
time from starting of feeding of starting material was
15 directly introduced into a gas chromatography (TCD, FID
detectors) to analyze the composition.
The analysis by gas chromatograph was carried
out under the following conditions.
Device: GC-17A manufactured by Shimadzu Corp.
20 ‘ Column: Custom capillary column SPB-1 (0.25
mm in inner diameter, 60 m in length, 3.0 pm in film
thickness) manufactured by SUPELCO, Inc.
Amount of sample gas: 1 ml (the sampling line
was kept at 200-300°C to prevent liquefaction).
25 Heating program: Keeping at 40°C for 12
minutes, then heating to 200°C at 5°C/min, and keeping
at 200°C for 22 minutes.

Split ratio: 200 : 1



was kept at 200-300C to prevent liquefaction). 25
Heating program Keeping at 40C for 12 mnutes, then
heating to 200C at 5C/ nmin, and keeping at 200C for 22
mnutes. Split ratio: 200 : 1 45 Flow rate of carrier
gas (nitrogen): 120 m/min. FID detector: Ar

suppl ying pressure 50 kPa C%%out 500 M/ mn),

hydr ogen su ressure 60 kPa abou

my/m%) pEE¥ gaﬁ& dca?@eaeﬂéétééléﬁagﬁ?b 120
def e were connected in series, and hydrogen and
hydrocarbons of 1 carbon atom and 2 carbon atons were
(ot ected by b0 0 eg%%@tgefz‘%ﬁgg fR6eERens, oL S0 0%.

10 nore carbon atons wereée
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12 hours fromstarting of the reaction 15 were that
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stdeténgoaters atonves e &2. 1196 a0k & 7%nd rrﬁm%éﬁ/%{da
However, the conponents of 6-8 carbon atoms in the

r doolere s fofct i onver eatdh Mefd nsadbrexcents fiire
aromati ¢ hydrocarbons. Mreover, the ratio of the

r slRidred e YondChtdet aftar ahddwydrandttdhs of 3 or

10 more carbon atoms were detected by the FID detector.
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After 10 minutes from starting of analysis, the
detecting output was switched from TCD to FID.

The results of analysis of the reaction
product after 12 hours from starting of the reaction
were that yields of propylene and ethylene (% by mass)
with respect to the olefin of 4-8 carbon atoms in the
feed starting material were 32.1% and 8.7%,
respectively. However, the components of 6-8 carbon
atoms in the recovered C4+ fraction were all olefins
except for aromatic hydrocarbons. Moreover, the ratio
of the reaction rate constant K after 4 hours and 24
hours from starting of the reaction [K{24 hours)/K(4
hours)], was 0.90.

[Comparative Example 1]

Thé reaction of C4 raffinate-2 was carried
out under the same conditions as in Example 1, except
that only the C4 raffinate-2 in a feed amount of 60

g/hr (WHSV = 6 hr™') was used as a starting material fed



hours fromstarting of the reaction [K(24 hours)/K(4

hours)], was 0.90. [Conparative Exanple 1] 25 The

reaction of C4 raffinate-2 was carried out under the

same conditions as in Exanple 1, except that only the

CA raffinate-2 in a feed amount of 60 g/hr (WHSV = 6

hr-1) was used as a startind®material fed 46 to the
ction vessel. The results of analysis_of the
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material w thout renoving heavy nateri

advarsearef flecifianry deiaidOrald o Hodhe GRIMSIrting of
Furthernore, it can be seen that the non-aronmatic

c drfyEonesdcs: iafn 618 oarzon: shY rato o urs the Wedt o rect i on
can be effectively utilized for production of

propyl ene aritfrast toce meompaiamm e 2 xAmpaxepdar iwiam
corresponding to recycling of ethylene was conducted
uhPEP AR iyanExeamdiet ilons tasaim be seen that use of the

C4+ fraction, as it is, as a recycling material without
removing heavy materials had no adverse effect on
deterioration of the catalyst. Furthermore, it can be
seen that the non-aromatic components of 6-8 carbon
atoms in the C4+ fraction can be effectively utilized
for production of propylene and ethylene.

[Example 2]

An experiment corresponding to recycling of
ethylene was conducted under the same conditions as in
Example 1, except that the C4 raffinate-2 in an amount
of 26.8 g/hr, the C4+ fraction in an amount of 27.2
g/hr, and ethylene in an amount of 6 g/hr (WHSV = 6
hr™?) were used as the starting materials fed to the
reaction vessel.

The results of analysis of the reaction
product after 4 hours from starting of the reaction
were that yields of propylene and ethylene (% by mass)

with respect to the olefin of 4-8 carbon atoms in the



20 Exanple 1, except that the C4 raffinate-2 in an
anmount of 26.8 g/hr, the C4+ fraction in an anount of
27.2 g/hr, and ethylene in an anount of 6 g/hr (WHSV
=6 hr-1) were used as the starting materials fed to
the reaction vessel. 25 The results of analysis of
the reaction product after 4 hours fromstarting of
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silver nitrate solution (10 cc/g-zeolite nolde
bastyyindnd e exeanges 1o.0atnent o Mas2 6@ r [tk P18 303
60C for 1 hour which was repeated two tines, followed
bybcawass ngf @iO.f blitkiati and Wastiingg 1wid hm¢at ahdaBdught
drying to prepare a catalyst B. The anount of Ag in 15

t Her it isit B ineasaaleddy, fLubrescentd depenyseahalry 0 O2N
was 0.22% by mass. The catal yst B was packed in a
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body), and ion exchange treatment was carried out at
60°C for 1 hour which was repeated two times, followed
by carrying out filtration, washing with water and
drying to prepare a catalyst B. The amount of Ag in
the catalyst B measured by fluorescent X-ray analysis
was 0.22% by mass. The catalyst B was packed in a
reaction vessel made of HASTELLOY C having an inner
diameter of 27 mm$ and subjected to steaming for 5 hours
under the conditions of a temperature of 650°C, a steam
flow rate of 214 g/hr, a nitrogen flow rate of 400
NL/hr, and a pressure of 0.1 MPaG. The amount of
protons in the catalyst B, after the steaming
treatment, was measured by liquid phase ion
exchanging/filtrate titration method and determined to
be 0.002 mmol/g. 60 g of the catalyst B, after the
steaming treatment, was packed in a reaction vessel
made of HASTELLOY C having an inner diameter of 27 mmé.

Using C4 raffinate-2 shown in Table 2 as a



di ameter of 27 mmd and subjected to steamng for 5
hours under the conditions of a tenperature of 650C, a
steam 20 flow rate of 214 g/hr, a nitrogen flowrate
of 400 NL/hr, and a pressure of 0.1 MPaG The anount
of protons in the catalyst B after the steam ng
treatnent, was neasured by Iquﬂ d phase ion
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d
g/hr 5 (WHSV = 1), a feed anount o steanlog/§68 an

g/ &r reatel o pﬁ@@ém@@ ®f egsurgpat, Oadg MIaG, rangdh ¢ heg
resulting reaction product was fed to a dlstlllatlon

cotemet fod psepacateds | i@ Bh 24 {8 {1 Betion @dhn Grid
fraction. About 56% by mass of the C4+ fraction was
r etgpeArtted Ikae hen riea@3d dracesisel andf (221C 460 MiriarttiiRg: .
the reaction for 2 days, the catal yst was subjected
t Fh@gentrathivmass eaf e Uhdefradiel drolvamvirecycled to
conditions. Conditions of the regeneration treatnent:
RegEheTeAT oo etk ur AL BY0-BBUG: N UBG dgenaregdivion for

ressure: 5 MPa flow rate of nitrogen
P Ze dc' ays, t%e cata%’yst was subjected tog regeneration

treatment under the following conditions.

Conditions of the regeneration treatment:

Regeneration temperature: 500-550°C;
regeneration pressure: 0.5 MPaG; flow rate of nitrogen
+ air: 1008 NL/hr; oxygen concentration: 1-5% by
volume; regeneration time: 10 hours.

The yields (% by mass) based on the C4
raffinate-2 are shown in Table 2. The AAROMA/P was
3.5. The regeneration gas at the outlet of the
reaction vessel in the regeneration treatment was
periodically sampled and the regeneration gas was
analyzed using a gas chromatograph to measure
concentrations of CO; and CO, from which the amount of
coke was determined. The amount of coke was divided by
the total amount of the starting materials fed during
the reaction to obtain a yield of the coke, which was

72 ppm by mass.



+ air: 1008 NL/hr; oxygen concentration: 1-5% by

vol unme; regeneration tine: 10 hours. The yields (% by
mass) based on the C4 raffinate-2.are shown in Table
2. The AAROVA/ P was 20 3.5. The regeneration gas at
the outlet of the reaction vessel in the regeneration
treat nent was periodically4 anpl ed and the

rege j a | yzed using a gas
Ch?08£%%%%29E8 éx%@ésﬁfg? concentrations of CO2 and
CO, fronwmhl ampynt  pf 25 e\ et erm_ne
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in a feed anount of 360 5 g/ hr

used tase aretariomy e . aITrfeeoyléxzjé h@% r%%a.@) based

vessel. The yields (% by mass) based t

r afrf ittee &9 refef istedwt 4 ra reald heovih 1'Eherabl@ . ofTreokgield

was 77 ppm by mass. In conparison with Exanple 3, it
caf swkseains 10 wipat yhenasssl ds of et hyl ene and

propyl ene were inproved by recycling the Ci+

fraction. Fdft KOMPSTd sant vddh Heampden 3 hdtt tdeen yieelsken

of c%k id 2§§ i ncrease even when the C4+ fraction
gﬁﬂ &d s cfys&thylene and propylene were improved

by recycling the C4+ fraction. Furthermore, it can be
seen that the yield of coke did not increase even when
the C4+ fraction was recycled as it was.

[(Example 4]

72 parts by mass of H type ZSM-5 (having a
molar ratio Si0;/Al;0; = 80), zinc nitrate (10 parts by
mass in terms of zinc metal) and alumina sol (18 parts
by mass in terms of Al,03;) were kneaded and extruded to
prepare a molded product of 1.6 mm in diameter and 4-6
mm in length. This was dried at 120°C for 4 hours and
then calcined at 500°C for 3 hours to obtain a ZSM-5
zeolite molded catalyst. This catalyst was dispersed
in 1N aqueous sodium nitrate solution (10 cc/g-zeolite
molded body}, and ion exchange treatment was carried
out at room temperature for 1 hour and was repeated
three times, followed by filtration, washing with water
and drying to prepare an Na-containing ZSM-5/5i0,. This

was dispersed in 0.1N aqueous silver nitrate solution



[ Exanpl e 4] 15 72 parts by mass of H type ZSM5
(having a nmolar ratio Si02/A 203 = 80), zinc nitrate
(10 parts by nmass in terns of zinc netal) and al um na
sol (18 parts by mass in ternms of A1203) were kneaded
and extruded to prepare a nolded product of 1.6 nmin
di aneter and 4-6 20 nmin | &fgth. This was dried at

n cal cined at 500C for 3
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the catalyst C neasured by fluorescent X-ray analysis
ekl dineB9%hyo fved Phimd Hiel GatbdletateC teas fRaGKed ifdA 3 hours
reacti on vessel made of HASTELLOY C havi ng an inner
ditambertiof @hdirtd cared by ectngek taorwwtee i W, 3 steam
hours under the conditions of a tenperature of 650C, a
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of 400 NL/hr, and a pressure of 0.1 MPaG 39.6 g of
t AB+/nr, and a pressure of 0.1 MPaG. 39.6 g of the

catalyst C after the steaming treatment was packed in a
reaction vessel made of HASTELLOY C having an inner
diameter of 27 mmg.

A reaction was carried out under the
conditions of a feed amount of the C4+ fraction
obtained in Example 3 of 110.9 g/hr, a reaction
temperature of 515°C and a pressure of 0.5 MPa. The
yield of aromatic hydrocarbon of 6-9 carbon atoms after
2 hours from starting of the reaction was 45.32% by
mass. From the results of Example 3 and Example 4, the
yields based on the C4 raffinate-2 were 9.08% by mass
for ethylene, 38.05% by mass for propylene and 22.82%
by mass for aromatic hydrocarbon of 6~9 carbon atoms.
Thus, it can be seen that ethylene, propylene and
aromatic hydrocarbon of 6-9 carbon atoms are
selectively obtained by subjecting the by-product C4+

fraction to a catalytic cyclization reaction.



catalyst C after the steanmi ng treatnent was packed in

a reaction vessel

made of HASTELLOY C havi ng an inner

di aneter of 27 nmm+. 15 A reaction was carried out

under the

fraction obtained in Exanple 3 of 110.9 g/hr,
reaction tenperature of 515&

MPa.. _.The yij
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of 6-9 carbon atons. 25 Thus,

conditions of a feed anpbunt of the C4+

a

and a pressure of 0.5
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el d of aromatic hydrocarbon of 6-9 carbon
20 2 hours fromstarting of the reaction
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it can be seen that

l hyl ene B GV\\II ene und af nnrnf i r\ h\/dr 0carl hon of 6-9
a n 5 i éd <oy cllq‘;‘ﬂ'br‘frﬁﬁtlon
t/h Cproductt+ fraption t -Qlcatal ytic 0.00
CM§% ﬁgﬁ reaction. 51 [Table [ Conposition o&
rnaffi'nate-2 and C4+ fragction ( d@ mass) | Cbnpo%e Qs
(7 5g¥ jidiate-2 C4+ fraction t Byl acetyl ene 0.07 0.0
Bropadi ene 0.22 0.00 Propylene 0."18 0.01] Propahe
0.:0042 0 Butadiene 1.69 0.02j g4 0.00

Butadiene 1.69 0.02

Butene 78.73 7.89

Butane 17.94 4.06

Pentene 0.30 20.47

Pentane 0.53 2.17

Benzene 0.00 2.54

Cé non-aromatic 0.00 16.15

hydrocarbon

Toluene 0.00 €.29

C7 non-aromatic 0.00 16.37

hydrccarbon

C8 aromatic 0.00 9.52

hydrocarbon

C8 non-aromatic 0.30 7.39

hydrocarbon

C9+ hydrocarbon 0.00 7.12

Total 100.00 100.00




Butene 78.73 7.89 Butane 17.94 4.06 Pentene 0.30
20.47 Pentane 0.53 2.17 Benzene 0.00 2.54 (6
non-aronatic 0.00 16.15 hydrocarbon Tol uene 0.00 6.29
C7 non-aromatic 0.00 16.37 hydrocarbon C8 aromatic
0.00 9.52 hydrocarbon C8 non-aromatic 0.30 7.39
hydrocarbon Co+ hydrocarbon5§ 00 7.12 Total 100.00

10 [ Tabl e 2] [Conposition of starting nateri al
reactllon yield (% by mass)] Exam e 3 Conparatlve

ﬁ%@in %?é%%ldgggh%%%gﬁ% éﬁ%%gf BRI %%%_ Ifies

Ethyhqunégéy% 9.08 6.40 Ethane 0.00 0.21 0.15

Examle 3 Comparative
Components C4 raffinate-2 ; Example 2
(yields) )
(yvields)

Hydrogen 0.00 0.05 0.03
Methane 0.00 0.26 C.18
Ethylene 0.00 9.08 6.40
Ethane 0.00 0.21 0.15
CzH, - 0.10 0.00 0.00
Propylene 0.06 38.05 26.84
Propane 0.18 1.38 1.03
Butadiene 0.91 0.02 0.03
Butene 78.95 18.31 28.93
Butane 1B8.48 21.45 20.57
Pentene 0.81 6.15 9.80
Pentane 0.35 0.40 0.38
Benzene 0.00 0.19 0.13
Cé non-aromatic 0.00 1.52 2.42
hydrocarbon
Toluene 0.00 0.63 0.46
C7 non-aromatic 0.00 0.85 1.35
hydrocarbon
C8 aromatic 0.00 0.64 0.45
hydrocarbon
C8 non-aromatic 0.16 0.29 0.47
hydrocarbon
C9+ hydrocarbon 0.00 0.52 0.38

Total 100.00 100.00 100.00




C3H4 0.10 0.00 0.00 Propylene 0.06 38.05 26.84
Propane 0.18 1.38 1.03 Butadiene 0.91 0.02 0.03
Butene 78.95 18.31 28.93 Butane 18.48 21.45 20.57
Pentene 0.81 6.15 9.80 Pentane 0.35 0.40 0. 38

Benzene 0.00 0.19 0.13 C6 non-aromatic 0.00 1.52 2.42
hydr ocar bon Tol uene 0. 00 b. 63 0.46 C7 non-aromatic

s e
hyd b b 0.00 O 0.38,. T
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obtained from the reaction product by a simple method.
An efficient and stable recycle process can be

achieved. Therefore, the method is industrially useful

for producing ethylene and propylene.



An efficient and stable recycle process can be

achi eved. Therefore, the nethod is industrially useful
for producing ethylene and propylene. 54 CLAIMS 1. A
met hod of produci ng et hyl ene and propyl ene which
conprises contacting a hydrocarbon starting material
contai ni ng 20% by mass or noP® of at l|east one olefin
of 4-12 carbon atons with &G yst containing a
medi um pore di aneter zeofi‘éﬁ e zeolite containing

ra L8 ooz acachroBonY sBetRieler sAT LR, Sy REbpyLene

grOHRicﬁogéﬁégiggsoéog%%@§%$¥9§ E?g#gggﬁbohnséarting

reacti on ves under con I ons Feaction

tempgratus e 06nd09:: 89050 appantial oPr GSSY 850t tNast one
gl % ﬁ% d a :

hydr ocarbon starting “materi of 0.01-0. a an

vei ghéeFRUbE Y4 SPACEa r¥Eh 08t bs Ofii dn190chfalysO &8¢ ¥ining
out a catalytic conversion reaction of said at |east

onea oh&di iim Opo fe Qi ai@t HONz @6 DI, t HRE €DYo PLEQI BbIEa Bning
reaction m xture containing ethylene and propyl ene,
sepsait htengatdesuls et t bal hy xhorgrobdos A hdelhg o olar -
contai ning mainly hydrogen and hydrocarbons of 1-3
car babhiat 9n8: /AidOa of r2ed+ o008 sndt a¢ heogednf ndy @he group
| east one hydrocarbon of 4 or nore carbon atons, and
sepaPati pigiey hgf eh@ahdtype opgPbhee$r obi t her¢aaiomnvessel
A, said nethod neeting the follow ng requirenents (i)
andIRH$Y : CORGit o ¢S5y MROVPP tenpgrature of 400-
600°C, a partial pressure of the hydrocarbon starting
material of 0.01-0.5 MPa and a weight hourly space
velocity of 1-100 hr™! to carry out a catalytic
conversion reaction of said at least one olefin of 4-12
. carbon atoms, thereby obtaining a reaction mixture
containing ethYlene and propylene, separatihg the
reaction mixture into a fraction A containing mainly
hydrogen and hydrocarbons of 1-3 carbon atoms and a
fraction B containing maiﬁly at least one hydrocarbon
of 4 or more carbon atoms, and separating ethylene and
propylene from the fraction A, said method meeting the
following requiréments (1) and (ii):
(i) to satisfy AAROMA/P < 13
AAROMA = AROMAout - AROMAin
(AROMAin: percent by mass of aromatic
hydrocarbon component of 6-8 carbon atoms in the

hydrocarbon starting material at the inlet of the

reaction vessel,



AAROVA = AROMAout - AROMAI n ( AROMAI n: percent by nass
‘of aromatic hydrocarbon conponent of 6-8 carbon atons
in the hydrocarbon starting naterial at ‘the inlet of
the reaction vessel, 54/1 AROVAout: percent by nass
of aromatic hydrocarbon conp ;ft of 6-8 carbon atons
in the 55 reactlon n1xture he outlet of the
reaction vessel,- p t he

hydr ocar bon startlng ma g#la#gfﬁgé?)gyaﬁasflof F5omatlc
" ecphiLodRrBSR0 BympBREnLlot NE- 4T A0tAR Blfls b

reacti on vessel and use it as ydr ocarbon starFlng
material.. 2. A nethod according to claim1, wherein
the fraction A is separated into a fraction A
cont ai ni ng mai nly hydrogen and hydrocarbons of 1-2
carbon atons and a fraction A2 containing mainly
hydr.ocarbons of 3 carbon atons, and at |east a part
of the fraction Al is recycled to the reaction vesse
and used as a part of the hydrocarbon starting
material. 3. A nethod according to claim1, wherein
15-90% by - nass of the fraction Bis recycled to the
‘reaction vessel and wused as a part of the hydrocarbon
starting material. 4. A nethod according to claiml1,
wherein the fornmula in the requirenent (i) is
AAROVW P < 10. 5. A nethod of produ0|ng et hyl ene and
propyl ene whi ch



conprises contacting a hydrocarbon starting nmateri al
contai ning 20% by mass or nore of at |east one olefin
of 4-12 carbon atons with a catal yst containing a
medi um pore dianeter zeolite, the zeolite containing
silver and substantially no $®rotons, having a nol ar
ratio Si 2/ A12G3 of 200-5000 in a reaction vesse
under the conditions of a reaction tenperature 56 of

reaé@@ob08Cxrareakti aheporglere off tihke Mesditdear hassel,
starting material of 0.01-0.5 MPa and a wei ght hourly

space vel ocity,0hark1300 dHeshulre G hedHydrdcidlot i C
conversion reaction of said at |east one ol efin of

sta%?%ﬁgc%%Q%Q}%ﬁoﬁﬁ?agper%@h obtaining a reaction

re -containing Hyl"ene and propyl ene, separating

the reacti,on_m xture int fraction C ai ni.n .

mai nl y Frf}gr Gé’eﬁegﬁ’&lﬁy&%dg o s“@fssl-o%og%}ao%%to]r%n B to

and a fraction D containing nmainly at |east one ,
thehygpetarpoivesred andnise ddr Bén the dnslracarhon i ithes

fraction Dinto a fraction D1 containing minly a
matkydrdcar bon of 3 carbon atons and a fraction D2

containing mainly at |east one hydrocarbon of 4 or

2. nore capbaethaidor®ccaidd nsepar atliaig af,hwieneiand/ler fraction
propyl ene fromthe fraction C and/or the fraction D1,

A isakdpERbhed meeld R et ifel lhowebdrheddhberBAnS y( hiydrogen
land Fii): (i) to satisfy%AARC%%/P 13 AA%CNA = v hjdrog

andABg%‘??H%rbﬁ)ﬁWAQ—%%%o% et %gl_&?é Hon )08

a I C rbon conponent of carbon atonms in
con B PGS0 BB e S, B 2t
a part of the fraction A; is recycled to the reaction vessel
and used as a part of the hydrocarbon starting material.
3. A method according to claim 1, wherein 15-90% by
mass of the fraction B is recycled to the reaction vessel and
used as a part of the hydrocarbon starting material.
4. A methed according to claim 1, wherein the formula
in the requirement (i} is AAROMA/P < 10.
5. A methed of producing ethylene and propylene which
comprises contacting a hydrocarbon starting material
containing 20% by mass or more of at least one olefin of 4-12
carbon atomg with a catalyst containing a medium pore diameter
zeolite, the zeolite containing silver and substantially no
protons, having a molar ratio Si0;/Al1,0; of 200-5000 in a

reaction vessel under the conditions of a reaction temperature



hydr ocar bon conponent of 6-8 carbon atons in the
reaction mxture at the outlet of the reaction
vessel, P:. partial pressure of the hydrocarbon
starting material [MPa]); and 57 (ii) to recycle
10-95% by mass of the fracti%h D2 to the reaction
vessel and use it as the hydrocarbon starting
material. 6. A nmethod according to claimb5, wherein at

of heaskoaccpant paktihe bhaskiuge ©fi sheetydheddrbdhetarting
reacti on vessel and wused as a part of the hydrocarbon

mat&}86i1 B8 FBHELbAL. MPa AnEPENGRL %Ohgh&qsg%péd@'véioc1ty of

erein 15-90% by rmass of the actlon i's recycl ed

1'1é?a ?ahéeact&%p %)%gelﬁgi accordgﬁdﬂ¥ %#%? of said

erein the_f rnul n the ui_r enment .
2t RRPRIPRE016718 O ﬁetlﬁo&ag%e BERE o E%E&A’e offeaining
clainms 1-8, wherein the reaction vessel is _an
reagtiabali EtPFRegopainaast SHYVE8seANd PFOPX e oFeparating
according to any one of clains 1-8, wherein the
ther eagtt oont migenatudatios a5@das8Cn Cheopdatinang mesisung
of the hydrocarbon starting material is 0.05-0.3 MPa

hydabgehhanwehght-cbaubbyiss pEce -zekagbion atofhsl@rd al.frlktion D
A nmet hod according to any one of clains 1-4, wherein

con@a@ﬁihgoﬁaﬁﬁg f LaCt QB tBone WBE RS rdoRAE & o Imd¥fe carbon
he hydrocarbon starting matérial and is contacted

atom%thﬁéggEQEEEglnlng at%%%%%?r%%%k't% %QQEQ]QﬁPQh ?ntalnlng

con ["’éast = one nmenber ected

mai%?y %rﬁyﬁrgggibgh'g gfcar%on atoms and a fraction D;
containing mainly at leagt one hydrocarbon cf 4 or more carbon
atoms, and separating ethylene and/or propylene from the
fraction € and/or the fraction D;, said method meeting the
following requirements (i) and (ii):

(i) to satisfy AAROMA/P < 13

AAROMA = AROMAout - ARCMAin

{(AROMAin: percent by mass of aromatic
hydrocarbon component of 6-8 carbon atoms in the hydrocarbon
starting material at the inlet of the reaction vessel,

AROMAout: percent by mass of aromatic
hydrocarbon component of 6-8 carbon atoms in the reaction
mixture at the outlet of the reaction vessel,

P: partial pressure of the hydrocarbon

starting material [MPa]l); and




bel onging to Goup IIB, Goup IIIB and Goup VIII of
the periodic table and conpounds thereof at a
tenperature of 650C 58 or less in a gaseous phase to
obtain an aromatic hydrocarbon. 12. A nethod
according to claim 11, wherédh in the case of using a
part of the fraction B as a part of the hydrocarbon
starting material, the fraction Al containing mainly

hydrogerollandohyée%a@bqnwgﬁs by2 np@eb@F ahen® vaftitiion D, to
IS separated from the fraction Ais additionally used

thea§eﬁog§55 ok EQ? aRydygear pon SE@%tEQQf@@éyﬂdﬁ séE%tﬁ%g

accor |ng to any one of clainms 5-8, wherein
art.,of the fraction D2 is used as a part or all of
matgﬁéalhydrocarbon starting material and is contacted

wth a nediu pore dianeter ol,ite-containin
6. catal ysf @Gﬁgégnﬁﬁﬁogﬁlpga§9 ﬁé“%éle&%@&eﬂﬁb%Ftﬁ§aSt a

group consisting of netals bel ongin Goup I1B,

party efipthel BragdicnoGp iyl Fecytlede tpe%—h@d re 6105640@ Hgpsel and
conpounds thereof at a tenperature of 650C or less in

used agasepagtpbdséeheohydfracarbonasteetiiachydtesa=ion.
14. A nmethod according to claim13, wherein in the

7. case Ok wmstRBdaapabirdahgt e tladh o) Wlea®ia P& by
t he hydrocarbon starting material, the fraction Cis

mas@dgfttﬁgakkﬁcﬂigﬁ 85 8g PakicPEat Ps PHErPegLb9Bn vessel and

starting materi a

used as the hydrocarbon starting material.

8. A method according to claim 5, wherein the formula

in the requirement (i) is AAROMA/P < 10.

9. A method according to any one of claims 1-8, wherein
the reaction vessel is an adiabatic fixed bed reaction vesgsel.
10. A method according to any one of claims 1-8, wherein
the reaction temperature is 500-580°C, the partial pressure of
the hydrocarbon starting material is 0.05-0.3 MPa and the
weight hourly space velocity is 2-10 hr™

11. A method according to any one of claims 1-4, wherein
a part of the fraction B is used as a part or all of the
hydrocarbon starting material and is contacted with a medium
pore diameter zeolite-containing catalyst containing at least
one member gelected from the group consisting of metals
belonging to Group IIB, Group IIIB and Group VIII of the

periodic table and compounds therecof at a temperature of €50°C
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or less in a gaseous phase to obtain an aromatic hydrocarbon.
12. A method according to claim 11, wherein in the case
of using a part of the fraction B as a part of the hydrocarbon
starting material, the fraction A; containing mainly hydrogen
and hydrocarbons of 1-2 carbon atoms which is separated from
the fraction A is additionally used as a part of the
hydrocarbon starting material.

13. A method according to any one of claims 5-8, wherein
a part of the fraction D; is used as a part or all of the
hydrocarbon starting material and is contacted with a medium
pore diameter zeolite-containing catalyst containing at least
one selected from the group consisting of metals belonging to
Group IIB, Group IIIB and Group VIII of the periodic table and
compounds thereof at a temperature of 650°C or less in a
gaseous phase to obtain an aromatic hydrocarbon.

14. A method according to claim 13, wherein in the case
of using a part of the fraction D; as a part of the hydrocarbon
starting material, the fraction C is additionally used as a

part of the hydrocarbon starting material.



