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W2513 59/16 1 DESCRI PTION PROCESS FOR PRODUCI NG
ETHYLENE AND PROPYLENE TECHNI CAL FI ELD The present
invention relates to a nethod of catalytic conversion 59/16
of hydrocarbon starting materials. Mre particularly,

it relates to a nethod of 5. efficiently and stably

produci ng et hyl ene and propyl ene useful as petrol eum

chem stry starting mat gisalsiHem ol efinic

hydr ocarbon starting materials using specific

zeol i tespcreactbRNPLONUE toNSTANOESPERND i BROBACEN DN

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
cattdl Nt IGAIcanverisi on.  JP- A-49- 41322 di scl oses a

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

cycl opar af f iThe ([FRgsfRTHens)Y Ot B o oyt < drbon "t of
to an aromatic hydrocarbon, ethylene andtpro yl ene . 1
usarigt laft 1 (G5trotsot Do tly g ZEF EAEb 19 % lﬁ&ﬁéﬂ{?eﬁﬁ,ﬂa S-
according to this nethod, romati c hydrocarhons are

ot e - S et viet v '%‘?S 'Oelalal,ny%ﬁéorcgé%oyi el ds
(ﬁe§¥JBQégEi§”§% r§¥9ﬁf§“§f§&%cﬂﬁgmeé%ylene and propylene

useful as petroleum chemistry starting materials from

W2513

clefinic hydrocarbon starting materials using specific
zeclites, reaction conditions and specific reaction

processes.

BACKGROUND ART

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

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

low.
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JP- A-50- 49233 di scl oses a nethod of conversion of an
olefin or paraffin of 2-4 carbon atons to an aronatic
hydr ocar bon, ethyl ene and propyl ene wusing a proton
type ZSM5 zeolite. However, according 5 to this

nmet hod, the aromatic hydrocarbon is also obtained in
a relatively high yield, but yi el ds of ethylene and

propyl ene are | ow pat ent Nos. 4 7,001 and
4,613, 721 ‘%?é%ﬁ%%éH§§F%69§“b‘“%%% e9§§§ﬁkgf%%utene to

\ d..pr . i i
gf Jl}}rlr‘]} nop h%rg p at Geﬂ-o béa)\lg—:yeédl %pme)ti % ?uﬁr}garﬂsr} eovfe .2 HI—4|0 \Ac/eavr&? noatoms
viel.ds o V- o, yggng, in this
néfﬁngéﬁﬁg?ﬂgﬁéﬁﬁggtioﬁﬁ%%§9060 dié%ié?gﬁ%ﬁkﬁgﬁ%ﬁif of

convef sl gnforan leefidgvof A:h3 car bep,,at Qs o dRding
et hyl’'ene and propyl ene using an Htype ZSM5 zeolite

hay ity = rEdryd,r atio Sid/AL203 0l 350 L1 ki ghef, under
specific reaction conditions. WO 2000/ 010948 di scl oses
abtretined! dfn acamiersivan wofiam alieflid) ofutd~12 1emr kban
atons to 20 et hyl ene and propyl ene using a non-proton
toype 128 Bindz goldtye draviang dowol ar ratio Si 02/ Al 2O3 of
200- 5000 and containing a netal of Goup IB. In the
met hod of dorfverctEitieg tanicsl.efli, v 201, 04-112ndc dr, 16313 , A2ANs
to eghylene and propylene using a zeolite- 25

iGficn gedaralsy S, CoInemings oaf cabdut:eae8 teaehbw lanems
are obtained as reaction _products in addition to
LY IPETE Yaitd propyilend. *Thils leehpspaase PR st aptrrglar
e 2R 29940 2200TROSeAL LGNS 031 IS L2
also low in this method.

EPC Publication 0108060 discloses a methed of
conversicn of an olefin of 4-12 carbon atoms to
ethylene and propylene using an H type 7ZSM-5 zeolite
having a molar ratio Si0,/Al1,03 of 350 or higher under
specific reaction conditions.

WO 2000/010948 discloses a methed 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 SiC,./Al,0; of 200-5000 and
containing a metal of Group IRB.

In the method of converting an olefin of 4-12
carbon atoms to ethylene and propylene using a zeolite-
containing catalyst, olefins of about 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
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result in conversion to the conposition which is close
to the equilibriumconposition under the reaction
conditions. Therefore, in order to efficiently convert
the starting olefin to ethylene and propylene, it is 5
essential to efficiently recycle olefins of 4 or nore
carbon atons in the reactioh products to the reaction
vessel, by a_sinpl e method., EPC Publ. cation .0109060
SCT1 el A FBtHot OF =t eCyol TR Lo The: redet] o cLose

escrﬂbes a ne

V@§§9ﬂst f&i ﬂi (g m'é%%¥%é%”¢%aéfnéﬁg;fggégﬁﬁf by

renovi ng aromati ¢ nydrocar obons Fromthe reac

Qf&gijicéi%ns':.urn rrgquoq:’e,\/@n %Q%(yro%%g%%ﬂec %rri%ig/s Gnvert

met hod of Tecycling to ‘the Teaction vessel t

alref 118, af 3 ofly ¢ 1%%910%??&%1&@ %in'&eﬂaix%é{l%g%w 8]

fractions having a boiling point 15 dn ‘those

ofs sarramatll ¢ hydracardans, of§aarban riatons from the .
reaction products. However, these nethods require a

plamali tayt cafs sepatrat afes: Jtalbrotraidnicrg the neeeyaldinen
materials, which increases apparatus cost and
opersatli ny costimpllRusietacsi.npl er met hod has been 20
demanded. DI SCLOSURE OF | NVENTI ON An obj ect of the
present i nveéiit iForr ligsata onpOdviddeé Canleisaprioead ar eeytbidng £
process for attaining efficient and stable production
Gfe oty nen & candie2 3 spicdpypne e sy Llolbhel pilrnd inecpél Bng
materials from reaction products by a sinple process
97 & Ore R OF So PP Epr 5@ de Pig T 61RYH-8fe aaREABE6pYilyEre CREBRN S
hydrocarbon 4 starting material containing at |east
%ﬁ oﬁgﬁiﬁegFt&pn products. Furthermore, WO
2060/010948 describes a method of recycling to the
reaction vessel the olefins of 4-8 carbon atcms
obtained by removing fractions having a boiling point
higher than those of aromatic hydrocarbons of 8 carbon
atoms from the reaction products. However, these
metheds reguire a plurality of separators for obtaining
the recycling materials, which increases apparatus cost

and operating cost. Thus, a simpler method has been

demanded.

DISCLOSURE OQOF INVENTION

An cbject 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
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12 carbon atons using a catal yst containing a nmedi um
Pore dianmeter zeolite. The inventors have conducted
intensive 5 research in an attenpt to attain the above
object. As a result, it has been unexpectedly found
that in a nethod of obtainjng a reaction mxture
containing ethylene and propyl ene by contacting a

'B%Hf%ﬁﬂ (Hhté¥fgﬂidgh tﬁ?ﬁ&“afxﬁgéanég% 'h‘%f%lofcgu

4-12 carbon 10 atons wth a Speci

zeoldd-@scond@ind NG iGaRt al ysir nder - speci f4 2 medium
condi ti ons, even when the reactlon n1xture

%ﬁﬂﬁ{&hﬁﬁﬁﬂgﬂ)gggyﬁmgjon conpri si ng hydrogen and a
hydr ocar bons of 3 or |ess carbon atons and a

hydr ocar borrtef i4 e te reardb Qb REQTEd and 4he 15
hydr ocarbon of 4 or nore carbon atons is used, as it

|ﬁ§saﬁrahrﬁmﬁmhau;ammfﬁxabdﬂwmhaﬂkakﬂﬁﬁ%iﬁﬁ)Q@ﬁyy Rs
materials), a stable operation is possible mnthout
aﬁv%a&uétefﬁacﬁa@nhdﬁﬂenmmmqmaamedﬁytﬂmmmdat&byshm_amd
based on this finding, the present invention has been
2% tdccopl icstiedniTiae irsz atherpmeseéntr & myentiionng
relates to the follow ng production nmethods. (1) A

06 PP BECPNG cB8EhPIve Fe NdRE t ipitopy hemle omhirélen
I)Fggplrlses contacting a hydrocarbon 25 startln%

erital @6ﬁ@§ﬁﬁﬁn§°§§@%ﬁynﬁa§§ Or-Shofle 04f ZattZ easen
one ol efin of 4- rbon ons wWith a cataly

Eon alnlﬁg a ﬁ€3F6§950FSO&FgﬁeFQPtEé8PPHeCﬁ&@#ﬁﬁtaundef
gg;sefr%tEgngé?%{ﬁgzggﬁort?gns gggalggggge%ﬁleture s
epRenatur €105 400x,ction comprising hydrogen and a
nydrocarbons of 3 or less carbon atoms and a
hydrocarbon of 4 or more carbon atoms, and the
hydrocarbon of 4 or more carbon atoms is used, as it
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 inventicn has been
acccmplished.

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

(1) A method 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 atoms with a catalyst

containing a medium pore diameter zeolite having a

molar ratio Si0:;/A1-03 of 200-5000 in a reaction vessel
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600C, a partial pressure of the hydrocarbon 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 ethyleﬁé and propyl ene, separating

t t t f t

Ry Oy e e Hr oy bone b s e Bon Hr o~
10, f t

hydr(gccar boEg&Cé]faoln tﬁ&s%r)l}r% (r:gai;w%:o{rglw%oaéar eanzesr;;anettmr?g

athyd eng and mprzy'ﬁﬁ@aaf rom the, g t'h%Ay Ss?a %

met hod neeting the [l owm ng requitenments (i) and

(Fd)sciy dﬂ)FﬁﬂU§ﬁM7AAag%¥f}§ d3c 13
AROMAouUL - ROMAI n: percent by mass o(%

afd)ﬁ&iﬂ:ﬁorh%ﬂa@ﬁ&rcborbﬂ@m@%rﬂ 10fz 8- & rearhen at s 4in;
the hydrocarbon starting material at the inlet of the

reeacidrom tvesselth 2@ PARAWAGLLT i rRerC etz Y ofBgsS x@fire
aromati ¢ hydrocarbon conponent of 6-8 carbon atons in
tdrent arlgrictd @rthvibengr erat pre vdutrdegt sefoatrhe iheacticon
vessel, P: partial pressure of the hydrocarbon
sﬁeéfqm%ﬁigl mararirE rvRalp) f ramd 125 @ icprtte inéoycheinly
10-95% by mass of the fraction B to the reaction
éjsrég%h@%élyldtm&s?"tbl@@s mfdrlocarseRost atpmagand a
teri.al C)|O A met hod described in the above (1),
STt e F‘&étlF*oﬁgA“‘laénséfpa‘rtatl@&Stnpﬁeahﬁ/ﬂééﬁﬁéﬁom

of 4 or more carbon atoms, and separating ethylene and
propylene from the fraction A, said method meeting the
following reguirements (i) and (ii):
(1) to satisfy ARROMA/P < 13
AARCMA = AROMARout — 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,

AROMAoOUL: 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 ¢f the hydrocarbon
starting material [MPal): and

(i1) 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),
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cont ai ni ng mai nly hydrogen and a hydrocarbon of 1-2
carbon atons and a fraction A2 containing mainly

hydr ocarbons of 3 carbon atons, and at | east a part of
5 the fraction Al is recycled to the reaction vesse
and used as a part of the hydrocarbon starting
material. (3) A nethod defcribed in the above (D),

b f he f B | ed
ARSI LA D VR

e reaction vesseée | d d q
4
USRI L) TR o LOh A RLhag e b
regudemaitind idnd S %B@A%n AS g:?rrgé)l 6»3”55999 of

produci ng ethylene and 15 propy ene h conpri ses

coptractd i hydrocanken astalkti ngmateni-als.con %&Q'%Q
20% by mass or nmore of at |east one ol éfin of 4-

QDT RIAMR Wit Dsareayal ¥§t ¢ o CORL ai-8k BY;: 8n Bk gm pgﬁs
di aneter zeolite having a nolar ratio Si 2/ Al2Q3 of

206000 a maa tr edcthen hyessek r20nurdar-ttihe eerdi-tizons
of a reaction tenperature of 400- 600C, a partia
pressure of(3herhydrtbodr bescstiarti ng thet eccak afl),
0.01-0.5 MPa and a wei ght hourly space velocity of
PEQE tay 1D 196 tchrr pasat o4 cheallyeict icooBvéssirenycled to
reaction of said at |east one olefin of 4-12 25 carbon
dEmE cAherBby e668ai ARAgUacHeast Rorafitxpdr she
?%ptalnlngpethylene and propyl ene, separating the

C6 Phix EGPe “i-hfo™a fEaétr on C contai ning mainly

hyd b f b t d 7
(7act ton D\cbnt & RPRGCHRRAPS ~abeRedet BRehyHFodl bon

wherein the fecrmula in the requirement (i) is AARQOMA/P
< 10.

(5] A method 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 atoms with a catalyst
centaining a medium pore diameter zeolite having a
molar ratio Si0;/R1,03 of 200-5000 in a reaction vessel
under the conditions ¢f a reaction temperature 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, separating the
reaction mixture into a fraction C containing mainly

hydrogen and a hydrocarbon of 1-2 carbon atoms and a
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of 3 or nore carbon atons, separating the fraction D
into a fraction D1 containing nmainly hydrocarbons of 3
carbon atons and a fraction D2 containing nainly at 5
| east one hydrocarbon of 4 or nore carbon atons and
separating ethyl ene and/or_Properne fromthe fraction
C and/or the fraction D1, said nethod neetlng t he

f@%lﬁ%%g [geq%rl rement s ) and (ong St( z 3 srtolcsaf

of r i C dr carbon
kmgy SRS séﬁ 1ng k%?&%ﬁfb

conponent o carbon at’oms A b
5%&%5'1K¥J§gJi anhhg thS mggnﬁgehyﬁegggkggns of 3
vessel, 15 Al out pércent “by mas ar onat

n%gﬁﬁﬁﬁQQQﬁmp%HQp@ﬁQﬁzQﬂjﬁnﬁ[BaEQQGa§EQQE knithe o

reaction mxture at the outlet of the reaction vessel

Reaartdad mrassuneRf dihe hydieear RaRpos! akliiig and
material [MPa]); and 20 (ii) to recycle 10-95% by nass

ofegdrent frrcactdnon B eridye 1 eackiQreesseln and use ckton
as the hydrocarbon starting material. (6) A nethod

descrd Aved tihe tthecabove I(5) saidheeehndahebeasy ahpart
of the fraction D2 is recycled 25 to the reaction
Vieslselwiand nesed ragieatpar(tl)ofarthhe ihydr ocar bon starting
mat eri al . (7) A nmet hod described in the above (5),
wher ei n 15-90% sy spads “of MREMAYEcEi dd D2 is recycl ed

to 8 the reaction vessel and used as the hydrocarbon
ARROMA = AROMAout - AROMAin

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

AROMAcut: percent by mass of arcmatic
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

(11) to recycle 10-95% by mass of the
fracticon B 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 D, is recycled
to the reacticn vessel and used as a part of the
hydreccarbon starting material.

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

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



10

15

20

25

starting material. (8) A nethod described in any one
of the above (5), wherein the fornmula in the
requirenent (i) 5 is AAROMA/P < 10. (9) A nethod
described in any one of the above (1)-(8), wherein
the zeolite is selected fr the group consisting of
ZSM5 type zeolites. (10) met hod described in any

Oie;%@@io&%@?&é’fér@c)'&sgé ahenel n, aMk%c%eﬁ%dﬁe in

e zeolite- contal nl ng cat yst cont ns a net al

bggyngi@@ toc&oup 1B of the periodic table and
contai ns” substantially no protons. (11) A method

described ipganys one1fa thesc Apabove ) - .o mharei n
the reaction vessel is an adiabatic fixed bed

rgactd ont vessed re {rl2)nA meirhod: desarrid e dui amerane( iof
the above (1)-(8), wherein the reaction tenperature

| 5s SREROMBOC, < tle. partial pressure of the hydrocarbon
starting 20 material is 0.05-0.3 MPa and the wei ght
hourly spacé&) vel ositthed siesdfidua lin (EE3) oharetthadhe
described in any one of the above (1)-(4), wherein a
parevef (1 ‘Ef)r,ao»theme@ isaiseEplids aLSpmetle@rt@@l |IExgfn the
t he hydrocarbon starti material 25 and is contacted
VIE PR FRIER Lih ipor @ 1di Sert¥RSol3aed-l tesnt ai ni ng

cat al yst contalnlng at | east one nenber selected from

the group cordi stht Mf SPNMEEH T B8 brg r‘?@y 25 5G3u

{%E‘? Grﬁ@p EJnlpB nd Gouﬁg\oefwll lgLft[the rh:)z%lgfl
containing catalyst contains a metal belonging to Group
IB of the periodic table and contains substantially no
prctons.

(11) A methcd described in any one of the
above (1)-1(8), wherein the reazction vessel is an
adiabatic fixed bed reaction vessel.

(12) A method described in any one of the
above (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™* |

(13) A method described in any one of the
above (1}~1(4), wherein a part of the fracticn B is used
as a part or all of the hydrocarbon starting material
and i1s contacted with a medium pore diameter zeolite-
containing catalyst containing at least one member
selected from the group consisting of metals belonging

to Group IIB, Group IIIB and Group VITI of the periodic
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or less in a gaseous phase to obtain an aromatic

hydr ocarbon. (14) A nethod described in the above
(13), 5 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

f h f furth d
S e B bR e g e o B °A
e hod. descry %e% A ane of %}g%ma%%v ABL+(8)

wherein a part of act ion as a part
oy ldc Ot 4he hydrocarbon starting materi al and i's
contacted with a nmedium pore dianeter zeolite 15

Contalnlng(qqta|%§h®%®%@aﬁ%%%&1@%a|%%SEh%n%b%%|eQﬁ%q
fromthe group consisting of netals belonging to

IWrB,rGroup: khlBcand Group ¥yl b @fartth%fp%leo%@ctta%eg
and conpounds thereof at a tenperature of 650C or |ess

ias & gaseous phaseybeceht-aicn amaarenst netBydeocakhen.
20 (16) A nethod described in the above (15), wherein
ifratchie ccade ofntusingna paitlpfhyhecdeacihon Proasrivons
part of the hydrocarbon starting material, the
fofadtioraChics: addinsi whakhy issedpasaaeparttonf thhe
derocarbon starting material. 25 [Advantages of the
[FRg&HECeNP AScéidithgrt 5eHeapr adretrtontnbhhotvefothebon
present invention, propylene and ethyl ene can be
@F@Fcﬁ@ﬁtpﬁLﬁﬁ&aétably produced froman olefinic 10

hydrocarboql%Sargl gtﬂage&escrlbed in any one cof the

above (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 zeclite-
containing catalyst containing at least cne selected
from the group consisting of metals belonging to Group
ITB, Group IIIB and Group VIII of the periodic table
and ceompounds thereof at a temperature of 650°C or less
in a gaseous phase to cbtain an aromatic hydrocarbon.

(16) A methed described in the above (15),
wherein in the case of using a part of the fraction Ds
as a part of the hydrocarbon starting material, the
fraction C is additionally used as a part of the
hydrocarbon starting material.
[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
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BRI EF DESCRI PTI ON OF DRAWNGS [FIG 1] A flow sheet
showi ng one enbodi nent of construction of the system
used for producing 5 ethylene and propyl ene accordi ng
to the nethod of the present invention. [FIG 2] A

fl ow sheet showi ng anot her _ _enbodi ment of construction
of the system used for pr68u0|ng et hyl ene and
ngpylgn accordln 10 nmet hod of the present

i I/entior “CARRYI NG OUT THE | NVENTI ON
The present |nvent|on mnll be explained in detai
below. In the nmethod of the present invention, a 15

fg@ﬁ@@qugga 6N'5krﬁﬁ§%#ﬁ§ g contai ning 20% by mass

or nore east one In of 4-12 carbon atons

is used as pa[@t afting Meferddlef ofh QUGN LIV 608«
and propylene The term "hydrocarbon starting

et efd @ ridt i A0 dihe iy eseitend NN 101y BRI ng
starting material containing mainly at |east one

redrefliale seleatedfrom ddhegrioup teonsisStidthdf of the
hydr ocar bons of 1-12 carbon atons, such as nornal
parafdriinsinvesoparaf fi ns, ol efins, cycloparaffins
(napht henes) and cycl oparaffins having 25 side chain
al kyl groups.Id.n 2lhe method sdfeathehpmesentarioent i on,
the 11 hydrocarbon starting material contains at
|dstdigrat sHefqonsgfr W=tz re drih dricatsorpd- o U@ carfisunt  of

20% by nmass or. nore based on the mass of the
Qﬁn?Qﬁxﬁqqqufnd propylene according to the

method of the present invention.

BEST MODE FOR CARRYING QUT THE INVENTION

The present invention will be explained in
detail below.

In the method of the present invention, a
hydrocarbon starting material containing 20% by mass or
more cf 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 selected 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
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material. 5 The term"ol efin" includes cycloparaffins
in addition to the straight chain, branched chain and
cyclic olefins. If the content of the olefin in the
hydrocarbon starting material is | ess than 20% by
mass, 10 yields of ethylegf and propyl ene are

i nsufficient. In the nmet hod of the present invention,

t%yagag% carh startl naterlal contaln at | east
15 1&)%1 %?é %1 cont t 6f07e

in of R Ul

gl%zﬁrrfe‘@fy 4301’3’ mé 3 200 of efaep% ul ef &f %%l yb40%)ass

by mass or nore and nost 0% by nass of

Qﬁr%mmﬁy&kﬁﬁkﬁQﬁltkkh%m%%d %C%%%O%%%E%E%&%%p mmierial,

may contain a small anount of an oxXygen- contai ning
¢rraund such as tertiary butanol, nethyl tert-butyl
et her or nethanol as an inpurity. Moreover, 20 the

hydr ocar bomrrst atretrhrng*d%tqu"alln@)ﬁd@@ntc@/lcmo@aw&lflms in
anmount of a diene or an acetyl ene such as

retchyl:acetty ene, sprepadicendaibyt adiaeneecar cpeiahadhene.
Due to their high reactivity, dienes and acetyl enes
accelier atlefdeosi ti on of carbonaceous materials 25
(coking) on the surface of the catalyst. Therefore,
during t he Idomver sicomcrgaetti Ghecontifnnodsl yhet he
catalyst is deteriorated by the coking (deterioration
tdﬁoé-@%lbﬁ@) SLpésarei Ag trAiadt épi PaBI GRaNN2@at BYyERES,

gﬁEIVItér There |s no particular lLimtation in the
ﬁtl o3 “Henes cant“absCyvéfias FRet ABSHYAF6E&PBon 11

%art'%%ogat grial out her jhheeifhclent and,stable,
starting material contains at least one olefin cf 4-12
carbon atoms in an amcunt of preferably 30% by mass or
more, more preferably 40% by mass or more and most
preferably 50% by mass or mcre.

Furthermore, the hydrocarbon starting
material may contain a small amount of an oxygen-—
containing compound such as tertiary butancl, methyl
tert-butyl ether or methanol as an impurity. Moreover,
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
(coking) on the surface of the catalyst. Therefore,
during the conversion reaction continuously, the
catalyst 1s deteriorated by the coking (deterioration

with coking), resulting in deterioration in catalytic
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production of ethylene and propylene, the total 5
concentration of dienes and acetylenes in the
hydrocarbon starting material at the inlet of the
reaction vessel is preferably 2% by mass or |ess, nore
preferably 1.5% by mass or %ess and especially
preferably 1% by mass or | £6s. 10 As preferred

- of hy: carbon . st-arti.ng .materi al. usabl e
fﬁfﬁé’ Thgﬁ%Ft%%%%éﬁﬁﬁ“ﬁ%ﬁ%nﬁ%ﬁ%Q%WH%%%%%
Jlmde of-t l_Qwj ¥ r.oons. A
P?%ctionQ%héﬁgx%ggfgg%?%gﬁR r%%%&?é?%ﬁ &&gmﬂﬁgﬁﬂ%ﬁs

ohtalmed; by ddhermal gracking of eﬁtd'i%ln%u@nd stable

hydrocarbons such as naphtha, and fractions obtained
by pardd idn hydregenaticon Hof o@ﬁfén%s, it he 64 and
r

C5 fractions to olefins. (2) Afraction obtained by
sepafatimg iand o 2201 ierBYi:ng adeant] pksakh efcbut adi ene
and i sobutene from the above C4 fraction. (3) A
fivabtdaarbebt aitred iby sepatdkilngtantic renevi g anpart
or all of isoprene and cycl opentadiene fromthe above
C% Afatacti oress2l (4) pAeC4ribagt Pénbandbes gastkisbe more
fraction separated from products obtained by fluid
daedleyricd v dr-aék bigmeEECp rofl epet rokeesphydrdcar bons
such as reduced pressure distillated light oil. 13
CSFERTER L Gt PN TaKE/ 6F §&§6l-ine fraction separated

froma coker. (6) A CA fraction and/or gasoline
fraction s preferred examples c¢f 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.

(£) A fraction obtained by separating and
removing a part or all of butadiene and iscobutene from
the zbove C4 fracticn.

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

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

reduced pressure distillated light oil.
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separated from hydrocarbons synthesized from carbon 5
nmonoxi de and hydrogen by Fi scher-Tropsch reaction (FT
synthesis). These may be used each alone or in a

m xture of two or nore. According to the nethod of
the present 10 invention, %ge above hydrocarbon
starting material is contacted with a specific

zeolite- con(tS?i ni ngi@’caIiraaICyEs.ltov1 iarlllf{orregif(:tsjogr}fn\ée%}gqttéﬁ%&
ytic or Si reacti f

carry out a at§1 conversio

%gjaqlaa{gdw ﬂfom4-al%ok%%r bon atons contained in the
hydr ' 5

ocarbon starting material, thereby obtaining a

reaction moughura contalhling ethylene and ;pLopylene.,

and ethyl ene and propylene are sepa romthe
rRSIH ARG FRRET MR r SRS ls:y@léthté% imeihed of Lhecn
e

present invention, so- 20 ca "“medi um pore di aneter
ze0ld:tiele hawi ngd@ cpemne bydirareher -of 5u6+r5 rAals iusedras
the zeolite in the above zeolite-based catalyst. The
tsermibeweadi)um pore dianeter zeolite” nmeans "a zeolite,
the pore dianeter of which |lies between the 25 pore
di anet er offhsmel hagoke disaneterhzedbintesrsuehaasiAture
t%pe zeolites and the pore dianeter of |arge pore
$itarererrrzeglriet-es such as nordenite and X type and Y
type zeolites". The "nmedi um pore dianeter zeolites" 14
have a so- €&IFP&d110- fenbEredctRydenir thg rPrepESL

crystal, structure. Exanples of the nedi um pore. _
di: ﬁgﬁépnzea @tégove hydrocarbon starting material is

contacted with a specific zeolite-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 cf the present invention, so-
called “medium pore diameter zeclite” having a pore
diameter of 5-6.5 A is used as the zeolite in the zabove
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 zeclites such as A
type zeolites and the pore diameter of large pore
diameter zeolites such as mordenite and X type and Y

type zeollites”. The “medium pore diameter zeolites”
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i nclude ZSM5, ZSM 8, ZSM 11, ZSM 12, ZSM 21, ZSM 23,
5 ZSM 35, ZSM 38, etc. O these zeolites, preferred
are ZSMV5 type zeolites such as ZSM5, ZSMII| and
ZSM 8, and ZSM 38. Furthernore, there may be used
zeolites analogous to ZSM5 and ZSM 11 which are
disclosed in P. A Jacobstand J. A Martens, "Stud.
urf. Sci. tal,.",, 10 33, P.167-215 (1987, the
Rt ten ésr?d'sc)%.al “Aftortg THENCT 2SS S édpécidl fys crystal
Rref erred. Mreover, in the method of the present
i'nvention, as the above zeolites, there nmay be used
proton typ ohi.tes <o eql.i,t ai,ning,.a_netal .15
bel ongi ng ?gé %ﬁ% %é gpétﬁgdggiiﬁgg% PégpetgﬁdzeOll%es
Goptalfal ngrsubstaptisal byyne prekansg . Tagﬁ@ Wi 6By o4
contain a netal belonging to Goup B o tﬁe’perloélé
abl-gsand seonkai Brsubsbanthakly ;RE1PEALONS 1BFErrad are
particularly preferred. 20 Known nethods can be usea
Zor-ebt-giri rgolprekoButypaszeoMi-tesysmhat Lsd thRyscan
be prepared by a nethod of subjecting a zeolite
ebtiaized 38y  Eydrathepmal systbesks, bEolkewedcbyites
drying and calcination to ion exchanging in an
agaeoysusoltot L6H-6f aR8 ABYrilt wbidh hydrdthboosedachdp.
or the like; a nmethod of carrying out ion exchanging
fn dicafgesnd dol &ti Yarvensan " aamoni Bnréal Ecsuchaasl.”,
ammoni umnitrate, amonium chloride or the like to
Brepar é °dnZafmmAPlr t ype Asthgeernee) - f obmengdtbym,
%%ng.and calc%E?tion to convert the zeolite to a
{ontypEPeS bt Kol 8f €EaFfyi ng out ion exchangi ng

with a mlivalent mefal,cation. and ... o csent

invention, as the above zeolites, there may be used
proton type zeolites or zeolites containing a metal
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 protcns are
particularly preferred.

Known methods can be used for obtaining
proton type zeolites. That is, they can be prepared by
a method of subjecting a zeolite cbtained by
hydrothermal synthesis, followed by drying and
calcination to ion exchanging in an aguecus solution of
nitric acid, hydrochloric acid or the like; a method of
carrying out ion exchanging in an aquecus solution of
an ammonium salt such as ammonium nitrate, ammonium

chloride or the like tc prepare an ammonium type
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then calcining the zeolite; and the like. 5 The
zeolite containing a netal belonging to G oup IB of
the periodic table and containing substantially no
protons can be produced, for exanple, by the
foll owi ng nethods. The term "containing substantially
no 10 protons" in the pres%ﬁt i nvention neans that the

1. of. prot t of acid) in th it
Rt st O & pRSa b By RAUT RGP feat@pvert
tits ation et | ai bel ow i.s 0. 0 | !
et 1 Gram ol e SB6T L8 n 4 N Broker TRVERR

tthEHQBHgnéﬂT%Qﬁgﬁg%pgﬁlﬁ%%a%éygﬂﬂéﬁéf:g%ﬁ%%%,L%%d55

nore preferab nmol or ‘1'ess. e hase

Lo XChanGlingy fridd rale : (Lt raty en.Jrethad is a method
disclosed in I'ntrazeolite Chemstry, "ACS Synp.

Ser.", 218, R369-382 i(1983nt20 W3 A hetlquipal,@fiishe o
Chem cal Society of Japan, [3], .521-527 (1989,

ehuplie nEasueement cofi t herarDuRly @htpreters using
this nmethod can be carried out in the follow ng
reaxtrrerantA a26gl intoe pealteinredzinn bai kL ricsiuswhy, egbed ek@mpon ,
25 exchange treatnent using an aqueous NaC sol ution,
avd thehér ltlivey izgohiettéoids .r ecovered by filtrati on and
simultaneously a filtrate is obtained. The recovered
zeol i te i sThashedmwi chnpaiaingt eibsandtihélyvesol ting

16 wash liquid is recovered in total and m xed w th
PRE T C5ove If i-f'Er RE&SeThe 1RHSURE C8f MGROFOREEENthRe amouUnt

m.xed .solution is asur ed neutralization
Pﬁﬁpgpﬁgﬁsadamount g% acid) 9% the zeclite measured by

liguid phase ion exchanging/filtrate titration method
explained belcw is 0.02 mmol or less per 1 gram of the
zeolite. In the present inventicn, the amount of
protcns per 1 gram of the zeolite is more preferably
0.01 mmol or less.

The liquid 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
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this is referred to as the anount of protons in the 5
zeolite. It is known that amoni umion type zeolites
and rmultivalent netal cation type zeolites (for
exanple, rare earth nmetal cation type zeolites)
produce protons by heat treatnment. Therefore, it is
necessary 10 to subject thePzeolites to calcination

tre nt before the sur nent of anmpunt _of
p%%%ﬁ B HE dsve e ey OL&W of the e
fllvenilon zeollte ont%rnln

kiongl ng 6 Group qu Bt He © 118 per i b 61 %’tﬂ é“lxed
nalnaf ter defenred 10 a3, r%fﬁ%r’tlon”%&%gy%ﬁg?gafl 4

east one msta sel romt grou

O@Chl%oﬂpﬁ e@ﬂf@%{ *’Qp%sgctlh% 'm%ulf%e% an%% QHOL%@! IB

netal, copper and silver are pre erre silver
@§Qgg&§Lly preferred. 20 The "periodic table" in the
present invention is the periodic table described in

CRC Handboak aofs iGhem st anthoRNYsi GSn b editijgns
[(David R Lide, et al, published from Press Inc.

(E9P 4 1995))1 crpages: a 11 <bE.1 25 tThe teemiteent @iori ng
Goup IB netal"™ neans containing a Goup IB netal in
tehrenstiat, e refra ke rtdomreespgonditigne atyipen zcHaweeer , ctheluce
Goup IB netal may be contained in the zeolite in the
Strattenst er Deldn trratrisatt -of Taecatfioor, i ntaddi nkorstary
being present in the state of cation. For exanple, it
TRy SbeIEEMt ainfed Siod 1 tee Lot aBd céhaahopxideatment before

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

In the method of the present invention, a
zeollite 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 IR 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
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As exanples of the nethod for containing the 5 Goup

IB netal in the zeolite, nention nmay be made of, for

exanple, a nmethod of treating the zeolite by a known

met hod such as an ion exchangi ng nmet hod, an

I mpregnating nethod or kneﬁzlng met hod, but preferably
by the ion exchangi ng neth 10 When a Group | B netal

i,S. [ t [t th h

Soa i Hhe ot i, FERICES B S AP h R S S e
rgectaaée Fxamlies, of dhe exsafi’t{p fith g%%o %t%%ae'd in
include silver nitrate, Ivér ace

s atre,- Lopper, Ghliord de, copper 15 sulfate copper
nitrate and gold chloride. There is no severe

l'imtationadsn dhfaesaent ent cref lheE aup 1B melalin byt e
the content is preferably 0.01-5% by nass, nore

prefer ald wned.s02-13%:ye ﬁ@%&lﬁ@§GQ@nQﬁchh%ﬁga%% efacdkhe s,
zeolite. If the content of the 20 Goup IB netal is
Ifess etdaaup1@., 0 b%ry haeis 8,f cataltyhigC « hac tziswiltiy cofht he
zeolite-containing catalyst is insufficient, and even
ihawn irs thddeduich as amouoh e&chmn@dn@ha@t5%ﬁbyamass,
the performance of the zeolite- containing catalyst is
&§W§E@Waﬁéﬂg|W@ﬁ@@édOrTH@ezﬁlﬁgnmeﬁﬁOdﬂ Guoup reBemetoaly
in the zeolite can be determ ned by known nethods
Sych §slﬂnrﬁ%cﬁﬁﬁéﬁ@§c@ﬁﬁhoénalyS|s In the nmethod of

t he present |nvent|on it is 18 essential that the

mol ar rati &0 BFS68 &f TREAJedFi CENtRENEF0 18r ThET e

and .5, 00 | ess tio S|02/A1203 IS
IeOlltﬁag 2686 ﬁﬁe ?egFapglggnngﬁPﬁg 15 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 ccntent
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 cf the zeolite. If the content of the
Group IB metal is less than 0.01% by mass, catalytic
activity of the zeolite-containing catalyst is
insufficient, and even if it is added in an amount of
more than 5% by mass, the performance of the zeclite-
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 1is
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catalyst is apt to be deteriorated owing to coking 5
caused by the conversion reaction. If the nolar ratio
Si 02/ A1203 exceeds 5000, the catalytic activity of the
zeolite-containing catalyst is insufficient. The nol ar
rati o Si 02/ A1203 of the zeglite is preferably 220 or
nore and 4,000 or |ess, noré preferably 250 or nore

. | ef er.ably 500 d
P e HRE e o L A S g e
28094 RS, A0 o MEd DY, A knon T G et i

exanpl e conplet€ly dissolving Zeolite

%@%9?{%@%'&@ iles%()lt%gnork(ﬁﬂd t@féalzye%jlrlg: t—rg:%nrt%%%itnigng

solution by plasm em Ssi on spectrochem c

analayisjss ors the lHkee IRdhe Jmeihed of; A & Present,

invention, it is also possible to use

et d DWW AHROSHdnveatsd Jrn Aiceh ora pard of aloumi-nym: ;
atons constituting the zeolite skeleton are replaced

wWith/ret@l s:xsuehisas oG, kewe Bzand 20 Oxc@fiv@ty of the
metallosilicate in which all of the alum num at ons

cengtiitteutciong atihg rze alaitiad yekteliet dmsarfe irephaced Thei B lar
the netals nentioned above. In this case, the content
ofz ttilde Salbov a1 fiat alfs tihe tzhe lietalilsogirefiemasilli ¢ate car
nmetallosilicate is converted 25 into the nol nunber
P rA1209 4ndChed thesmorarer atried ergib02/ AB208ri gore and
al cul ated. Furthernore, it is preferred that the
%e&oiot 8T d@drri BRAM Yredfrardy afdl easmosmeandt gF 000 or
el ected from 19 aIkaIi_netaLs and al kaline earth
metal's, ‘Ror B l8ref&Fahl yi5e/ feddt oné RefsP $EFeEREdPE
el alkali p et ahsunl HELARY, Preterably, 8t Lgast one
netal selected
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
alsoc possible to use a metallocaluminosilicate in which
a part of aluminum atoms constituting the zeolite
skeleton are replaced with metals such as Ca, 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. 1In this case, the
content of the above metals in the
metalloalumincsilicate or metallosilicate is converted
into the mol number of Al:0: and then the molar ratio
Si0,/A1;05 is calculated.

Furthermcre, 1t is preferred that the zeolite

additionally contains at least one metal selected freom
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fromthe group consisting of sodium and potassium In
5 this case, the zeolite contains both the Goup TB
netal and at |east one netal selected from al kal
metals and alkaline earth netals. As exanples of the
nmet hod for containing at ast one netal selected
fron1a|ka|i netals and 10 afFkaline earth netals in the
ten e nade f sane net hods as
t é or |ncorpora l% qghp %@rﬁﬁé??%wthe

Q%%féf#bﬂyeﬁP%méggréﬁaﬁiT%ﬁ@%&aQ?%h 1?&P§%f%éf¥

fromal kali metals a I ne ea s varies

1% depending n- tﬂ’lﬁ%ﬂ@ﬂﬁ)l%f d:he netial §,c Qt% lb%relected

exanpl €, in the case of sodium it is prefera
G @k Q1A upTRE S, a88d O A he, dT8SS Bfd ¢ azs%qldr&.e In

and in the case of potassium it is pre erably

G0k 8%, by Hess:dased con dihe M ahd ke ZLOIIH @etal
It is preferred that at 20 | east one netal selected

faramaal Kalds tmetral sicand. sallkaltisne feant hinetial setSi1s and
contained in the state of the corresponding cation.
|2 Mgrlepar iesg tsucletzéol.ite, there are no particul ar
l[imtations in the order and the nunber of 25 tines
of the net Agd eFrEdmsaicti g catieltéast fome costtalining at
selected fromalkali nmetals and al kaline earth nmetal s
i41F e o?@oW?F@é & SR e e t9dd 2df<adontraitailisg e G oup
For exanple, .the Goup_I B netal may be 20
@E[ﬁigg TRED S HPhECSEdE 8 &Pﬁe.zegt |t§asfneaﬁé0ﬁ>efn§w be
I rom_al kal i tals d al allne earth netal s
%%’contaF%edsame Wethn% |€§ % OFf I855€n88§pﬁéﬁﬁﬁng 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 zeclite and in the case
of potassium, it is preferably 0.01-0.8% by mass based
on the mass of the zeolite. Tt 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 nc
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

1B metal. Fecr example, the Group IB metal may be



10

15

20

selected fromalkali netals and al kaline earth netals
5 may be contained in the zeolite after the Goup IB
netal is contained. In either case, however, it is
preferred that the zeolite, in which the netals have
been contai ned, contains supbstantially no protons as
menti oned above. 10 |If nec %sary, at | east one netal

S ! fromthe group cansisting of netals

b%ng%]i gegd & &u pzse%ﬁll%be, PR 7, NGB A EEE 1,
sugh. as. V, ! 1 Pl PdyEe,. N, Znoand  Gg,
may be fuf%é%ﬁ %ﬁﬁ%ﬁﬁ#&ﬁ?g%snaPﬁEQQé&ﬁiﬁﬂg.éﬁﬁngﬁﬁ%g s

cat alyrstz iV PUr ReSes <0f ;15 inhihi tion of. . m%;al
deterioration due to coking and inprovenment of the

Vgl oy ethyl ene-and propyl ene. ~The 1methed fer metals

containing these netals is the sane as the net

et anicdgtEhe @ aup thB retalice exeept t%@at;rbkl? kiznd
of the netals used is different. 20 The content of

rhese et alositizs npref erabky tBel- 2asby noRssekased ¢a
the mass of the zeolite. Furthernore, for the purpose
ofr cffwrrtriser thienmproevenentliok, r esi shantbethe detealisonhat/Eon
due to coking, the zeolite-containing catalyst can be
hegn Zoripdaced avraatesperhttretohl3906coprnbpesi As
the presence of water vapor before contacting with
fRe - 1R EFoeaFE6R starting material. The above heat
treatment is greferably carried out under the 21
condi ti ons 1of "E-FERPEYat BF el BFS500CCoPSHBEeSERECHBAC

r le and a parti al ressure of _water vapor of 0.01
g ﬁpoiﬁﬁogéouppconSLStEng o metals belonggng to Groups

ITb, IIT, Vb, VIb, VIIb and VIII, such as V, Cr, Mo, W,
Mn, Pt, Pd, Fe, Ni, Zn 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 propylerne.

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 zeclite-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 zbove heat

treatment is preferably carried cut under the
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When the zeolite-containing catal yst 5 containing
Goup IB netal and containing substantially no proton
is subjected to the above heat treatnent, the heat
treatnment can al so be carried out before the Goup TB
metal is contained in the §eolrte IS nore
preferred to carry out the heat treatnent after the

tm Sé¥££%J@) @azeM|te T@é@o -

ase ere e 4 SRS EE St g © cats ysttS &

GOy %rrﬁi QN J.6aGt 10 grfe%rs uafe' Qg Rer %%DO@{{ LAy oo

et erioration due to c occur. case,

t:-he, cat alyst. suffering fronrthe coki ng 15
deterioration can be regenerated by burning and

removi ng t he 60ke on dhe reatalhyst rat, A L.gnnelat ure of
400- 700C usually in air or a mxed gas conprising

exygen rand; @rdupent gasall BnbhicensReei:HqC ehtbee,an%tieﬁ 1%
treatnment is called "regeneration treatnent”

Bec ause onatier suager ties! mbod@ee@bbﬁeth@atVQQ%@Qh@thnthe
treatnent, the above heat treatnent in the presence
ofeatattercaraport can béscabei edratutdubiilti biefgret RBe Group
produced water vapor. That is, by repeating the

&g &reedt iton congatiment iof thke zzedliitke- cant aisninnge25
catalyst suffering fromthe coking deterioration

CAGSET TPy tLPorgrEET RiilisEhpnheahv rsesmensastitens thehe
sane effect as that of the heat treatnent can be
SCC&Pned. mﬁu@rhéﬁnﬁPQtaﬁﬂeﬁeéés§§?y?epﬁét2eol|te used
22 in the resent |n entlngcan be used as a catal yst

after subj &8t 8d“FtSt 8 E4Fci-AGt F6R-~FR~CRPS2EALBY t he
QL%ﬁ§§E|9g E%gge QEU Snv%rg alk acggogogor a long

period of time, detericration 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
cxygen and an inert gas. In 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 detericration caused
by long-term use in conversion reactions, the same
effect as that of the heat treatment can be attained.

Furthermore, if recessary, the zeolite used



10

15

20

25

In using the zeolite-containing catalyst, it 5 is
preferred to make the zeolite-containing catalyst
into a nol ded body to provide particles of proper
shapes. In this case, only the zeolite is nolded and
the resulting nol ded body can be used as the zeolite-
containing catal yst. Howevetr, ordinarily, the zeolite
i,s mxed wi.th a porous refractory inorganic . oxide
%gbﬁﬁmé T ST TCA, G FealREieia s SPFEONT
[ I a,...-di at eqQus rt.h,_.Qr. clay _as, a_binder or
ﬁgﬁ’|n%u%ﬁ%é}§§n§§ﬁ$%fgﬁfdgﬁnggéul#PnéhﬁﬁxFﬁﬁg’ighe

elhded and, &%%l%%%%hggnqsp%gﬁgq&%g%ﬁoL%oﬁgﬁd.as the

zeolite 15 containing catal yst. n thé mtrix or

bi nder is uysed,s; 0 tth £ r I :
10- 90% by nasgflhgfgh%p?%?gﬁg%lSng?égéﬁgygégégggééeét

ar flegtraly MmsHmatk -hbe zeglkirte andatRenABRELEX 106t
bi nder. 20 According to the nethod of the present

iimvent anldeyl BSicRY rbherzeakit gagentakni Bg pabakyst
menti oned above, in spite of using a hydrocarbon
sthartisng mat ehiial ceert abniipgtan ekefiinei hsambighd anda
concentration of 20% by mass or nore, coking 25
dércerieoradtiiog obltthd kedli tencbnat asailngscahal ysblite-
hardly occurs as conpared with conventional nethods.
TReréfaried cetpdyRét nEeessary todinegleént| yheepealite
the .regeneration operation. As a result, it becomes
28 mﬁé@%iwﬁéhté 8PaBly aRdrerfrerentPydprbdueside such

et hyl ene _and .propyl ene . over a |l ong period of tinme. In
Eie “HE{HEA - of L hE pr SSOALST AVBRLTBn, Chtconia, titania,

diatomaceous earth, or clay as a binder cor molding
diluent (matrix), the resulting mixture is molded and
the resulting molded body is used as the zeolite-
contalining 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 zecolite and the matrix or binder.

According to the method of the present
invention, by using the zeclite-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 zeclite-containing catalyst hardly
occurs as compared with conventional methods.
Therefore, it 1s not necessary toc frequently repeat the

regeneration operaticn. As a result, it becomes
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catal ytic conversion reaction of at |east one olefin
of 5 4-12 carbon atons is carried out in a reaction
vessel by contacting the olefin with the above
zeolite- containing catalyst. It is preferred to carry
out the catalytic convers%gn reaction of the olefin
of 4-12 carbon atons undef-the follomﬁng condi tions

c%§1l£fee é‘oo g&fg]bgnorfd 4ef1t21fgflerﬂ egy f‘ﬁoro CyEf e%tg"yah%qe and

starting hydroca i s convert

) Ffi
opyl eng. alya- hi glrbncft Ie%;ltg%g Y A paraffin

coeX|st|ng in the st on does not

substanti ald,y fieacto+pihatod Sond eact,
tenperature i s pr efeer abl yO 4800 6gjer€5rm)r el rlptrle &r abl y

H0-580G. - Thapardial Rrpsswe Hf aIﬂWQLeahsycdr&f@r&Cgfln of

starting material is desirably lower, and 1s usually

010112 O S PR, 2 tiref ercabloy 10.06-0,3 iWPa: Ene- 8l Ghtssel
hourly space velocity WHSV of the hydrocarbon

stardamoatatres itdle wWitdt iresgedt the the weigh iofe-t he 20
zeolite in the zeolite-containing catalyst is
prafteriablng LatGl viet-.1, Inorie prefferakldy 2 1Oy bhutThee
contact tinme of the hydrocarbon starting material wth
tdve- Zledlia exceomiai g eeattdloysto fi & her eflertdlbl p54-12
seconds or less, nore preferably 1 second or |ess. 25
FURTeT mSrls (e ey dhec arBdRvsnar omg! i tiwner iale rvayE Hise
ure with a diluent gas. As the diluent gas,
Qﬁﬁﬁéqnﬁf Be 1¢s 6@ &R REFMSgas Sheh S&S T thydr bgen ccarbon

net hane, water va%%r or nitro ut 24 dllutlon

Wit Cq¥ﬂ?rted to_ e gﬂgpgbﬁ§dngfogg PPgdaEUP highat is,

rogen 'S
e Caralyst ‘Bie c-doRIng  Fonevap, 17 HAE! FLAHINS
hydrocarbon deces 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 velccity WHSV of the hydrocarbon
starting material with respect to the weight of the
zeolite in the zeclite-containing catalyst is
preferably 1-100 hr™?, 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

hydrocgen, methane, water vapor or nitrogen, but
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si mul t aneously, a hydrogenation reaction of the 5
produced propylene or the |ike takes place, resulting
in the adverse effect of reduction in propylene purity
(propyl ene/ (propyl ene + propane)). in the nethod of
the present invention, cokjng deterioration of the
catal yst is slight even w hout carrying out dilution

10 wiit-h, _hydrg QEQ st.abl eration can _be. |
perﬂo%l%%.ﬁgﬁﬁ&d t _e:ndﬁ%gtpleroen Wi %hlyh);l r oé:?ﬁ:rilfa out.
pirl"%fteri%b,l Yly%qlczge(flari@ %qse%Utfor( e‘"n q%lilti%go%@te of .
hydr ogen suppli'ed to the reaction vessel by recycling

Qfe t&a-i JaGlon ¢ Ment iqned Jher eipafiter. ., or theylike, .
does not affect 15 adversel’'y as in the above-nentioned

hyidrogemefors 1di lautienoyhen dhhe cerversi-entpgaction
is carried out under the conditions where paraffin

doesiuneld rsubstiant ald yheeactke kR GORVEES), OREaAEE hgn
of olefin 20 in the hydrocarbon starting material is
sel ¢ctel velvy rsacedlferat ed, raddcthenconverspghehoagt:rony
of paraffin is suppressed. As a result, production of
netieayd enedt(pameylprepanerocebes ) by the cbaveeshod of
reaction of paraffin as by-products is inhibited, and
sepaParicen 25 naRatpan: f cedtingndeteet hykenenand the
propyl ene fromthe reaction mxture can be easily
ﬁéFﬁgﬁﬁéd}sTﬁélﬂéécﬁWéﬁ vésbertuepriryengi autheidet hod

resent inventjon for contacting the

2gflartrhg

%3&#‘253{?%88625 *8faPtPAgenAPeFFaF °W FAVtRe Performed.
s The R heaCty Bt R ¥itiraPohe befitrypb ahd bac
%EE?@QHC@EEYingAtgﬁgilTQﬁount 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 ocut
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 reaction vessel utilized in the method of

the present invention for contacting the hydrocarbon
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zeolite-containing catal yst used in the nethod of the
5 present invention is hardly deteriorated by coking.
Therefore, even when the fixed bed type reaction
vessel is used, ethylene and propyl ene can be stably
produced over a |ong perlod of time. Furthernore, the
conversion reaction of 107 %araffln is a highly

qgo t.herm_c Jreaction, conversi,on reaction

ﬁlﬂ%ﬂ- é%ﬂéﬁﬁwt&%&ﬁéﬁﬁeCW%&%P&$6@%HW*

r r n, though it depends the reaction
%éidﬁgﬁg%l here gr% bgﬁe’hgooﬁgﬁlﬁe%

d t A selectLveI
s Tk B are et gfaff.fﬁfl&geﬁy‘ﬁ&- The
%HQ%E%%L%@&ﬁ%anQ%tcag% g%tn%%eﬁegﬁs%%%ym%%hgép%%ythe
heat of reaction h IS al'so possibleto

@yegentoaevenegenaqbane&eqyfeée@réegakgeebpeeskhﬁ
vessel having a sinple structure Et hylene an

prepylrene  acesepacat edef Fomethgeqr e Wﬁ@%l PR=PEXLUN Qessel

containing et hyl ene and propyl ene Ich is obtai ned

ds abeve. eSpgtihiecahbyprbbelbhestanphecessbeoMpibaesead

preferably separating the reaction mxture into a

fovaet irod cAgconrtrabni ng mamely hydrogen 25 and

hydr ocar bons of 1-3 carbon atons and a fraction B

cont ai ni ngFraitheymarel eist onavhydiovarbentobndoér

nmore carbon atons, and separating ethylene and

Bﬁéﬁ?ﬁéﬁelsfﬁoﬁ%ﬁheyfPQ@PFgﬁrm@CTﬁea§eeend photesshe
nerlses 26 preferably separating the reaction
QtﬁFélPﬁtSQQCtFPBCPFoﬁlﬁf&BnﬂélnlﬁblﬁﬁFnyyeﬁ9@FB@éﬁlc

a g drocarbons carbon.atops and a fracti
8n€§¥n|n8 nai'n oggermlc reacglon though 1t depen s on
the reaction condltlons. Therefore, when the olefin in

the hydrocarben starting 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
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at | east one hydrocarbon of 3 or nore carbon atons, 5
separating the fraction Dinto a fraction D1
containing mainly a hydrocarbon of 3 carbon atons and
a fraction D2 containing mainly at |east one

hydr ocar bon of 4 or nore % rbon atons, and separating
ethylene and propylene fr the fraction C and the

6 separat | steps _.can he carrled
y co SQBE% &gﬁioug kﬁgﬁhlﬁFbcessgg sd&HrCad

ffﬁ“gﬂfﬁﬁmc Qk§&%;n @Bl%ﬁﬂ’%ﬁ%p% éno%hdA%deocaerﬁE

af orenent i oned In the reac ure Ins O

QH’mp@?cﬁ@&QQPa%%gﬂsan%r%”%E%%t%%nhfg % %EQQE%Q %Egnly

are present in addition to ethylene propyl ene.

Ehenefere ortcheefeative, %@'b'%@t%%QeoEar%Q% atoms,
hydrocarbon starting material can be attained by

USidg A i$Qr call edakegyel ibnd nieact ireR cﬂ%heifﬁ;[ wad &’@amlng
conprises separating all or a part of the olefins of 4

2G: iorl yner & ycavhenbathons fir etrbhe eeaeki aadnbXtukesion D,
recycling themto the reaction vessel and again
readtaiimg niphemninlly the leethodnef htyheopnesent ocifnventi nore
at least a part of the above fraction B or D2 is
Egyeied tops, t entheepeaetiion vebyéknandnidspuspdlasea
part of the hydrocarbon starting material. That is,
itee tRe CTREEAPTOR BNOr The FsaGtiPnz8d; aBh4%cis, as

a recycling material_ w thout carrying out

pEFefEcatPoR FePRe C2Y b§|ﬁﬁkeéﬁdr€€ cPVn@OBPéEé§§ can

be canstruct ed

YAventTon oA pSPSSPSES EPF chnFF9C6EPH?ﬁ BthlFenation
ang peepyleng,from

As aforementiocned, in the reaction mixture,
olefins of 4 or more carbon atoms, aromatic
hydrocarbons, etc. are present in additicn to ethylene
and propylene. Therefore, the effective utilization of
the hydrocarbon starting material can be attained by
using a so-called recycling reacticn system which
comprises separating all or a part of the clefins 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
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t he above-nentioned recycling process, it is preferred
5 that AAROVA/P S 13 is satisfied, and it is nore
preferred that AAROMAW P < 10 is satisfied. Here,
AAROVA = AROMAout - AROVAI n. AROMAout indicates the
percent by mass of aromati ¢ hydrocarbon conponent of
6 8 carbon atons in the H%Hrocarbon stating materi al

t f th t I ROVAouUt
5%)a§£§ f%é%%egl %w%ﬁ§%%g§§%2 VngﬁgFrg %ﬁ roca?gon
conponent qf, 6,8 %%%%% AOoN®, r%@%n%e%%E%%@ ghgtgre

at the outlet of e reacti on vessel P neans

I f t i
i&%rd{éwrgéc]opre%ff%léﬁ%n:%%yta%%thgr %%ﬂg%gggfg g F%ﬁg%% &l

&m%ﬁﬁbd%e—ﬁb@&g%&%go&e%?@@@ﬁ%nbr%EeQ58 garbgn %%9g§red
produced in the reaction vessel. Therefore, ?he above

fromulhareshows <t hat ssnserderita, ekhilici ent kymgbtain
et hyl ene and 20 propylene, it is desirable to inhibit

ire fproedcttihan oRROMAE PakomMat e Bydiscachon gemppnent
of 6-8 carbon atons as nuch as possi ble. Under the
Aé&EMiPorr éBANIRbuONs ARBERent haRalavetf ondubaties the
AAROWW P > 13, nanely, aromatic hydrocarbons are
PEAGFENY BWo@ééédofréagmﬁt@ﬁ pRgdofceabahytbupacenvi by 6-
is apt to be caused by coking. Furthernore, due to
@héaFﬁePe§§§méflﬂhéhﬁrBﬁﬁFP@afhyﬂrééan@ﬁ wohpoheht abf
Ebgn at ons Eroduced in the reaction vessel, the

yPSl&E 8thyEnE=anl 9B VHFepy eed deRPEASEE and

nmrgaver %E Broggr% ns_of tg aronmtic ¥droc bon
conponen 8 car ya?%ﬁﬁ nd" S Ay UF 0B BBR L
EBHBBH@HE 8% %~§rcgyﬁgncg£gﬁg ﬁogﬁe reaction mixture
at the outlet of the reaction vessel. P means the
partial pressure of the hydrocarbon starting material
[MPa].

AAROMA is a yield [% by mass] of the arcomatic
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 procduction 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,
arcmatic hydrecarbons are readily produced, reduction
of catalytic activity is apt to be caused by coking.
Furthermore, due to the increase of the aromatic

hydrocarbon compeonent of 6-8 carbon atoms produced in

the reaction vessel, the yields of ethylene and
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in the recycling material increase. As a result, there
5 occur problens of accunulation in the reaction
system and accel eration of coking. The nmethod for
controlling the production of the aromatic
hydr ocar bon conponent of 6-8 carbon atons in the
present invention is not 3% ted, and a nethod 10 of
r cisng the conversion of olefin in the hydracarbo
ﬁergogﬁ lnﬁglema Srical" S’ SGEn&IPAINYY Sérplto\ed Or%rréc,l YHe ©
qﬁﬂy S : [ n | efi onRver.sion an
t he %%agﬁgﬁglﬁﬂﬁﬁg%%¢%¥h2§%1?@%nbycﬁhgp oFF%%%ﬁbatoms
f-0rmy .y, Qe 1, conversion (%: 5 g&c%gggn%%§gh%na%%ms
15 ol efi'n of 4 or norg carbon atons in hydrocarhbon
StardHeNG dRLANIHY Bk ket ;o Laaetionvesselyie, there
concentration of° butene in hydrocarbon conponent "at
adat lpeast icon avessehhiGoncent rati on ek jehekin ek
4 or nore carbon atoms in hydrocarbon starting
rRtce rHcale 12Q-aati dnnloet cefcingaction vessel } x 100. The
conversion of olefin is preferably 40-75% by nass.
The neans fide meduodngothecakebilhieanveesenduicsiahsoef
not limted, and includes, for exanple, 25 increasing
tthe weicghtt Lkotyidy cspabenvebopiptignof of hé-8hydrboar bonms
starting material; lowering the reaction tenperature;
ilfc Fé&s PG SERe rplVantiani 6SSnoR/ AlpdBedi anddrumepbed
di aneter zeolite in medium pore_dianeter 29
PeolPEECEOAt &R RETESTaEY8t OTaRde bt Her "B RoR¥drocarbon
Ngregger, in ghagging t he ziglite, it is further
préferfdd 6 ase a’7e8F'FE° Lokt BFRTAY°E - netigF e, the
%%E%%%E@%n of clefin means the oclefin conversion on the
basis of butene represented by the following formula.
Qlefin conversion (%) = {{concentration of
olefin of 4 or more carbon atoms in hydrocarben
starting material at inlet of reaction vessel -
concentration of butene in hydrecarbon component at
outlet of reaction vessel) /concentration of olefin of 4
or more carpon atoms in hydrocarbon starting material
at inlet of reaction vessel} x 100.
The conversion of olefin is preferably 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,/Al,0; of

medium pore diameter zeclite in medium pore diameter
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to Goup IB of the periodic table nentioned before and
5 contai ning substantially no proton. This is because

the zeolite inhibits production of the aromatic

hydr ocar bon of 6-8 carbon atons nore effectively than

the conventional H type zeglite to make it possible to
further increase the ol efih”?conversion, and hence

there .10 is .obtained the effect o increa i el ds of
é%ﬂ%k@%%c%ﬂﬁfﬁﬁ%%%f@ﬂ@&ﬁ%f%tﬁ?#ﬁﬁ?ﬁﬁn3F§§ﬁysbresent
Iy ' , r [ rati,q.of t.he.fraction B or
Déy]fé;g‘}pe%gf elrrggihya n%%tysl% g&%byzaer?alg st,e "ol Ee 15’ r eFera 5ty

- 900 fot : Ii. ti i I .
%;@%f%@sg%s s eel g 5%’ 115 S WALL00 LA felkal €8 oag&@]u

s of yl'ene "and propylene are-

ot Wi cigentr e the: J8ey¢ling ratiQq s mre than, 4

95% by nmass, accunulation of the paraffin conponent

oMl ingehd e sstraltiing nhydeear boryql the aremmti ¢
hydr ocar bon conmponent of 6 20 8 carbon atons produced
ithet heaidaet iiomivessel rheotesn ¢INIPieCUedmatq o
excessively increase | oad on the reaction apparatus.
Ihry drives améstcimo @b fofo -8h e apibese att: chiav entricor,f fehe i vpercentin
by mass of the hydrocarbon conponent of 9 or 25 nore
dareb srerateoris cing 1t He tivpac zieod iBeot oDRakks prebesalbby e20%
by mass or less, nore preferably 15% by mass or |ess.
'ﬁ%ﬁ§ﬁ@§ BECAGSE cetthyl ene fand cpnupykséna, candohence there
efficiently be obtai ned under the conditions where the
36 PErdERE By enissc6F tRe lhydr6esr boR1EsNBENEREYHENS

noreygarbon at ons exceeds 20% by mass. The net hod

or
5% W& O5¥eSEft invention will be

In the method of the present invention, the
recycling ratio of the fraction B or D; is preferably
10-25% 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, accumulatiocn
of the paraffin component contained in the starting
hydrocarbon or the arcmatic 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 c¢f 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 i1s because ethylene and propylene cannot

efficiently be obtained under the conditions where the
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expl ained in nore detail taking the case of using as
5 the hydrocarbon starting material a C4 fraction
(fraction containing mainly hydrocarbons of 4 carbon
atons, such as butane, isobutane, butene and

i sobutene) obtained froma product of steam cracking
of a petroleun1hydrocarbo%@ 10 FIG 1 shows one

err.ed enbodi nent, .of .th recycle reacti on system

%@%ﬁi% %%%ﬁ%%‘%EM£?C %@%€WW@%%%6}n or

AL 00t erial A Jeaption mxtue (a mxture of
P%ﬂ ore

hydrogen and a hydrocar bon “of° carbon atons)

'S Separat@ﬁmﬁ@ﬁ?ﬁ?ﬁ%g?%qﬂﬁﬁ#ﬁgg%ﬁknH%%e%%i%%lWf&l be

hydrogen and a on o carbon atons

(hereinafd en refey red o %%kl'?%‘ (3 f racti o' ), .and ag

fraction containing nmainly at |'east one hydrocarbon of

4ref HRI® AN ALeS rghaleinatier taf erted kg as
"C4+ fraction"). As the apparatus used for the
sieparaticon 20 HzC3 isepaaiar) nykhere -paysbe ruseda ek
exanple, a distillation colum, a flash drum

@rapor,- lsugui s depamat onkobetene, abdtkthe dinst ikbatiiene)
colum is preferred. Ethylene and propyl ene are

e ereed tfroomat e odestl bifng tHamC8 recadhibont @n t he

ot her hand, at 25 |east a part of the C4+ fraction is
Pedyelledm o yaiecar®aet-i on vessel and utilized as a
part of the starting material. By recycling the C4+
fraction, Bdffané S&eHEaPREdPIRTERESSt ghbpAgment of the
hydrocarbon is concentrated 31. in the C4+ fraction.

Thersror € ef™t & >t6Tat "ahotht “6f “EAETEAR FPakPrdnas
LB ROHSLEd BN BUS, LS BCRUTH PO, aS0.DETES miccure
(a mixture of hydrogen and a hydrocarbon of 1 or more
carbon atoms) 1is separated intc 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-ligquid
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 hydrocarbcn is ccncentrated
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recycling only a part of the resulting C4+ fraction to
5 the reaction vessel. Furthernore, the H2-C3 fraction
may be separated into a fraction containing mainly
hydrogen and a hydrocarbon of 1-2 carbon atons
(hereinafter referred to as "C2- fraction") and a
fraction 10 contai ni ng naiﬁﬂy a hydrocarbon of 3

b r ei naf f to.as "C3
?frgc?rp%ﬁié){mfﬁ@a(%ﬁoeﬁ '23 J?ea“trr% IIJS'eJ ;SW edfo S%p&roétai]or?”(@‘t
. Jmay. b d, . f ml e,
SI s?tlr ﬁ g:tr%%nit%gﬁr%r?n, ylés fﬁeefgyﬁcelédjr’u?ﬁru(t\%xaeorlﬁeiatﬁ?ﬁu&mlated’

, | el e | .
sepanalal) \ﬁ&nalaa{lq?ﬁ he: %%t%'s’n:eit 'elcét ?cf/oga"’c%%‘i e%é/h? At

preferred. en propylene is y pro

|LQ:§:5}qlaier‘rc;nl%f d tb%r(%z'off r-agd ir%dlﬁceirn%gﬂue%rta%tti%% to

reaction vessel and ethylene int - fraction can

e dtdddzedas;exs part of the starting material. Since
the C2- fraction 20 contai ns hydrogen, nethane and

et hane i n additiomd:@, ethylkenes hydrogen, ma®t hane and
et hane are accunulated if the total anount of the C2-
faegetraonred simrtecyclfed.ct ithe rehaka niacc mauhatl 6fdebgen
hydr ogen, net hane and ethane is controlled by

reecy & itwg romlayrenpartt lof?2 tthebresalttinsg (2&rE2naffraet i on
to the reaction vessel. On the other hand, propylene
iI$ feddGverted dfsr OfZthé re3tiradti end andratchiisnpr opyl ene
can be utilized, as it is, as propylene of chenica
Jradé i "Cadé fHy redotitoracbrei tifods canios2atoms
separ at i conditions are properly set. |f necessary,
ﬁ%@réiﬂagggétfgﬁeéﬁﬁdbgo §§paE§tééaFﬁﬂ8“a)fraéﬁiEﬁe

%%%% Bthgug%hn%%raseparation (CZ separator), there may
be used, for example, a distillation column, a flash
drum (vapor-ligquid separator), etc., and the
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- fractiocn
contains hydrogen, methane and ethane in addition to
ethylene, hydrcgen, methane and ethane are accumulated
if the total amount of the C2- fraction is recycled.
Therefore, accumulation of hydrogen, methane and ethane
is centrolled by recycling only a part of the resulting
CZ2- fraction to the reaction vessel. On the other
hand, propylene is recovered from the C2 fracticn, and
this propylene can be utilized, as it is, as propylene

of chemical grade in case the reaction conditions and



10

15

20

25

hydr ocar bon of 4 carbon atons (hereinafter referred to
5 as "™ fraction") and a fraction contai ning nmainly
at | east one hydrocarbon of 5 or nore carbon atons
(hereinafter referred to as "Co+ fraction"). The
position of separation of the C4 fraction fromthe C4+
fraction may be either before or after recycling of
% 19, At fr ct.i.an.__As the Aappar.at us used for
sepa

Fation Cld5arater) Ph 5 FéYmiy e used, for

exanple a fdh%k%ggg bg?t%%l%qq f% &t%%h %r ?kﬁlatlon

(vapor-lqu|d separa etc the

%%b%@%+@% la&%f%r&%gcké%n'%%%k anaﬂ e resul ting
15 fraction and/or C5+ fraction i's recy |&d to the

h%@%bb@&b%%s%%l4a@gr%%ﬁ Q%o%%eqh@$e§n@§EEroEeEE§red to
starting hydrocarbon. FIG shows anot her preferred

%@bﬂﬁﬂﬁﬁﬂbcﬁﬁonwheah@CMCF@aEQ§%5|@Bn%ﬁ%h%ﬂb“ﬁﬁ@nﬁpeagn
fraction is 20 used as the hydrocarbon starting

meteri ahe Ayteaetirbbn BifXtube (arel xtubenohtbydr ogen
and a hydrocarbon of 1 or nore carbon atons) is
deparcanedtient ocdefradt tonasconbai miragtiahrly hydeogen
and a hydrocarbon of 1-2 carbon atons (hereinafter
petatied pd gsprrCat2snf pdcthenT) dmdcaibnattponthe C4+
containing mainly at |east one hydrocarbon of 3 or
MPELeaPbBAYaPENE 1L RerePRAPEEr OLr 8L EPFedeCyCAsNg CBF the
fract ion"). As apparatus used for separation (C2
§e5aﬁ5€6F}0nthePé e B@pagéaquaﬁesstéxaﬁﬁPéa —gon (C4
distil ;ongﬁo um, a flash drum (vapor- |iquid

SeB%rat8F ErS BAY PReUdPdti FPat FORATBOPUNA i s
Rretenngd; FLhyheng, 1§ recovened,fromLhe, resulting

separator), etc., and the distillation column 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 ancther 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 hydrocarbon of 1
or more carbon atoms) 1s 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 (CZ separatcr), there may be used, fer
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C2- fraction. Wen propylene is selectively produced,
5 at least a part of the C2- fraction is recycled to
the reaction vessel and ethylene in the C2- fraction
is utilized as a part of the starting material as

af orenmentioned. On the othgﬁ hand, the C3+ fraction is
10 separated into a fracti containing mainly a

AGRCPboD 1. & et bon, LT e o el G T Tt

raction fraction tonta

| Fff"@} i@ rEeegbéyLdJ {QGAar ,b Cto']:)’ Lalasrﬂ Ci/;g:_lp_é &aar lq(?@;t)aito%xcc%%ugri 51 S

(hefeinafter referre fraction

apRaf at sy _US@:HyQJem%eQ@' atd Qi 3 separ ator )resmqf’igg

may be used, for exanple, a distillation colum,

fdashe r g vapofed i 1seRaral e &liGel AN dHe.cq,
distillation colum is preferred. Propylene’is

reecowered f momd he Chd ract ifamnctang: thi SRR EeNHEERS GaR
20 be utilized, as it is, as propylene of chem ca
gresdes 1dm wease It hewd eadtyiiemec dnditheons -ard a3epamatiison
conditions are properly set. On the other hand, at
l\dastizedharst cofcatdte cC4€hef rsactritomg marteayelledst o t he
reaction vessel and 25 utilized as a part of the
stfartanag tet'@d-al . By recycling the C4+ fraction

but ane contained in the starting hydrocarbon is
concent r at €8 itRet 19é NeF+ hapdacttingn C3Thérefsien when the
total amount of the C4+ 34 fraction is recycled,

BUEaNé o8 dCtimfl At6F S 180d ChEhée D iagc BAtPaYi 6n of

AE L3 o o Ledihy, neyelag on e part ol the,
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
apparatus used for separation (C3 separator), there may
be used, for example, a distillation column, a flash
drum (vapor-liquid separatcr), etc., and the
distillation column is preferred. 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 separation
conditicns are properly set.

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 in the C4+

fraction. Therefore, when the total amount of the C4+
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vessel . As expl ained above on FIG 1, if necessary, 5
the C4+ fraction can be separated into a fraction
contai ning mai nly a hydrocarbon of 4 carbon atons
(hereinafter referred to as "C4 fraction") and a
fraction containing mainly,at |east one hydrocarbon of
5 or nore carbon atons (he? i nafter referred to as

"4;; £ 319, fira a T 0 aratiaon of the
I 9&9 nrthé %%t%%'act g %um z2nd” hence

fractron fr i on e e’ther

Q@ﬂﬁﬁ@ﬂ%&loﬁf%%rbE%%ﬁ%lH@g L?@ﬁsep %%% ﬁso%q%

apparatus used for separatlon rator

may:she usednhe &@%uQ%aﬁ%|@4+afqh3%&bhak'0mr%°&%%% i%n
flash drum 15 (vapor-liquid separator), etc. g

diestsiclll . at Ben exeokumiwhbehel $npreter red rfA‘helc@%§% ?
part of the resulting &4 fraction and/ or C5+ fraction

itsier €dyclfedcttiont henr eactiepn ruessieli nandscarzbeuged as
a part of the starting hydrocarbon. 20 In the nethod
efntthenpngsentiniilpventivdmpcaybehds fofl ethybenetrand
propyl ene per the hydrocarbon starting material can
béerrprevédrbyeéarrgingcoat "4 parakhieh”fhend a
producti on of ethyl ene and progylene by the catalytic
é6ﬁ€éﬂ§?oﬁoﬁﬁﬁﬂpéﬁédmabére andlephet26npr beidevianbof of
th | ene and propyl ene steam cracking nethod (tube
B ERCemar Brack RGS el AoB) hEF heenT e Cease, te) ge Cor

roducts such as nethane_ can be

gt 0. B PLianee

ited! pu 4ttbn Bf tﬁ?P%ﬁ% ant 35 tPeop§l ene
@?Qc@%oﬁf%ESEEEB%%CEEe lO aﬁg?gégnggeEhggfgyghor
Q@HEE'§§§y£§§g§n8ft9ﬁefé@9tfPQcE& ; A&Otﬁet§$§a£¥PSs
used for separation (C4 separator), there may be used,
for example, a distillation column, a flash drum
(vapor-liquid separator), etc., and a distillatiocn
column which is preferred. At least a part of the
resulting C4 fraction and/or C5+ fraction is recycied
to 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 menticned 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
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cracking furnace to carry out steamcracking to obtain
5 a steam cracki ng product containing ethylene and
propyl ene and separating ethyl ene and propyl ene from
the resulting steam cracking product. This steam
cracking is carried out pr§ferably under the
conditions of 750-850C in ?enperature of the tube
t.ype..cr.acki Q f ace -15 ka/cnPG in _pressure, .
d¥%ﬁﬁﬁ§§§%é%%bﬁﬁwéﬁi£ﬁléﬁégﬂﬁ%ﬁ¥%ﬁﬂf C1AP R WA S
rat 1.9, .of tean r : talytic cyclization
reaé?%onfmﬁﬁlaﬁotE%ﬁg%ﬁbggﬁh§%§%§¥k¥ﬁg ﬁelﬁ&§9) ﬁﬁﬂgh
1mpresent daventd one &.pant; Of g he fyaction Boor the
fraction D2 is used as a part or all 6f the o
mﬁmMﬁﬁmmn@%g@w&&%&%&!&%&&%&@%ﬂ@%@W@ﬁmu
aly

the nedium pore dianmeter zeolite-containing cat st,
whestebyn ara oGy dr eearhamiel &+9,aankonqat ons

can be 20 obtained. In this specification, this
reactilemd snd ekerred ihg ashiganal yhidc peyelilzabi erom
reaction". In the catalytic cyclization reaction, as

ttre hpdrdcanigos t estraktriznd imat ericah ccapabhe sok tbaing
added to the fraction B or D2, nention nay be nmade
Girackdindexanplkerizs aust arcifegamitenindercohtakcphigtions
mainly at |least one material selected fromthe group
EnsiPSitRG “6f 1nhyigrbearbors of the2tehebonrat emscksnch
s nor nal R%raffing | soparaffins, olefins, _
EP6Gar afFilns <96 Hapht RERRSYTand® chet opatafPidsin

haying sidechain atiyl, group, Furthermre, the
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 hydrocarbeon of 6-9 carbon atoms can be
obtained. In this specification, this reaction is
referred to as “catalytic cyclization reaction”. 1In
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 atcms, such as normal

paraffins, isoparaffins, olefins, cycloparaffins
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materi al used for the catalytic cyclization reaction
5 may contain as inpurities a small anpbunt of oxygen
cont ai ni ng conmpounds such as tertiary butanol, nethyl
tertiary butyl ether, nethanol, etc. Mreover, it may
contain a small anount of g6diene or acetyl ene such as
nmet hyl acet yl ene, propadi ene; but adi ene, pentadi ene, 10

et,¢ S p e drocarbaon starti

n%taeprl a; 5 %ﬁi caﬁ%(l: acff{)le aag%“e%y & tq%aevjfrlrgacsili on CrBLgaojrn kvl
ifodhe catalytic cyclization reaction are the
followng nmaterials as aforenentioned. 15 (1) A 4

fraction and, Gg Jactd on reeparated JJ,0mprqdugt s

obt ai ned by thermal cracking of petroleum

hyer-aciar bans s ueh ashdapht-naand £1actians phtajned, py
partial hydrogenation of diolefins in the C4 fraction

aned; tdven tChLrf ractingi tia i@)efd R8ha 120 durA fyachdiRn-
obt ai ned by separating and renoving a part or all of
butredi ienenandrisobutenechr am tehe iabov e @A faigctdeamy1
(3) Afraction obtained by separating and renobving a
gart igrr yaldutofl issopmeneeandnoycl epent adicereve2y firomay
the above C5 fraction. (4) A C4 fraction and/or
Fa30iciiie of ractlilopmosEparcdt ed dflieom producty lebteaisned by
fluid catalytic cracking (FCC) of petroleum

3 &$ifeh PAS PP engduEdd epiedsur eaditetiliengt ed
light oil. (5) A C4 fraction and/or gasoline fraction
§éparated froma coker.

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 petroleum
hydrocarbons such as naphtha and fractions obtained by
partial hydregenation of diclefins in the C4 fraction
and the C5 fraction to clefins.

(2) A fracticn 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/cr gascline fracticn
separated from products cbtained by fluid catalytic

cracking (FCC) of petroleum hydrocarbons such as
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(6) A A fraction and/or gasoline fraction 5
separated from hydrocarbons synt hesi zed from car bon
nonoxi de and hydrogen by Fi scher-Tropsch reaction (FT
synthesis). These may be used each alone or in a

m xture of two or nore. 10 The zeolites used in the
catal ytic cyclization reaétion are so-call ed "nmedi um

di anet i tes" having e di aneter of
S04 VR o g e X G o e Ler m * nedi um

pore di aneter ze;g't s' .are the sane as .. .
af or enent i oned. ‘1 qlFujfliahcetrlrﬁ)nr & Y he ngeadslOulrﬁnpeorfer‘;‘mtlon

dgea:[%ﬁgaeged z&roclrgr te-cant ai ning catal yst used for the
catalytic Tcyc

i zation reacti on can be nade nore

sui tabl e byuwadQQQ% Hﬂ%&ﬁﬁgxﬁand/or gasoline fraction
hydr ogenat i on/ dehydr ogenati on netal ~conponent.

Raqdd e &1 | shorphefi@icd §agls g dmRierdAl 2086l 6¢kd
fromnetals belonging to Goup IIB, Goup Il1IB and

Gt Md laref Hhe-Rer odi 6 itaida -and oS ion (FT
thereof, the zeolite-containing catalyst is inproved
igyntdednidriagenati on cyclization ability and can be a
suitabl e catal yst for producing aromatic hydrocarbons.
25 The net dlte:deelengitng UsedGeeup lalBneGroupnl lal Biandire
Goup VIII of the periodic table and conpounds
tdertesf car eoysreferably zinc, gallium indium nickel,
pal | adium and platinum and oxi des and conposite

oxi des t herlé6t 2538 1 t&fd Usie 1pr éfér alibp 1I7td€, zinc

oxi de and conposite ox-des of _zinc such as zinc
ANmiTat e O THE SOt 30F ShéEametal s Bl oRgiPRG &t o

%’ioal'llr%tlérB’ze(glol pesl”l IhBavalrgl% 9%%%9, diameter of 5-6.5 A.

The meaning and examples of the term “medium pore
diameter zeolites” are the same as aforementioned.
Furthermore, the medium pore diameter
zeolite-containing catalyst used for the catalytic
cyclization reaction can be made more suitable by
adding thereto a hydrogenation/dehydrogenation metal
component., Particularly, when at least one material
selected from metals belonging to Group IIB, Group ITLIB
and Group VIII of the perilodic table and compounds
thereof, the zeclite-containing catalyst is improved in
dehydrogenation cyclization ability and can be a
sultable catalyst for producing aromatic hydrocarbons.
The metals belonging to Group IIB, Group ITIB and Group
VIIT of the periodic table and compounds thereof are
preferably zinc, gallium, indium, nickel, palladium,

and platinum, and oxides and composite oxides thereof,
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VIl of the periodic table and conpounds thereof wth
5 respect to the zeolite-containing catalyst is
preferably 0.1-20% by nass in terns of netal. As the
zeolite contained in the nediumpore dianeter

zeol i t e-cont ai ni ng catalys% there can be used proton
type zeolite or a zeolite %ntaining a Goup IB 10

@%@%@ﬂ? Jﬁ@ﬂ%#f%ﬂm?n%i %xﬁﬁ!?%%%éﬁ%@#%%

group consisting of coppé€r, silver an

cgﬁyﬁ%Jan%fﬂo_§§ﬁm%ﬁsQBQKQQPﬁﬁ%ﬁﬁﬁaprggﬁ$%%%Jﬁgjof

silver is especially preferred. The neth or

abtaimdng 4 he Rirokiony typeszeql gy ard dhe method, f ofroup

15 containing the Goup _B nmetal in the zeolite are
ther T saie: s giitddaned helLi=nkef-0ng o e @ HeS ¥ with

severe limtation on the content of the Goup IB
etsalsctbuto tthe centiante-icsnpreafenablast0+,Et1Q% by mass,
nore preferably 0.2-5% by nmass based 20 on the mass of
trhee fzewibiltve .0 .11 2t0he boonteerst iof tehews GfouptkB.netal is
|l ess than 0.1% by nass, the activity for the
catal yti ¢ &pcltiteatzieond iteacindrinsd nsufthieciventi um awde
even if it is added in an anount exceedi ng 10% by
FHSE S tHe F5erifidemaned silg ing Cenger sitnplrdead. c25 Pheused
nmol ar ratio Si 02/ Al 203 of the zeolite in the
SR T PEY APz atFoR Tr 8adEPoR tRuSEbE 12 ngr angreur IB
from.t he point of view of stability as a catal yst, The
fi5er1 FAFE o fihe HoFAr St 16 CS0SFAFS6Sh < ¥ bt "8
Lewarly restricted and_a,zeolite of boué
G550 pref er ably SB6EF 2853065t h) 4P Fati §° the
@ﬂngAh%C%e%%l,g%BEb@klXDHSEQ1ver 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 zeclite are the
same as mentioned hereinbefore.

There is no severe limitaticn on the content
of the Group IB metal, but the content is preferably
0.1-10% by mass, more preferakbly 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 mass, the activity
for the catalytic cyclization reaction is insufficient,
and even 1f it 1s added in an amount exceeding 10% by
mass, the performance is no longer improved.

The molar ratio S10,/R1,0; of the zeclite 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 Si0,;/Al,0; is not
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In the catalytic cyclization reaction, it is 5 also
possible to use a netalloalumnosilicate in which a
part of al um num atons constituting the zeclite
skeleton are replaced with netals such as Ga, Fe, B
and O or a netallosilicaig in which all of the

al um num atons constituting the zeolite skeleton are

ﬁﬂﬁﬁﬂﬁﬂiéuiQMﬂgétEH%f%QpV%ﬁmEtaE%othet%' a%%%%'th%OO,

content of °the above métals in
Tﬁﬂéﬁéﬂ%ﬂﬂ#“d%@ﬁt'Q@aﬁ@ooﬁn.ﬁ%ﬁ%th%“le%E% V81.0, is
converted into terns of the nol nunber of Al2 and
therthe ymelsar .rati o Si 2/ A12A3 is cal cul ated. 15
Contai ning of alkali nmetal and al kaline earth netal
in the zeollnt e randaheaty ttireatment-aefi chheezeokihe iknis
the presence of water vapor in the catalytic
eyeld zatsisobleeact uer ar ecthé 1sanemascafioreaest ianedich
In a case where the zeolite-containing 20 catalyst is
@s @d rfto It ke uganalny ticomey chinzat.itan ingathieonect otea
| ong period of tinme, deterioration due to coking may
§ ﬁﬁﬁ@saé@cuﬁplﬁﬁeﬁhW§t@a§@taﬂﬁeS@ébaﬁysﬁaf Fe, B and
deteri orated_by cokln% can be regenerated by burning
gﬁdOFeﬁDWﬁﬁ@l@ﬁélééEé SnIPhghé§FaP9étOéttﬁetéhﬁ@iaﬁmre
g of 400- gog h% 3 or a_m xed
EoMpPi SPRG - %%é@ﬁ S éﬁo'ﬁE?tSéﬁ%et88036§erﬁﬁ%%Fed

' d t t ment
B0 Rt ERPoiERaAT i nenb arckarice BPowarBl ~Vhpdr
¢an %b%@ebﬁeﬁgﬁac§ﬁrtﬁg BQEaHE'%héh” Lhe. prpduged

wat er vapor by repeati he regenerati on
h%@@&ﬁ%@&l@EaEEelszﬁehbé?t@@nﬁﬁtB'99rﬁ§t§Ey§ReU§89 for

the catalytic
number of Al,03; and then the molar ratio Si0,/R1,0s is
calculated.

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

In a case where the zeolite-containing
catalyst is used for the catalytic cyclization reacticn
for a long period of time, detericration 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
cf 400-700°C usually in air or & mixed gas comprising
cxygen 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
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cyclization reaction for a long tine and deteriorated
5 by coking, the sane effect as of the heat treatnent
can be attained. Furthernore, if necessary, the
zeolite used in the catalytic cyclization reaction
can be used as a catalyst @fter bei ng subjected to
calcination. In this 10 ca % the cal cination

téHH%ﬂéH‘Hﬁ%'d%1Q§Hﬂk§yt§Qp ced!%au%“n%a%%% That
zeol i te-containing cat al ys the cataly

| iZAtIQR FeaCt itoR, ﬂetgeln%r%rt% er rter@attg gﬁ the

zeol i te-contai ning catalyst into a nol ded for

G ad NG eparcit @h@in@fc@&ga@@tsm%@%Sfo&nt%%l%a%%S%tl%5
only the zeolite i's nolded and the resulting nol ded

hody ican ibe usedtdsnt Ferzeolliche- eonkakpiing¢atalbysta
However, ordinarily, the zeolite is mxed with a

por ma:sklnlgef raet erynel ROrgati asoxifdehsuehaas takumhra: can
silica, silica/lalumna, zirconia, titania,
dicatedrmcdeeds earth, 20 clay or the like as a binder or
nmol di ng diluent (matrix), the resulting mxture is

mol ded and ftseherasukt i A§ mekdedabody the usedias tihed
zeolite-containing catalyst. Wien the matrix or

Bi'ndér ics taded ot ReclisaganrentaEhepaoransbpr epedabEya

preferably 10-50% by nass based
éﬁ%ﬁég %oggFeﬁagglGE Sphéeze6A te SAdCERethERri xBr this

bi_nder . . The cond f the_catalyt | 41
SRErT 5] RoCRa B eoBnE SPRVGHEFon i edHpeRAPngoBt -

réactioni e
Bt R T e SR
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
boedy can be used as the zeclite-containing catalyst.
However, ordinarily, the zeolite is mixed with a porous
refractory inorganic oxide such as alumina, silica,
silica/alumina, zirconia, titania, diatomaceocus earth,
clay or the like as a binder or molding diluent
(matrix), the resulting mixture is molded and the
resulting molded body is used as the zeclite-containing
catalyst.

When the matrix or binder is used, the
content thereof is preferably 5-20% by mass, more
preferably 10-50% by mass based con the total mass of

the zeclite and the matrix or binder.

The conditions of the catalytic cyclization
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material, and preferably the tenperature is 300-650C,
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. Thi reaction vessel utilized
in the catalytic 10 cycllﬁ tion reaction of the

pr t Ho of flxed bed, t
Iﬂéﬁﬁ%} Lo I}eype %ﬁ?%% 1b Varleaﬁgﬁ%%glng on
r t P Janne, | -
ﬁﬁgghedls an M|c#% ty&?é@%ﬁ%ﬁn“

vessel ﬂf"é“bdﬁ%fﬁfnyf%ﬂf} %&ﬁygi fl%51%E¥%%pE%%ktI%§

present invention will be expl nore specificall

mhﬂéﬁﬁép|hﬁ%ﬂ%&é@@%ﬂyﬁﬁtﬁﬁﬂ*%%ﬁgﬁﬂﬁh¥ﬁlsﬁé@@p%%% c,

whi ch shoul d not be construed as |limting t

Iheentd an d1n ey sieRnert. 20 Msasuiempts stardueted in
the exanples and conparative exanples are as foll ows.

(B teMeasiurienentd 1ef3 ammayntanaf tproten ghit hherizeebate by
i quid phase ion exchanging/filtrate titration

st o £ v25.51.05 1 50f hzeol idred wasr < g i frechlilny diite at  a
tenperature of 400-600C, and thereafter subjected to
i ESEchang g R 02506 Cof an aqueous Nadl sol ution of
3.4 cools/liter while ice cooling for 10 m nutes.
After 42 {'Re Fesaltiirag VRiSREdr 8twad M tar e FRealvtic

zeolite was washed with 50 m of pure water, and
I S TP CtRE Pﬁ|FP§t8f€§ﬁpa.ﬁpﬁﬁﬂvﬁ@nmaﬁérbe

%ﬁ%gcf s @%%hln%,%@pe, 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 inventicn will be explained more
specifically by the fcllowing 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 liguid phase ion exchanging/filtrate
titration method.

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

3.4 mols/liter while ice cooling for 10 minutes. After
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recovered. This filtrate (containing water used for 5
washi ng) was subjected to neutralization titration
with 0.1N aqueous NaOH sol ution, and the anount of
protons in the zeolite was obtained fromthe point of
neutralization. (2) Calculation of reaction rate
constant K. 10 The reacti rate constant K (hr-1)

Wﬁk@héé%lﬁy%qsﬁyéﬁﬁfé”%éy éﬁyggf%%lcﬁ%%thE@Xte Was

obt ai ned by t ['ow n or mul

LW X [Hen r*?:lh%fa?)%\f:% f.ormul afa \éﬁ@é g ahbung Lhe

15 wei ght hourly space velocity' o starting

ratcerdial: \Witth JeSRaGH nlho thie Wwelght, sofy the %%%Eh?% was
and X (with no unit) i's an olefin conversion on the

basicsr= vefd .butrene &ﬁq&&@e@tr@bhealaﬁng %&tQIOLsédeor
carbon atons in starting material (% by mass) -

carcentyn atiagn safb 20 thdt ene nientpaoduct 1 6% BY -FB$SSHh with
concentration of olefin of 4-8 carbon atons in

$t-ant iangenate Ne@H %lbyimassphd thExanphetlbfAprotons
extrusion nolded article of Htype ZSM5 having a
#@IéheréﬁpélSﬁCEEAlzbsa@ﬁ@ﬁOG@O@C@hEapnnng 86% 25 by
mass of Si 2 binder and having 1.6 nm-, and bought
PESMIRIkRE “URver sal Co., Ltd.) was dispersed in a IN
aqueous sodiumnitrate solution (10 cc/g-zeolite

nol ded body), 5ﬁéCPéﬁtéQ8h§ﬁgFﬁ@CFF@§tﬁéﬁ? @ﬁgstant K.
carried out, at 43 roomtenperature for 1

repeat edl y Ufr 86°FFnBE, “2F51 FBUEH2By 5a#P§|ﬁgW5&Fh is
ah'h&%ég%gligﬁgglggEéﬁ EH%BESE1V§99 ggglngtalngéegar
following formula.

K = WHSV x 1In[1l/(1-%X)]

[In the above formula, WHSV (hrﬂj is the
weilght hourly space velocity of the fed starting
material with respect to the weight of the zeolite, and
X (with ro unit) is an olefin conversion on the basis
of butene {(concentration of olefin of 4-8 carbon atoms

o]

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 article of H type Z3M-5
having a molar ratio Si0,/A1,0; of 1000 (containing 30%
by mass of S10; binder and having 1.6 mm$, and bought
from Mikki Universal Co., Ltd.) was dispersed in a 1IN

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

body), and ion exchanging treatment was carried out at
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di spersed in a 0. OLN aqueous silver nitrate solution 5
(10 cc/g-zeolite nol ded body), and ion exchangi ng was
carried out at roomtenperature for 2 hours, followed
by filtration, washing with water and drying to
prepare a catalyst A. The anount of Ag in the
catalyst A neasured by fléérescent X-ray analysis was

% by 10 mass. Ihe c st S pac ed in a
qu?}l tgql%essatlfre%c Ton 3%05‘3% eé?eal Srfermes.

z am.n for hour s, under
ﬁ%ﬁ ti ons leralCj toglrrpgfr urraerg*o ’6@@6511§)glsjtwela 70w T
f te of .14
@fﬁﬁy o AN B U e AP, ol oL aes

ié?gfel%@:l eq ed d th1 Q. de, st eamng tyeatnent wWas ; .,

nmeasured by |iquid phase ion exchanging/filtrate

tito atd op-s@ihod tQ A9, 002 MR Gy kG 164y RJ&%

catal yst A after the stean1ng treat ment was packe in

adeaicid ety esselodmde g oft HASHELL QY He havi ng1aRwed
i nner dianeter of 17 mm$. Using C4 raffinate-2 shown

ityy Tablteralt i {robtwaisheich bwiext maciirngrlutcadiiene tangrepare
i sobutene froma C4 fraction obtained by steam
¢r ackisny ataght ha)hcasmunst arft ifgg imatéei aktad yiseadét i on
was carried out under the 25 conditions of a reaction
tERFeral iy cffl@g@@ce@tf éiedfayaﬁ@aﬁwséfs whe CG415% by
raffinate-2 of 60 g/ 6 hr-1) and a pressure
6‘16563 ‘1 CattﬁeYrSgs@l i2fg pﬁ@éf@fiu 6R ApEYaUtE Wagss

d to about 30C.at the.outlet of the 44 reaction
é?éeIQJ|W%f%flh€ lgx@ﬂgnéﬁr*aﬁﬁrtHéﬁmeFﬁFréﬂéced

s gl s AR M ST
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 liguid phase
ion exchanging/filtrate titraticn 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 mmé.
Using C4 raffinate-2 shown in Table 1
(obtalned 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 z reaction temperature of 580°C, a feed
amount of the C4 raffinate-2 of €0 g/hr (WHSV = 6 hr 1}

and a pressure of 0.1 MPaG, the resulting reactiocn

product was cooled to azbcut 230°C at the cutlet of the
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conposition of the recovered C4+ fraction is shown in
5 Table 1. Then, using the recovered C4+ fraction and
C4 raffinate-2 as starting materials, an experiment
of C4+ recycling was carried out for 24 hours under
the follow ng experinental conditions. Experinental
conditions: 10 Reaction te erature 580C, feed rate

f f te-2:..30 gl hr; fee ate of
e adatianat e B Pl SERIRS Hd s,
qg§§%m%e§j%¢g@9'gg qd N %%ho tw ed after
a given tine onf%tart g of G’ﬁ'ng 0 arti ng

nat tl ty oduced, ,9as ¢
chf%%gﬁgb%g%%i%%§%g&egl%ﬁ efgcggﬁégAf%Hgﬁgﬁyze t

RS td o oFhe ranalysis Ry gas ghromategr %p@h\e% in

carried out under the follow ng conditions. Device:

GGLLIAA manufrast, ured rby tSRi redzkl CRIP ¢ 4+28 QR YMY and c4

CuSton1cap|IIary colum SPB-1 (0.25 nmmin inner
dizefifetrert,e -60 am ist drengioh ma3.cQ imlisn %h|@pr&hﬁﬁﬂﬁs%k Ca+
manuf act ured by SUPELCO, Inc. Anpbunt of sanple gas: 1
rneqydﬂin@amwbim@rkh@@ owas fkeptzdaho2@6- IDASrt ahpr event
%yefactlon) 25 Heating program Keeping at 40C for
2l lgwice sxoerdmeneatli kgndd t2006€.at 5C/ min, and
keeping at 200C for 22 mnutes. Split ratio: 200 : 1
45 Fl ow r &g reairileccgasd thninerogen): 120 m / nin.

FI D detector Ai.r supplying pressure 50 kPa
Reaction temperature: 580°C; feed rate of C4

raffinate-2: 30 g/hr; feed rate of C4+ fraction: 31.2
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
directly introduced into a gas chromatography (TCD, FID
detectors) tc analyze the composition.

The analysis by gas chromatograph was carried
out under the following conditions.

Device: GC-17A manufactured by Shimadzu Corp.

Column: Custom capillary column SPB-1 (0.25
mm in inner diameter, 60 m in iength, 3.0 pum in film
thickness) manufactured by SUPELCO, Inc.

Amount of sample gas: 1 ml (the sampling line
was kept at 200-300°C to prevent liguefaction).

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
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(about 500 m /m n), hydrogen supplying pressure 60 kPa
5 (about 50 m/mn). Measuring nethod: TCD detector
and FID detector were connected in series, and
hydrogen and hydrocarbons of 1 carbon atom and 2
carbon atons were detected by the TCD detector and
hydr ocar bons of 3 or 10 nofé carbon atons were
det ect ed byﬁi; he FID de; ector. After 10 minutes from
starting of analysrs, 1 He? Tt et hg! bt P Wars 120
hed fromTCD to FID. The results of analysis of
the reaction product after 12 hours fromstarting of

the reactiop;p 15 e @ofha}fhﬁ“ﬂepgflyfln rolpS:ene agb?kfaS

et hyl ene (% y mass) with resp

carhon: at@ms,i o the ﬁﬁ%%@rgd Oavaés MNEIE 320

and 8. 7% respectlve Howeve onent's of
6t car bon matoiys i n the recover ed C4+ fractl on were
all olefins 20 except for aromatic hydrocarbons.

Moreover, thexdadirg wafcide reactiandwaie senstiant K
after 4 hours and 24 hours fromstarting of the

reegcid o W24 dwowres)t/d( 4n hewris)d,, awad d@Qgen and

[ Conparative Exanple 1] 25 The reaction of 4
refdiaratdh avast dargadcbn autonunrder 2t hersane acondi tvic@Rrs
as in Exanple 1, except that only the C4 raffinate-2
it Fresstl Tahoin®t T6I0 6Bt egltor (EWESVIv=ir®carbbpswas Used
as a starting material fed 46 to the reaction vessel.
TIRE & SRS G- Hiralifdics dsitared boadhicon Ipr detiectatt er
2f hourlg]ffrom starting of the reaction were that

3%‘\ [royiSernd “An g teehygn&i(ggialysis, the

detecting cutput was switched from TCD to FID.

The results of analysis of the reaction
procduct after 12 hcours 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]

The 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 amcunt of 60

g/hr (WHASV = 6 hr*) was used as a starting material fed
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by mass) with respect to the olefin of 4-8 carbon
atons 5 in she feed starting material were 31. 1% and
8.9% respectively. Mreover, the ratio of the
reaction rate constant K after 4 hours and 24 hours
fromstarting of the reaction [K(24 hours)/K(4
hours)], was 0. 87. Fron1th%600nparison of Exanple 1

\g.]fot {]chhéeo r(%% airoant iVYees slz:e)ia. np lif% el ’g’el sglg.cc%n rogg lelgielnﬁ&tigato fu sc% e

+ Traction, as It

;%ta%@ i% n ﬁrtohﬂfgt arfg@}v il.@g *1%%%\/53/ f@?}ﬁ'rke rsit%lrsc il?l%'d OQO the

verse eftrect on eteriroration o he “catalryst.

Rutherore.d trcan be | seen ?Eﬁﬁyﬁ%%e”%%éi%Qﬂﬁgg e (3

conponents of 6-8 carbon 15 a in the ction

3N nbe of fieatd velayutd lki-zed » f.QL pLodyctian Of on atoms
propyl ene and et hyl ene. [Exanple 2] An experi nent

deor respardig tlo theey aling afl etByhkene swas cenduct ed
under the sanme conditions as in 20 Exanple 1, except
tratoetche ve4 yr.af Monabe<2,i Rhan ramunt fof h36r8agthen thes
A+ fraction in an anpbunt of 27.2 g/hr, and ethyl ene
icwnart aarmo Wn ke faf ré 4ghburEWHBY 246hohirsly roer etdsednasor
the starting materials fed to the reaction vessel. 25
The resgitisnof(KdRdl yougsof Kilhehreast il pnwapr 0dadt after
4 hours fromstarting of the reaction were that
yi el ds of Prepyléfecangaéthynenté % bylamssyithith
respect to the olefin of 4-8 carbon atons in the 47
FEBG3SeArVENG=AEPEF &F Wer 63847895 8AE OngY, use of the
pectively. A _conparison with Exanple 1 shows that
Frﬁgdgé X rlf%‘f’ &Phyfend’ was §u55F¥§§ggngaF%E%IliHbthOUt

removing heavy materials had no adverse effect on
deterioration of the catalyst. Furthermore, it can be
seen that the ncn-arcmatic components of 6-8 carbon
atoms in the C4+ fraction can be effectively utilized
for oreduction cf 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 Cd4+ fraction in an amcunt cf 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 preopylene and ethylene (% by mass)

with respect to the olefin of 4-8 carbon atoms in the
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et hyl ene and that the yield of propylene was inproved.
5 [ Exanpl e 3] An extrusion nolded article of Na type
ZSM5 having a nolar ratio Si02/A 203 of 1200

(contai ning 30% by nass of Si02 binder and having 1.6
m$, and bought from Ni kki _Universal Co., Ltd.) was
dlspersed in 0.02N 10 aqueéus silver nitrate sol ution

c/ zeollte nol ded ~body n. exchange
trea Rt e d e Ut 2%0%? = 1" fibur whi ch was

i §$%??bﬁ¥gﬂash n&%ﬁ%%1 ter ancarr ;F%g td“ﬁ?%ﬁéat
t
?rpelgﬁfée%ﬁbny%‘fl uor cent VB?%: n]%?%/sge.&srbe %C%J%U%f

na3§”§%Qa5%$%ﬁ{cw éﬁﬁ%@?ﬁgﬁgﬁﬁﬁgﬁ%ﬁ%%ﬁ€§¥§%§nlﬁb

ek ach SWH)j ected to steaming for 5 hours under the
conditions of a tenperature of 650C, a steam 20 flow

rate of 214rg/dutruinid negeikd low irate «of 400 y NE/ R 5
and a pressure of 0.1 MPaG The anount of protons in

theer icet & ystl =B, rafttier Jilte/ste@mdig 12dteatcm@niairvias 30%

nmeasured by liquid phase ion exchanging/filtrate

thit rEtdsow Imétifadbandedeterdnhpedntol1256 beo. H02 howkig.

60 g of the catalyst B, after the steamng treatnent,

wa@ﬁpéblm iU iy ersadt iCon ~védshl) wmd@li@fpeHASﬁELilDO\J 2N

havi ng an .inner dianmeter of 27 mm4. Using C4

@aﬁlﬁ -3 VERo W it tratsicd 1 igg 4 148 Ccs/tGarZﬁOﬁgte molded
rlal a. reactlgp was carried out under the

dﬁfl@ﬁg G "2 SFERENTIEN SEERPEERUME SofE853EC Ut edd
%ﬁﬁ%ﬂ%o%f t%%u94w%1c I%%%er%peat%%otwogéq%es? f%?QOwed

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 steanm
flow rate of 214 g/hr, a nitrogen flow rate of 400
Ni/hr, and a oressure of 0.1 MPaG. The amount of
proteons in the catalyst B, after the steaming
treatment, was measured by liquid phase ion
exchanging/filtrate titration method and determined to
be 0.002 mmcl/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
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amount of the recycling C4+ fraction of 139.8 g/hr 5
(WHSV = 6 hr-1), a feed anpbunt of steam of 108 g/ hr,
and a reaction pressure of 0.1 MPaG and the
resulting reaction product was fed to a distillation
colum and separated into, agn H2-C3 fraction and a CA+
fraction. About 56% by ma&s of the C4+ fraction was

r t 1 r 1 vessel After cor |nu
tﬁgy%ac ing%El% ghez Egzl)clséco?jhe cat 'z aI Gt Ve € Clileelg the

tOork @OENSL At o, 1488LIE) e, 1ol .o
conditions. Conditlons O regener a(% 1 on t({r}’g‘at nmen %Ed

Regener ati amd e;rmefﬁﬁrﬁatéﬂﬂ 250G . 1259%195”“ ald 9

pressure: 0.5 MPaG flow rate of nitro + air: 1008

NiAdurit axygen: censentinal icon: L-2%-Qy, Molueg r)

regeneration tinme: 10 hours. The yields (% by rms

basttl on a4 he-©4, 1 afééaateoRnaref Show i & Tabd G%ZhrThe?nd
AAROVW P was 20 3.5. The regeneration gas at t
cutidesictofort ererseantd af Vesselrda) thel regenessati-omn g
treatnment was periodically sanpled and the

rEgerdrcat o dyas was fanaloz ed disitrid latdas column and

chr omat ograph to neasure concentrations of CO2 and

G@Pafrramﬁ%“@l@ the FanBanfratt 26ncekd massdeferntned.

}}? t of coke was divided by the total anount of
1}?@’ FatSer icdl & Fed ddudirAg titke vasactecon led to

tain yield of the goke, which was 72 ppm by nass.
3 fé&’%&af’é&.\?é E:](an'plp‘gtﬁ]r ThE - 8ddtifokhNef reaction for

raf at va arried ou er. the same conditions
2 X%Exgkél %aﬁgsL 8 3U jec%ed Lo regeneratlion

treatment under the following ceonditicns.

Conditions of the regeneration treatment:

Regeneration temperature: 500-550°C;
regeneration pressure: 0.5 MPaG; flow rate of nitrogen
+ alr: 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/D 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 amcunt of the starting materials fed during
the reaction to obtain a yield of the coke, which was

72 ppm by mass.
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that only the C4 raffinate-2 in a feed anmount of 360 5
g/hr (WHSV = 6 hr-1) was used as a starting materi al
fed to the reaction vessel. The yields (% by nass)
based on the C4 raffinate-2 are shown in Table 2. The
yield of coke was 77 ppn1b% mass. | n conparison with
Exanple 3, it can be seen 40 that the yi el ds of

et ] . opyl.ene were i nproved by recycling the
Cﬁ2¥¢ra01$§%%%%ﬁW%Héiggre, it can be seen that the

yi el d of cekg di t,.| S _\when, the §§+.
fraction was reé%%ﬁgénhgﬁ{ﬁﬁkggi [Efﬁ%b?é“f% fed

f [ ; Vi, N I ratj
A0 a0 ey ae (10 Darenhy a2 e

tierrws of 1 Zitne Rt aly)r fAand ral umina ;S Hee L3RR $¢ B
mass in ternms of Al1203) were kneaded and extruded to

pr/epar @rsurel dedphoducd ofed. £ d kS ametesc andy A- 6.4
20 mMin length. This was dried at 120C for 4 hours

and tHehersealicinned sat 1500Chkory i3 1Reurs g abisanbased
ZSM5 zeolite nolded catalyst. This catal yst was
dirspédrsséd rviad fliNagagu€oas es atiowm Aint Takéesdl.ut mMor (1€@1d
cc/g-zeolite nolded body), and ion exchange treatnent
Was ceaier ived 75 owmn & meom.t enperature for 1 hour and
was repeated three tinmes, followed by filtration
washi ng w th WEFEET18R8 AN edrpeepar étagan be seen
Na- cont ai ning ZSM 5/ S} 02. This  was dispersed in 0.1N
aqdeols SsYiFer SnPr SE8 Y466t PR BOCPY16NECHGL Zedimpraved

| ded body), .and_.ion_exchange treatnent was carried
R b RS o < et R a2 R IR N

room
%%%ErﬁhﬁQnth%ﬁ§ﬁéﬂg %%tBo%%tSEdaﬂgt increase even when

the C4+ fraction was recycled as it was.
[Example 4]

72 parts by mass of H type 7ZSM-5 (having a
molar ratio S510;/A1;03 = 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 IN aqueous sodium nitrate solution (10 cc/g-zeolite
moided 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 tc prepare an Na-containing Z3M-5/510,. This

was dispersed in 0.1N aquecus silver nitrate solution
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drying to prepare a catalyst C. The anmount of Ag in 5
the catal yst C neasured by fluorescent X-ray anal ysis
was 1.8% by wei ght. The catal yst C was packed in a
reacti on vessel made of HASTELLOY C having an inner

di aneter of 27 mm® and subgected to steaming for 3
hours under the conditions’Bf a tenperature of 650C, a

0 fl t f 4 g/.hr, 1t fl t
SLRD AL L 20 P P a0 s ogen Ll ow rate
t - t e t ' f t t
e AGRUR Yok, CAY a1 Uhe steam o Lot ms.

havi.ng %ﬂmeg&jerbq;t anetier, of 27 oy irégs A deagtian o

et
carried out un he ~ conditi‘ons ©o feed anmount “of

the, G+ 44 actd on-. obtajingd, din Exanple 3 Qf, 110 %?ggé)ﬁg’

a reaction tenperature of 515C and a pressure

MPa: cEhenyiel & ofeanommt i, hydiocarhon of-6:9 £anken s

atons after 20 2 hours fromstarting of thé reaction

wass 45.832% bywe inpgs. AreMddie nesuld sv=0f el e 3 ;and
Exanple 4, the vyields based on the C4 raffinate-2

were:19.08%dysatnssdd arf etahylraney 38.-05%hy amRSSirfear
propyl ene and 22.82% by mass for aromatic hydrocarhbon
oflaneg egarifork latmoms an2b sThisctietd ¢ansbeaséen that 3 hours
et hyl ene, propylene and aromatic hydrocarbon of 6-9
dJaWC{fcm tdto e ralie L oge edt iav dleypsbdiuned By 6905Cect mgeam
t he by-product C4+ fraction to a catalytic

Sy Ay Zgtirt eddt iSdmr 5F MtamIsEe M| eeoksssi tifod 06f 4
raffinate-2 and C4+ fractio % b nass

ﬁi;hr, and a pressure of O.q ﬁgGX 39.6)% of the
catalyst C after the steaming treatment was packed in a
reaction vessel made of HASTELLOY C having an inner
diameter of 27 mmd.

A reaction was carried out under the
conditions of a feed amount of the C4+ fraction
cbtained in Example 3 of 110.9 g/hr, a reaction
temperature of 515°C and a pressure of 0.5 MPa. The
vield of arcmatic 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-? 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, 1t can be seen that ethylene, propylene and
arcmatic hydrocarbon of 6-9 carbon atoms are

selectively obtained by subjecting the by-product Cé+

fraction to a catalytic cyclization reacticn.



Components C4 raffinate-2 C4+ fraction

Met hyl acetyl ene 0.07 0.00 Propadi ene 0.22 0.00

Propyl ene 0.18 0.01 Propane 0.04 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 (6

non-aronatic 0.00 16.15 hyHrocarbon Tol uene 0.00 6.29
nq&;a&on&tic 0.00 16.37 hydrocarbon C8 aromatic

hydrocarbon C8 non-aromatic 0.30 7.39

Q dro bon 0.00 7. Tot al. .100. QO
h%%m%d%g% rzlj[ aﬂﬁ 5§ ¢ 67 f]:%st Fitg Fat er i
%[0}1 gqactlon yleld (o by mass)] Exam e 3 Conparative

onents CA raffinate-2 (yields) Exanple 2 (yields)

Components C4 raffinate-2 | C4+ fraction
Methylacetylene 0.07 0.00
Propadiene 0.22 0.00
Propylene 0.18 0.01
Propane 0.04 0.00
Butadiene 1.69 0.02
Butene 78.73 7.89
Butane 17.924 4.06
Pentene 0.30 20.47
Pentane 0.53 2.17
Benzene 0.00 2.54
Co non-aromatic 0.00 16.15
hydrccarbon
Toluene 0.00 6.29
C7 non-aromatic 0.00 16.37
hydrccarbon
C8 aromatic 0.00 9.52
hydrocarbon
C8 non-aromatic 0.30 7.39
hydrocarbon
CY9+ hydrocarbon 0.00 7.12

Total 100.00 100.00




Hydrogen 0.00 0.05 0.03 Methane 0.00 0.26 0.18

Et hyl ene 0.00 9.08 6.40 Ethane 0.00 0.21 0.15 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 2
6.15 9.80 Pentane 0.35 0.

.45 20.57 Pentene 0.81
0.38 Benzene 0.00 0.19

%Tl%lecg non-aromatic 0.00 1.52 2.42 hydrocarbon

oluene

00 0.63 0.46 C7 non-aromatic 0.00 0.85 1.35

nydnpcanhon, 08 carqmgtlc 0,00 % 84 245 bydt ggaghon ,C8
non- ronatlc frocarbon
hyd% arka g 0.00 0.52 0. 38 Total 100. 00 100. 00 100. 00
I'NDUSTRI'AL APPLI CABI LI TY According to the
productlon met hod of the present invention, in the
met-hod—for—producingrethytene—andpropytene ‘Egggaratlva
hydr oc‘C%FnBszenSLtsart I'ng n@& qa'f?kf?ate—Z Exgmle 3 Example 2
{yields) .
(yields)
Eydrogen 0.00 0.05 0.03
Methane 0.00 0.26 0.18
Ethylene 0.00 9.08 6.40
Ethane 0.00 0.21 0.15
C3H, 0.10 0.00 0.00
Propylene 0.06 38.05 26.84
Propane 0.18 1.38 1.03
Butadiene 0.21 0.02 0.03
Butene 78.95 18.31 28.83
Butane 18.48 21.45 20.57
Pentene 0.81 6.15 9.80
Pentane 0.35 0.40 0.38
Benzene 0.0Q 0.19 0.13
C6t non—-aromatic 0.00 1.52 2.42
hydrocarbon
Toluene 0.00 0.63 0.45
C7 non-aromatic 0.00 0.85 1.35
hydrocarbon
C8 aromatic 0.00 0.64 0.45
hydrocarbon
C8 non-arcmatic 0.16 0.29 0.47
hydrocarbon
C9+ hydrccarbon 0.00 0.52 0.38
Total 100.00 100.00 100.00




5 containing olefins, recycling of starting materials
is obtained fromthe reaction product by a sinple

nmet hod. An efficient and stable recycle process can
be achieved. Therefore, the nmethod is industrially
useful for producing ethylgne and propyl ene. 54
CLAIMS 1. A nethod of proda i ng ethylene and propyl ene

\ fﬁ¥ﬂ¥i Gon i.hg a hydrocarbon starting
\r,r@[gﬁa contai ni Ng ]%Ou["jo%y mass or nmore of at |east
one 5 ol ef iy of Ak carban Alome W Ah 2 Galplyst

containing a ne pore di"ameter zeo aving a

ol ale Jati0,e Qe ALZ08 1of 200;500Q, i rnbr%d'u%(‘rtg't W hylene
vessel under conditions of a reaction temperature o
400+ 6006 v 1@ n Partdaln Rressune Ofsdhe hydr )
starfing}haterial 10§§$ 0.0l-O.Stﬁggjgﬁgqggﬁg?gﬂf

houtd 34 rsipac e alie6, t W cQfy o 150G el G readat QUtz 1@ 1 s
catal ytic conversion reaction of said at | east one
alkefd imeaf k2 tear ber atiens prdderely ebtaimpilrg i thod.
reacti on m xture containing ethylene and propyl ene,
Separidting rithemrceadtaldr mextwrle hddtse aafr aeti on A
cont ai ni ng mai nly hydrogen and hydrocarbons of 1-3
caErBery eat-ond hant L rfer,adthicomeB hocodtsaiimichg trdiznlly atseful
| east one hydrocarbon of 4 or nore carbon atons, and
deFaPRATNS I@chAtérd card apcopylodrd erfe-om t he fracti on

A, said nethod neeting the following 20 requirenents
(i) and (ii): (i) to satisfy AAROVA/ P < 13 AAROMA =
AROVAout - AROMAI n (AROMAI n: percent by mass of
aromatic
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hydr ocar bon conponent of 6-8 carbon atons in the 25
hydr ocarbon starting nmaterial at the inlet of the
reacti on vessel, AROMAout: percent by mass of aromatic
hydr ocar bon conponent of 6-8 carbon atons in the 55
reaction mxture at the outlet of the reaction vesse
P. partial pressure of the5%ydrocarbon starting
material [MPa]); and (||¢ ecycle 10-95% by mass of
the 5 fraction B to the j%é@%#on vessel and use it as

the hydrogar rtin r od
accordlng ?b c%gﬁﬁiim; dUEl 9hethy%§€Flgﬁ ‘gpylene

%ﬁﬁﬂ%akﬁﬂgkgs%s Jas, g%QQQ% %%?E%b%&%%“ rg%I‘E‘r‘l[t)l{ﬂ‘?}gand a

hydr ogen hydrocarb carbon atons

Gm%mﬁ%%mw%wymwwﬁa%s%%@wm

carbon atons a part of the fract

b&efﬁ%cb%i%dl@oc%@%ohe%%bh%nw!%%sﬁlc%@gl§%%dc%%télﬁ§ﬁb
of the hydrocarbon starting material. 3. A net

@Cﬁ@@dmﬂgpreCU&bﬁblermﬁ%bﬁhﬁelﬁaQQ%g $5m61aﬁa§§t95
the fraction Bis recycled to the reaction vessel and
Wsed/as:@ pdr 00F50bé hydeoearhoncst aekiseg uRdteri al .
4. A nmethod according to claim1, wherein the fornula
icerhe lraguictememeagit) ons tAARENMALRTS ©6. 420-8D0AC, a
nmet hod of producing ethyl ene and propyl ene which
EerprirseSreeRtact Phgtachiifoearbbornstartringy material
contalnlng 20% by mass or nore of at |least one olefin
Of 4-93- Qaﬁbgﬁaaﬁaﬁsawﬂﬁhgatcapar9§tS@éﬁﬁaﬂﬁﬂﬁglty of

1-1C0 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, 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, said method meeting the following
requirements (i} and (ii):
(i) to satisfy AARRCMA/P < 13

AAROMA = AROMAout — AROMAin

{AROMAin: percent by mass cof aromatic
hydrocarbon component of ©-8 carbon atoms in the
hydrocarbon starting material at the inlet of the
reacticn vessel,

AROMAcut: percent by mass of aromatic

hydrocarbon component of 6-8 carbon atoms in the
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a medi um pore di aneter zeolite having a nolar ratio 25
Si 02/ A1203 of 200-5000 in a reaction vessel under the
conditions of a reaction tenperature of 400-600C, a
partial pressure of the hydrocarbon starting nmaterial
of 0.01-0.5 MPa and a meighé hourly space velocity of
56 1-100 hr-1 to carry out®a catal ytic conversion

reaction of said at |east one olefin of 4-12 carbon
zﬁ%ﬁﬁi‘éq- Tér ey o%téﬁﬁiﬁ&tdeﬁéé%%iﬁﬁ?rﬁ%QQBﬁgn vessel,
contal ni ng et hylpen%a%qaqr ?Jg)éls%%%‘e So%pﬁt[haet Ihr\]/%rtol?':%r on

reaction mxture 5 into a fraction C containi*ng nmainly

hydr.agen %%QerQ%qrq%%gqqqsaﬁh 1-2 carbon atons and a

fraction D containing mainly at |east one hydrocarbon

of 3 or norg ;)carben ALqns.csepar ati ng Lhe fraction D
into a fraction Dl containing mainly a hydrocarbon of

Freardion at ons rard 20 ca ibhacldser 102 neontsal Nicng sMeinal y
at | east one hydrocarbon of 4 or nore carbon atons,

andirsepatatn 3gaethykenaceand/ior propyl ene fromthe
fraction C and/or the fraction D1, said nethod

feeti ng theé frelthowi agcoreduigr ementls ifi ), antieticiih: ths
(i) to satisfy A ROWA P 13 AAROVA = AROMAout -
ARGWAILe( AROVAISePapeteentinby massaof ianoat centaining
hydr ocar bon conponent of 6-8 carbon atons in the
Fypdiracalyes osear endghrdreciegboat the lidl errbbnt heorg
reacti on vessel, AROMAout; percent by mass of aromatic
BYdr GcarB6n L Eanponeti tof N EN8 Bathby AYORRCEAPehe Of 3

rea%}ion m xture at the outl et of t?e reacti on vessel,
carbon atoms, and at least a part of the fraction A; 1is

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

3. A methed according to claim 1, wherein 15-350%
oy mass of the fraction B is recycled to the reactiocn
vessel and used as a part of the hydrocarbon starting
material.

4. A method according to claim 1, wherein the
formula in the reguirement (i) is AARONMA/P < 10.

5. A method 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 atcoms with a catalyst containing
a medium pore diameter zeolite having a molar ratio
S10,/A1;03 of 200-5000 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 weight hourly space velccity of
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P. partial pressure of the hydrocarbon 25 starting
material [MPa]); and (ii) to recycle 10-95% by mass of
the fraction Dto the reaction vessel and use it as
the hydrocarbon starting material. 57 6. A nethod
according to claimb5, mhergln at least a part of the
fraction D2 is recycled to "the reaction vessel and

et 2 paL i of L e g ogar bon, . of ag&érn&ﬁtg%faubon

A wethod Ge erei

MRS S % ta %%t on 'B%efg o e3¢l %‘% ga%% a%% | on
vesse use hydr

as the ‘'ocar bon “st ar i'ng m efla

reAé’{ﬁ} f&%qa%%[??' n%eta%tcll % ahereln othe pf o mul a

in the requirenme

nethod ac cerding o0 ARy %@%aQEtQE%'%§e r%actwgﬁr%hﬁture
the zeolite is sefected fromthe group consisting of

ZIMD A ¥pe 260k teSontl.i rAniEtlaad 18C %G}Eidb@@nt anany one
of clains 1-8, wherein the zeolite in the

z80lidercontsaicl ng2catalkyst attmscantaknsracAebal b
bel onging to Goup IB of the periodic table and
canttaiims ngubstiadt/i akl yecastproktohydritarBomebfiod or more
according to any one of clainms 1-8, wherein the
reatorom tyess elscpsran 1adi abat ifeatitied Pedntpeactirention
vessel . 20 12. A nethod according to any one of clains
11 8CCNARP &N BhenEgaet NOAL Peaberat @f e3 | s 50D 58p@s and
the partial pressure of the hydrocarbon starting
Fé@F&PoniQZOC@%t®“?l%@am%h@th%tmk?@ﬁ¥ Frofir ity SRR on

%%chbkymore carbon atoms, and separating ethylene
and/or propylene from the fraction C and/cr the
fraction D;, szid method meeting the following
requirements (i) and (ii):
(1) to satisfy AAROMA/P < 13
AAROMA = AROMAout — ARCMAIn

(AROMAIn: percent by mass c¢f arcmatic
hydrocarbon component of 6-8 carbon atoms in the
hydreccarbon starting material at the inlet of the
reaction vessel,

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

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

(1i) to recycle 10-95% by mass of the
fraction D tc the reaction vessel and use it as the

hydrocarbon starting material.



10

20

25

2-10 hr-1. 25 13. A nmethod according to any one of
clains 1-4, wherein a part of the fraction B is used
as a part or all of the hydrocarbon starting materi al
and is contacted with a medi um pore di aneter zeolite
58 containing catalyst containing at | east one nenber
sel ected fromthe group consisting of netals bel onging

t.o Goup I|I.B p_l11B.and Goup VIIIL of the.
ggriodic {a eg%gﬁdaggﬁggﬁ% shphgggép‘gf YPEETHEr &tur e

0f- 680G 5.0% 1.8SSpin £29958QUP, P steéggf’géaw AN,

aromati ¢ hydrocarbon. thod actording to claim

I3 whereissn1 the casg 9t Hshggtao@a%heo% 48 carben
fraction B as a part of the hydrocarbon stgftlng

retetiialy, rbhefigaction Al 10 containing mainly
hydr ogen and hydrocarbons of 1-2 carbon atons which

i7s separ at edmkronut BecbraghyonoAci simaddi therakhy 14seds
as a part of the hydrocarbon starting material. 15. A
et had saccordiengrtotany onel of r&t vt 18d 5:8, t hd Srvher Bbim
a part of the fraction D2 is used as a part or all of
e skydrodanbed stathenpydabvesirabnandarsicgnhactedal .
with a nmedi um pore dianeter zeolite- containing
€at al yst céntafAPAgaacoreasy onecselmchbedwhiremt hbe
%;oup consisting of nmetals belonging to Goup 20 I|1B,
GUPLEI EB aR8 EFGUPTSNERtof 1t heS pdRREYREPtAbLE- and
gonpounds hereof at a tepperature of 650C or less_in
"gaseous %hQEEh?S oBtaAF N AR af oY i eRRyEF och? BB, 178,

herB: MBLNQI,B5E0LdI Ng L0 SLAl M 1D, whereln i
consisting of ZSM-5 type zeolites.

10. A method according to any one of claims 1-8,
wherein the zeolite in the zeolite-containing catalvst
contains a metal belonging to Croup IB of the periocdic
table and contains substantially no protons.

11. A method accerding to any one of claims 1-8,
wherein the reaction vessel is an adiabatic fixed bed
reaction wvessel,

12. 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 0.065-0.3 MPa and the weight hourly space velocity is
2-10 hr .

13. 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-



10

15

20

25

the case of using a part of the fraction D2 as a part
of 25 the hydrocarbon starting nmaterial, the fraction
Cis additionally used as a part of the hydrocarbon
starting naterial.

58
contalning catalyst containing at least one member
selected from the grouv consisting of metals belonging
to Group II3, Group II1IB and Group VITI of the periodic
table and compounds thercof at a temperature of 650°C
or less In a gaseous phase to obtain an arcmatic
hydrocarbon.
14. A method according to claim 13, wherein in
the case of using a part of the fraction B as a part of
the hydrocarben 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.
15. 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 zecolite-
containing catalyst containing at least one selected
from the group consisting of metals belenging to Group
IT1B, 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.
16. A method according to claim 15, wherein in
the case of using a part of the fraction D; as a part of
the hydrocarbon starting material, the fraction C is
additlicnally used as a part of the hydrocarbon starting

material.



