- 1 - SPECI FI CATI ON PROCESS FOR PRODUCI NG LOVER
CLEFINS Field of the Invention The present invention
relates to a process for producing olef ins which
are lower than the raw materials fromol ef ins having
4 to 12 carbon atons, in particular ethylene and :
propyl ene by performng catalytic cracking using a
catal yst. Background of the Invention Ethylene and
propyl ene are inportant nmatdri-als as basic materials
for various chemi cals and resins. Conventionally,

al t hough these ol ef ins have been obtained by thernal
or catalytic crackin cracker, the
production ratio therggF%I%I%gggpgilnately 1: 0.6 and
this ratio becones a cause of a difference in supply
and demand between et hyl ene and propyl ene. Thus, in

recent yeapfockb8 PbRC@ﬁépﬁeﬁnéehéﬁthérﬁF?ﬁéa'”'”9
propyl ene from hydrocarbon raw materials including

olefins having 4 to 12 carbon atons such as butene
and pentene, which are conponents having |ow val ue
in use, is becom pgelfCoeasha@0iNveénPPshant. There
are many processes known for catalytically converting
hydr ocar bon raw materials including ol efins having 4
to 12 carbon atons by use of a zeolite catal yst.
HowEkerpresertasi rbegrt i>n dieflkbites tot a prodese BiNYrRiIcing
and propyl ene stably with high
olefins which are lower than the rawmaterials from olefins having
4 to 12 carbon atoms, in particular ethylene and propylene by

performing catalytic cracking using a catalyst.

Background of the Invention
Ethylene and propylene are important materials as basic
materials for various chemicals and resgins. Conventionally,

- although these olefins have been obtained by thermal or catalytic
cracking in a naphtha cracker, the production ratio thereof is
approximately 1:0.6 and this ratio becomes a cause of a difference:
in supply and demand between ethylene and propylene. Thus, in

. recent years, the process for selectively obtaining propylene

from hydrocarbon raw materials including olefins having 4 to 12-

carbon atoms such as butene and pentene, which are components

having low value in use, is becoming increasingly important.

There are many processes known for catalytically converting

hydrocarbon raw materials including olefins having 4 to 12 carbon

atoms by use of a zeolite catalyst. However, it has been



productivity for a long tine by catalytically
cracking hydrocarbon raw materials including ol ef
ins having 4 to 12 carbon atonms by use of a catal yst
for the reasons given bel ow. For exanple, European
Patent No. 109059 discl oses a process for producing
propyl ene by catal ytically cracking butene by use of
a proton type ZSM5 zeolite (also referred to as an
MFl zeolite) In this nmetho#®, -the reaction conditions
such as |ow reaction tenperatures of 400 and 5000C
and a raw nmaterial feed rate per unit weight of
difeatahyst ol LQf | 6Q_hr: .or np re . :
Hlsed. Howe ergﬁg%n%gﬁygéggo%ggngFaPV%%n%fS%%%f¥aﬂ}th high
rof@keitaty bui-ene;ysgdelfet BiS At i 19h, A
P 100. andyt he Si OZ?ir&ZEil'émen%#a? ré??gl%$lfiegli‘g€hf}1?%
hydeotalhsh resv ASLLLYL RS 1381 NG PEPIEELL 9 v e
becones | arge under tﬁése conéft?ons -qgﬂgggkggﬁéiécarbon
atom$ bpousef 8reacat 1ot Srbh the PRLEH= Sk 1
consequently the rat% of decline in tshe act?v]??yo%f

t heranbeabypl ehemordisedt ghtenthey e1066591di d8 IRk a process
possi ble to use the process for a long tine. European

for Ratcehtciliy ptopPEendi Bpldﬁi%ﬁlﬁiﬂfﬂqgfs&rﬁekingrmﬁ’éﬁé‘%y use
propyl ene by catal ytically cracking butene by use of

of apypinohyppEsMsid kealite. (aldisegientesttadys BAMFI zeolite) .

~ revealed that the silicalite used in this nmethod is

In thiggethkodaviliyg meadiFon tgpelizeiond eswth uet Wox reaction
However, the concentration of the raw nmateri al

temparadieres f 490t prd RBPREdand asrdw gmtasrik00 feedndate per

..under the conditions of the high raw material feed
unit wed ghdy ofinFrtakyght (WBFV stfapypshighsy)s Ghmhicchmore are

Cpi gﬂ pr oductivyity can be achi eved, -
used. “However, since the concentration of the raw material

butene used in this method is as high as 100% and tﬁe SiOZ/A1203
molar ratio of the zeolite catalyst is as lowas 28, the production
of cokes becomes large under these conditions - though there is
no-reference to this in the patent, and consequently the rate
of decline in the activity of the catalyst becomes high.
Therefore, it is not possible to use the process for a long time.
European Patent No. 109060 discloses a process for
producing propylene by catalytically cracking butene by use of
a proton type silicalite. Subsequent study has revealed that
the silicalite used in this method is a zeolite having an MFI
type zeolite structure. However, the concentration of the raw
material butene used in this method is as high as 100%, and under
the conditions of the high raw material feed rate per unit weight

of catalyst (WHSV) at which high productivity can be achieved,



3 the rate of the decline in the activity of the

catal yst is high. Besides, under the reaction

conditions of the I ow tenperature of 500C which

allows the catalyst to be used for a long tinme as

descri bed in Exanples of the patent, the raw materia

feed rate per unit weight of catalyst (WHSV) is as

low as 6 hr-1, and consequently, the productivity in

produci ng propyl ene and etfiyTene is |ow. US Patent

No. 5,981, 819 discloses a process for producing

propyl ene by use of a pentasil type zeolite in the
thepresence thfe dealéneiin tthe akefivdtyawf mitcecbablyedeis high.

the conditions of the low reaction tenperatures of
Bes3dee€, onnfewetheHoreutioni condii siops ocksishe thew raamperature

material feed rate per unit weight of catalyst
of p\IRY) vhichsal bawasthetoatahystl, todhe used fompassidie time

to obtain high productivity in producing propylene
as dagcsihgfehn. E3apphes coPatentpatent Ofde Navw aat3382l feed

di scl oses an exanple of the Proton_type ZSM'5. 1n an
rateeeh| B gt EeRghtarénfataives (W ed =t Bat LpNeas 6 hr™", and

reacti on tenperature was as high as 600C to achieve
Conﬁ?%‘ﬁela%lﬂuc?ﬁ%i Pyodnct hel B stmpPTodueing propyleng and

bed and, there was a precipitation of a |arge anmount
eth%fé%%kkg 1@%r responding to 600 ppmrel ative to the

g A pg L0y P LI AL, (et
propPfihe mF Jil &L pORASEL' Epb"2l0f: 88 i e Predele o
water in the olefin raw material under the conditions of the low
reaction temperatures of 500°C or lower. However, in this
process, the raw materiai feed rate per unit weight of catalyst
(WHSV) is as low as 1 to 3 hr™', making it impossible to obtain
high productivity in producing propylene and ethylene.

Japanese Patent Laid-Open No. 6-73382 discloses an example
of the proton type ZSM-5. In an Example of the patent, it is
stated that the reaction temperature was as high as 600°C to
achieve high productivity on the assumption of a fluidized bed,
and there was a precipitation of a large amount of cokes
corresponding to 600 ppm relative to the total amount of the
supplied raw materials. From this it can be predicted that when
a fixed bed is used, the rate of the decline in the activity of
the catalyst is high. |

In the publications of Japanese Patent Laid-Open Nos.

11-246445 (corresponding to W09929805) , 11-246869



In the publications of Japanese Patent Laid-Qpen Nos.
11- 246445 (correspondi ng to W9929805), 11-246869 - 4
(correspondi ng to W9929802), 11-246870
(corresponding to W0929808), 11-246871 (W0929804),
11- 246872 (corresponding to W00929806), 11-263983
(correspondi ng to W00929807), 11-267510 '
(correspondi ng to W9929421), 2001-26786
(corresponding to W0077122), 2001-31979
(corresponding to W0077123), 2001-31980
(corresponding to WO0100749), and 2001- 40369

cdr&@s}ﬁﬁﬁ@& i nfot oo ¥POIEBP4) 1and algerRPeqp

( 1195424, p%gcesses for prgducing a%ggodSE?Eégggbnhﬁng to

WOSGRHsaig)i, N1 ep gk ene@ilo Ps ogy) £na b6 863t abytieabbiding to
cracki ng hydrocarbon raw material s contai ni ng

woookefsions ;by1usezobia (ppeteBpbiiAenyHto ZReb92E8@TE, 11-267510
di scl osed. According to Exanpl es described in t he

(copakepbading theswosproaesses,2eon Md7aat deystrebpvinddng to
a Si2/A 2C3 nolar ratio of 360 or nore was used,
Wwooand1eke , can @l yai 7 T ackiregppedthiydro wbobuvene) , 2001-31980
proceeded without any fall in catalytic activity over
(cogrespraidang| omd@QPErd G Df, winde20ntdes08he (ebatespdyding to
gentle conditions of the reaction tenperature of
WO08BBE94 Howrer Eurapeses @gfraadestes, 1u%5td4aw pubeesaks for
feed rate -per unit weight of catalyst (WHSV) was as
ProfyGiag 3 Rroducsr renerinidndg sfhylesnu| endhiphopylene by
groductivity was not obtained in the production of
Caty RULEeRELENFLBFERTFe A ONQFARAT | 63  PAteRialseqaaaining
f Patents tgere is areference to controlling the
OLeLRFINE RS b LaAREPYORCONREI YT Ty7 85! Kt Aol selosed.
According to Examples described in the patents, in these
procegses, an MFI catalyst having a §i0,/A1,0; molar ratio of 360
or more was used, and the catalytic cracking reaction of butene
proceeded without any fall in catalytic activity over a certain
long period of time under the relatively gentle conditions of
the reaction temperature of 5506°C. However, in these processes,
the raw material feed rate per unit weight of catalyst (WHSV)
was as low as 30 hr™! or lower, and as a result, high productivity
was not obtained in the production of ethylene and propylene.
Inaddition, in this series of Patents, there is a reference
to controlling the decline in the catalytic activity by reducing
diene compounds in the raw material by means of hydrogenation,
and there is also a reference to the statement that since the

diene compounds cause a reduction in catalytic activity, it is

preferable that the diene compound content of the raw material



di ene conpounds in the raw material by neans of
hydrogenation, and there is also a reference to the
statenment that since the diene conpounds cause a
reduction in catalytic activity, it is preferable
that the di ene conpound content of the raw material 5
be 0.1 w*-* or |ess. For exanple, according to the
description of the publication of Japanese Patent
Lai d- Open No. 11-246871 T{c®rtesponding to
W)9929804), when the di ene conmpound content of the
raw material is 0.5 w% catalytic activity is not
be stabkes andidde yrelkdepbmplepyhessrd Q?@Qﬁié’\"derbcr'ption
time (Conparative Exanple 4 in page 16 and Fig. 8 in
of  phgepdB)ichbibheof Nigpieds Ol e anti MRRAULOMS, 11-246871
there is a reference to the use of a ZSM5 cat al yst
(corvespaudiangeto WO Hozds ey, when tile prieees Tdifidithd deltent
nodi fied MFI catal yst, catalytic activity declines,
of tdml rier mahesiataso® .dvent| feathel yeac bicoedviis ypesfrostmedable
at a little higher tenperature of 600C, the anmount of
and pileei plebd edf cokesylenat deereaseheritdt dl irmmo(ttmpdrative
the supplied raw material is still large at 74 ppm
Exappl et gHe P3ge Bl €19t Hbulgh page aifbunt of
preciEi tated cokes is reduced to sonme extent.
Furtthehe intgmnadiiomadupatent FR0 19948e stheve dara yefarence
c reaction _under the conditions of a high raw materi al
© PR gerdiifit caGgt JonsrahpRgednmh sddyer. In
_therefore jt is inpossible to obtain high . o
the BROREEE: V7139 PR Bt o My PRl ¥R, eaierie activity
decl%%eecsj. ,f 'a %l ler %Qse rréapseonc %Qfdelnt .Ilgntshe.o frehal hiecgn ri%afate!r%grmed
at a little higher temperature of 600°C, the amount of
precipitated cokes relative to the total amount of the supplied'
raw material is still large at 74 ppm by weight, for example,
though the amount of precipitated cokes is reduced to some extent .
Further, it is difficult in this process to carry out reaction
under the conditioné of a high raw material feed rate per unit
weight of catalyst (WHSV), and therefore it is impossible to
obtain high productivity in producing ethylene 'and propylene.
Specifically, under the conditions of higher reaction
temperature, the formation of cokes is accelerated and catalytic
activity falls. As a result, the raw material feed rate (WHSV)
has to be reduced. On top of that, the yield of by-products,
i.e., hydrogen, saturated hydrocarbons and aromatic hydrocarbons
increases, and it is impossible to obtain high productivity in

producing ethylene and propylene. On the other hand, as a result



tenperature, the formation of cokes is accelerated
and catalytic activity falls. As a result, the raw
material feed rate (WHSV) has to be reduced. On top
of that, the yield of by-products, i.e., hydrogen,
saturated hydrocarbons and aromati c hydrocarbons
increases, and it is inpossible to obtain high
productivity in producing ethylene and propyl ene. On
the other hand, as a resuftéG of the nodification,
when a zeolite catal yst having lower activity is
used or catalytic cracking reaction is perforned

of hdefcknei1eapdbhi 0RReaf ol QWBY i ERMRSERIYLE. hat?@ng' ebllr
raw material is not converted adequately, and

actamBupt ief udaaeast edral §wimBLRLELRI nGNEELREESN f@ Performed
consequence, the yield of ethylene  and propyl ene

undbal khe aBfdbtgbnsr edutbivkirt Ye Tﬁéﬁ@tub@ ophai 88dfin raw
Under such conditions, if an o in having 4 to 12

mateatbbn ahotworda®rter] aduguateliyalaridtBypded 8F wihreacted
high rate (high WHSV) in order to achi eve high

rawplgthicia viingretbest. or imta onnstqaekes, ithe gdetliesitetthylene
instead, and as a result, the rate of the decline in

and cgrepyléenre detlihd t wnisdebdgbsphbdhetivityi sammljecbtefined.
the invention to provide a process for producing

Under Hudheoadd tioopy| éfeaedefivdiarinig B bdghe carbon atoms
productivity, in which, in producing |ower olefins

as ‘é}b%p‘ﬁ*‘élf%te@tafﬁlljeﬁesﬁ?ﬁil%ﬁcgpﬂﬂ endlisgdh maite dbiebndBSy) in

%¥ catalytically  cracking hydrocarbons containing
ordef ¢f @CM%&%# d’@‘t‘%ﬁ’d@ﬁ:%at% flﬂ%“@é:é%’f of cokes is

olite,cat S roduct| n he
acce erated fké%égé resu the rate of the decline

in catalytic activity becomes higher.

It is an object of the invention to provide a process for
producing ethylene and propylene selectively with high
productivity, in which, in producing lower olefins comprising
ethylene and propylene as main components by catalytically
cracking hydrocarbons containing olefins having 4 to 12 carbon
atoms by use of a zeolite catalyst, the production of the
by-products such as hydrogen, saturated hydrocarbon, aromatic
hydrocarbon and cokes is controlled, the precipitation of cokes
onto the catalyst is also controlled even when a raw material
containing a relatively large amount of a diene compound is used,
the extent of deterioration of the catalyst over a long time is

small.

Disclosure of the Invention



by- products such as hydrogen, saturated hydrocarbon,
aromati ¢ hydrocarbon and cokes is controlled, the
precipitation of cokes onto the catalyst is also
controll ed even when a raw material containing a
relatively | arge anount of a diene conpound is used,
the extent of deterioration of the catal yst over a
long tine is small. Disclosure of the Invention 7
The present inventors focuséd their efforts on a
study to solve the problens as descri bed above- As a
result, the inventors have devel oped a production
t ectiol gk art 6hvehews shrgbusthyd ner b INOBY &Nfudy to
selectivity, |ow coke accumrul ati on ensuring | ong
soleatdleystolbldls agribddtibdd QBUGEL Vidy a RURNL O OH8GhiveRit ors
t echnol ogy has been successfully devel oped as a
have eeoldl opfed atpdydng: iidieteebhabbgmviidheheatahydh ethylene
cracking reaction which has not been systematically
and ipwarstlggat e Leattilvi tygwloSpeoké i matlmyngld tison eaciirdmg long
nmechani sm for producing ethylene and propyl ene from
catplyst | hsfhavdmy Righh deoderboniatons s
significantly different between using the olefin
( bitHeprofagt hgn 4 eshmisdio gt bas baed sretrgsofelindeveloped
having nore than 4 carbon atons. That is, in the ‘
as aceeUdL PhesIErinG ey Meghapiem ahrtle cadedart ist emecking
car bocatiqns are forned at acidic active sites of )
reaqgtjon Gl hagh doth Peesy 5ySLeRPhd R dNd inyesEdRahed until

i in,is f d. On the
now .\(/)Mt }ﬁgfetcﬁgﬁrggiﬁ%t,t & 223@'@%\gﬁron0|mgt:hggils§1 fggrngroducing

ethylene and propylene from olefins having 4 to 12 carbon atoms
is significantly different between using the olefin (butene)
having 4 cérbon atoms and using olefins having more than 4 carbon
atoms. That is, in the case of the olefins having more than 4
carbon atoms, carbocations are formed at acidic active gsites of
the catalyst and the carbon-carbon bond is broken, with the result
that lower olefin is formed. On the other hand, in the case of
butene, the mechanism can be explained as described below by
reference to the isomerization reaction mechanism of olefins as
reported in Applied Catalysis A: General 206 (2001) 57-66.
Specificaily, in the case of butene, octene is first
produced by dimerization thereof, and this octene forms a more
stable secondary carbocation to finally turn into propylene and
pentene. Since this reaction intermediate is stable, this
reaction proceeds fast. Then, the pentene thus produced

decomposes to form ethylene and propylene. However, since this



but ene, the nechani sm can be expl ained as descri bed
bel ow by reference to the isonerization reaction
mechani sm of olefins as reported in Applied

Catal ysis A: Ceneral 206 (2001) 57-66. Specifically,
in the case of butene, octene is first produced by
di meri zation thereof, and this octene forns a nore

st abl e secondary carbocation to finally turn into
propyl ene and pentene. Sirte this reaction
internediate is stable, this reaction proceeds fast.
Then, the pentene thus produced deconposes to form

reaeét hyh @1oRRA DT 08 UrRNeL 1 HOYEIES 1y HatdR datiismrs Bor ethylene
reaction proceeds via unstable primary carbocations

to Bopreidudeane thico rheeps pdircrd rdahie iat @50l ofrhi Sfurther, the
reaction is low Further, the inventors of the
- invenesestof mientoresdrey dnvede ianshady ®sdeoa téieudy using the
conput ati onal chem stry nethod, and as a result, they
compraivat i oot hi olseini ssoy tsevivdh suppos ta thes@boyechey have
assunption. Specifically, there are a nunber of
obtgingd i wreul ty orlvich i supprert rdw tdkove ors obtRt Ivmg
propyl ene from but-ene. However, since the progress
Speg¥figrohl ¥ eddieonsan f4 apunben ofs regsdricamst ioolved in the
- Oobtaining ethylene and propylene nore selectively, to
reagf il dy CRighir bg (BPRCRWEES dr@bitsiths SowRves, since

catal ytic activity, reaction tenperature, and

the &Fﬂg&é% iHe %‘bcré?llf%ﬁﬁtp’rcé’fserdé‘kﬁ%r%feé& iighsiiRprtant for
raceed,selectively. In_the present_inventjon, a raw,

OBt SFVRES AP S MOBRERIREL bre by oftiprecisely

i 0
conthxao\i' e4 rte(%;tc]‘t‘zzlcg:r{jl rcboq{]diqgi%%ss %Ql%hlg.st %az:%lvgt/ioc activity,

reaction temperature, and contact time to allow prefera_ble
reactions to proceed selectively.

In the present invention, a rawmaterial containing at least
one kind of olefin having 4 to 12 carbon atoms and 10 to 70 wt$
of at least one kind of saturated hydrocarbon having 1-to 12 carbon
atoms is caused to come into contact with a catalyst containing
an MFI type zeolite catalyst at a raw material feed rate per unit
weight of catalyst (WHSV) of 32 to 256 hr ' at a reaction
temperature of 400 to 580°C under a reaction pressure of 0.05
to 2 MPa, and the ratio by weight of pentene to propylene in the
reaction pr‘oduct fluid is preferably controlled to 0.20 to 0.80.
As a result, the production of by-products such as hydrogen,
saturated hydrocarbon, aromatic hydrocarbon and cokes and the
precipitation of cokes onto the catalyst are controlled even when

a raw material containing a relatively large amount of a diene



of at |east one kind of saturated hydrocarbon having
1 to 12 carbon atons is caused to cone into contact
with a catal yst containing an M-l type zeolite
catalyst at a raw material feed rate per unit weight
of catalyst (WHSV) of 32 to 256 hr-1 at a reaction
tenperature of 400 to 580C under a reaction pressure
of 0.05 to 2 MPa, and the ratio by wei ght of pentene
to propylene in the reacti dn “product fluid is
preferably controlled to 0.20 to 0. 80. As a result,
t he production of by-products such as hydrogen,
congriutrdtied Jyed, 0 catd ahe rarfamat it ghy dledeaithen tandneb kesih
and the precipitation of cokes onto the catal yst are
progbnttriotitad oéverhwhene and gwopstlencabndontlainy rgtalyst life
relatively large anount of a diene 9 conpound is

is ggedireahd therefore high selectivity and high
productivity of ethylene and propyl ene and a | ong
catalyst life 1is ensured. Brief Explanation of the
Drawi ngs Fig. 1 shows changes with tine in the butene
conver si on Bahaft Repypergieon efhyhenBrandngsopyl ene
production in Exanples 9, 10 and 1. The graph
conﬁé&tlﬁgSFﬁHﬁbﬁgéﬁgﬁépWé%EnF%mExhﬂptﬁe outene ¢prpRrsion

: necti uares represents Exanple 1Q, and the
andgnghY?:%ﬁ%éﬁ i ead gﬁP@éféﬁf@ BXaAprEien in Examples

o, SHIhEr:. (hE. 4ppelinSt, qraph shous, Lhe somversion of oy
9, g#og%( r% cc?ﬁ]xgecgthieng osmc/fhramesst r%rae%e%ho x&ﬁ%leyiS', dand the
graph connecting circles represents Example 1. Further, the

uppermost graph shows the conversion of butene, the middle graph

shows the yield of propylene, and the lowermost graph shows the

yield of ethylene.

Best Mode of the Invention

According to the present invention, ethylene and propylene
. can be selectively obtained mainly from the olefin components
by catalytically cracking the raw material containing at ‘1east
one kind of olefin having 4 to 12 carbon atoms and 10 to 70 wt%
of at least one kind of saturated hydrocarbon having 1 to 12 carbon
atoms by use of a catalyst. Surprisingly, the inventors of the
present invention have found that by using such mixed rawmaterial
of _olefins and saturated hydrocarbons, the production of _ cokes
is controlled, and consequently the decline in catalytic

activity is also controlled. Further, they have found that even



Best Mbde of the Invention According to the present
i nvention, ethylene and propyl ene can be selectively
obtained mainly fromthe ol efin conponents by
catalytically cracking the raw material containing at
| east one kind of olefin having 4 to 12 carbon atons
and 10 to 70 wt% of at |east one kind of saturated
hydrocarbon having 1 to 12 carbon atons by use of a
catalyst. Surprisingly, thad nventors of the present
i nvention have found that by using such m xed raw
material of olefins and saturated hydrocarbons, tre
., Pr ction of cokes is controlled .and _consequent
with] BRECkR P o F RS SrobPattiieg Ty fona S 00 b Hndune o

ecT i ne T h
th f hat - 10
o aE0RL S oI s N SIULIE! B Manyor
' ¢ . oo ni , o
is ¥t gghg%¥% %%ek@gﬁagegg%ﬂ?gﬂg%ﬁ%g%ﬁﬁ%é&ig%é%?gtggactlv1ty
is LOASAMRILhY e BRELLOE, | &AL YhiCrAGthdidYial Rontains
al so controlled. Further, even'if the raw materia

hyd£8GéR] Nehe MHEERGEHN; ol NeE REQIE BN 1 LRIEH 108N BE kewise .
controlled likewise. In this case, the partia

Tn gHieSedke Ot hBYsl pgea igrdy At aH MylPogan! AOGS-Herbhy in
to 0.9. According to the invention, exanples of the

a raned ol havithg 049to0 12 carbon atons in the raw
material to be used include 1-butene, cis-2-butene,
t r dnsrc@diuigene, the daveand onl - peatghes o shé-mmhaving

trans-2-pentene, 2-nethyl-I-butene,
4 toZ22neahiybr 2tbomsene £h-mest gk elribilitteriee ueyd Opehtdmae -butene,
1- hexene,

cis-2-butene, trans-2-butene, iscbutene, 1-pentene,
cis-2-pentene, trans-2-pentene, 2-methyl-1-butene,
-2—methyl~2—butene, 3-methyl-1-butene, cyclopentene, 1-hexene,
2-hexene, 3-hexene, methylbutenes, dimethylbutenes, neohexene,
cyclohexene, methylcyclopentene, linear heptenes, branched
heptenes, cyclic heptenes, methylcyclchexenes, and linear,
branched or cyclic olefinsg having 9 to 12 carbon atoms.
According to the invention, the content of saturated
hydrocarbons having 1 to 12 carbon atoms in the raw material to
be used is 10 to 70 w%, preferably 10 to 60 wt%, and more preferably
20 to 50 wt%. Under the conditions of the invention, the
conversion of such saturated hydrocarbons should not occur, but
surprisingly, if the content of these saturated hydrocarbons in
the raw material to be used is lower than the aforesaid range,
the rate of the deéline in catalytic actiVity becomes high.

Examples of the saturated hydrocarbons having 1 to 12 carbon atoms



2- hexene, 3-hexene, nethyl butenes, dinmethyl but enes,

neohexene, cycl ohexene, nethyl cycl opentene, |inear

hept enes, branched heptenes, cyclic heptenes,

nmet hyl cycl ohexenes, and linear, branched or cyclic

ol efins having 9 to 12 carbon atons. According to the

i nvention, the content of saturated hydrocarbons

having 1 to 12 carbon atons in the raw material to

be used is 10 to 70 w4 préflerably 10 to 60 wt o ,

and nore preferably 20 to 50 wto. Under the

conditions of the invention, the conversion of such
- r (o} n d no r, . ;
e A R DT b EEi i Dtyape. 1inear,

0 \WY) - b

b e R e | THRe 1 ar e ar) ACckf 1 iiane.

1ineatal ptd foracd iaﬁiitésgm(? MRS tAneN. 11 APLeS nehed8nd cyclic

saturated hydrocarbons having 1 to 12 ‘carbon atoms -
octide .| NGd WRMRIRARE ot@lchaRBanPERPSNE o R AN & ydrocarbons

i sobutane, [inear, branched and cyclic pentane,
suchi 8¢ MenhFdnC hed @it @ k§1kexatie 1ikdedly BY aEiedned.
and cyclic heptane, linear, branched and cyclic

oCt Aer heS, GRIRARENS tot hte thasntbhesge, i AN« compounds
hydr ocarbons such as benzene, toluene and xyl ene the
contakeedsin hdhecoawanaedri&lirtdére vaedoxk nydmddrbon dienes
i nvention, the diene conpounds contained in the raw
havimg értall2t cafeon stdmar end ydiyocanbain diieres dhane ngnPounds
to 12 carbon atonms and nmay contain |inear diene
suck oap e diendt ab, Drivpeaieere . 11 3 Buttadlians,
1, 3- but adi ene, 1, 2-pent adi ene, 1, 3-pent adi ene,
1,2jggn?ﬁ§&%&ﬁeﬂeg—pggt@@ygﬂgdgm#—pentadlene,2,3—pentadiene,

1,2-hexadiene, 1,3-hexadiene, 1,4-hexadiene, 1,5-hexadiene,
2,3-hexadiene, 2,4-hexadiene, 1,2-heptadiene, 1,3-heptadiene,
1,4—heptadiene,'1,5—heptadiene, 1, 6-heptadiene, 2, 3-heptadiene,
2,4-heptadiene, 2,5—heptadiene, 3,4-heptadiene, 1,2—octadiéne,
1,3-octadiene, 1,4-octadiene, 1,5-octadiene, 1,6-octadiene,
1,7-octadiene, 2,3-octadiene, 2,4-octadiene, 2,5-octadiene,
2,6-octadiene, 3,4-octadiene, 3,5-octadiene and the like;
branched diene compounds such as 2-methyl-1,3-butadiene,
3-methyl-1,2-butadiene, 2,3-dimethyl-1,3-butadiene,
2-ethyl-1,3-butadiene, 3-ethyl-1,2-butadiene,
2-methyl-1,3-pentadiene, 3-methyl-1,3-pentadiene,
4-methyl-1,3-pentadiene, 2—methyl—1;4~pentadiene,
3-methyl-1,4-pentadiene, 2,3-dimethyl-1,3-pentadiene,
2,4—dimethyi~l,3-pentadiene, 3,4-dimethyl-1, 3-pentadiene,

2,3-dimethyl-1,4-pentadiene, 2,4-dimethyl-1,4-pentadiene,



1, 2- hexadi ene, 1, 3-hexadi ene, 1, 4-hexadi ene,
1, 5- hexadi ene, 2, 3-hexadi ene, 2, 4-hexadi ene,

1, 2- hept adi ene, 1, 3-heptadi ene, 1, 4-heptadiene,
1, 5- hept adi ene, 1, 6-hept adi ene, 2, 3-hept adi ene,

2, 4-
1, 2-
1, 5-

hept adi ene, 2, 5- hept adi ene, 3, 4- hept adi ene,
octadi ene, 1, 3-octadiene, 1,4-octadiene,
, 5-oct adi ene, 1, 6-octadi ene, 1,7-octadiene,
2, 3-oct adi ene, 2, 4-oct adi-er1e, -2, 5- oct adi ene,
2, 6-oct adi ene, 3, 4-octadi ene, 3,5-octadi ene and the
i ke; branched di ene conpounds such as
_ hyl 514,35 Leng, thyb- .25 i ene,
2 “‘%tg?%. Let h?%"%&% o “é%‘g?%z-mé% hi&?}-%al&g%%t adi ene,
_ yk-1,.2- i enes _ hyl » 1, 3- _ i ene,
N mg?ﬁg?h%f%lggg%%ﬁggﬁie%e?gtﬁ§%e¥hilﬁgfgggéﬁghdiene,
2-métAPLDY! 2L ndzpedAd] eDenet By 8L Nyl ndx4apaRd adi ene,
2,3-di et hyl -1, 3- pent adi ene; ,
4 -ndc Uy Ul ieh hybed g BeRENt A0h&PRy1 -1, 4-hexadiene and the like;
- 3,4-di nethyl -1, 3- pent adi ene,
and 2cpcli sedtwhe lodnpaticdsli £86h as cyclopentadiene,
2,4-di met hyl -1, 4- pent adi ene, 12 -
1-mek el dyd 1 dpehhexad elitene; nethythylSydiexadiene,, 3-diene,
4- met hyl - 1, 3- hexadi ene, 5-nethyl -1, 3- hexadi ene,
5 -meZe et dyd L dp «n treexiad -ehissna3- nef Ity dl dhdyadidirane ,and
4- et hyl - 1, 4- hexadi ene, 5-nethyl -1, 4- hexadi ene and
1, 4 t¢ecl oheradiant cy dbiweveirene iooep suclls coupbnests may cause
cycl opent adi ene, 1-nethyl cycl openta-I|, 3-di ene,
an updggi pbdgcdesddmeain cat@ilamaic activity, the content thereof
. 5-met hyl cycl opent a-1, 3-di ene, 1, 3-cycl ohexadi ene, and
1s profexalrlbhekatiets. Yafifov arorsprat aigdd Yo dnpdrteis less.

ms%: cause ' . . .
xamples of the rawmaterial having such components include

the fractions (raffinate-1) obtained by removing by extraction
butadiene from the fractions (crude C4 distillate) which are
obtained from the top of the debutanizer to which C1 to C3
fractions separated from a mixture obtained in a naphtha thermal
cracker or in a naphtha catalytic cracker have been transferred,
or an olefin fraction obtained by catalytically hydrogenating
_the total amount of the C4 fractions selectively without
extracting butadiene from the crude C4 fractions so that the
content of the diene component is 2 wt% or less, or the fractions
(raffinate-2) obtained after separating isobutene from
raffinate-1, or the fractions which are obtained from the bottom
after removing by extraction isoprene from the fractions obtained
from the bottom of the debutanizer {(crude C5 fraction), oxr an

olefin fraction obtained by catalytically hydrogenating the



~an undesirable decline in catalytic activity, the

content thereof 1is preferably 2 wto or less, nore

preferably 1 wo or |ess. Exanples of the raw

mat eri al having such conponents include the

fractions (raffinate-1) obtained by renoving by

extraction butadiene fromthe fractions (crude 4

distillate) which are obtained fromthe top of the

debut ani zer to which d to @3 -fractions separated

froma mxture obtained in a naphtha thermal cracker

or in a naphtha catalytic cracker have been
totaansiqnitedr tRE @9 QLMD fraction. obtai ned by

catal yti-call'y hydr oger‘?atell%éls %%%e‘fgf‘é‘?i?éﬁﬁ&hoﬁ epfiract ing
butddieme tfens thel 86HENQhY Y extracting
a but adi ene fromthe crude git’f@?% i ThETES th&t Comeent of the
lemhtemponbnthias diwne ccormanept. ._or less, or '
N the fractions (raffinat e-Z)B%bﬂt%f %%%tf%ﬁlt ctions obtained
Y separ @t ngl d fob uteng: {0 BotAHd P Le war .91, Lhe
L C{racti ons which are obtai ned from% hecaﬁglcl(Y&ﬁwca&flﬂ’er
Yd@gsviand ngyseke catte 0P theops e ahs o0t the f racti ons )
apo0btained fromthe bottom of the de utola}ﬁF%%%%Pﬁt&&’é‘SWhlch

Cpiracei o coe ab ol ek daetign optajed BY oo o
ErafhLEl framton feben o bRt BopL o

neg el i aVob0Qihe & X,{ aC

C:i:abigt adi ene fromthe crude C5 fractions so tgha%ﬁgwéa thermal

CORT it 6% 2t meohthe ea oiypoire otraicke? WSe %e%r?%‘?t’an%rferr d
Wit}%lge olef in fractions obtained by , or an olefin srred

A tT TP tchithe @5y acktiany birtall gnbys@gengs i rom th

afof'é%fﬁ%itv |y the total amount of the fractions R s
are o ta‘ﬁi_r%d FOHY I £bp SrarhioutepentianitZ @hd @ontent of

the Vﬁﬁéﬁb %on'ttp%n%Snt is 2 wt% or legs,

These raw materials may be used singly or in a mixfure
thereof formed in an arbitrary ratio. The raw materials are not
limited to those asg described above, any raw materials can be
used as long as they contain olefing having 4 to 12 carbon atoms
and 10 to 70 wt% of at least one kind of satﬁrated hydrocarbon
having 1 to 12 carboﬁ atoms.

As for the Catalyst used in the im}e_ntion,, an MFI type
zeolite catalyst is employed. An Si0,/A1,0; molar ratio of the
zeolite isg usually from more than 120 to 5000 (inclusive)
preferably from 200 to 5000, more preferably from 280 to 5000
and particularly preferably from 280 to 2000. If the S10,/A1,04
molar ratio is less than those ranges, catalytic activity becoﬁmes
too high. Thus, the precipitatién rate of coke is high at the

temperature range in which cracking reaction takes place




fractions separated froma mxture obtained in a

naphtha thermal cracker or in a naphtha catalytic

cracker have been transferred wthout renmoving by

extraction butadi ene and i soprene fromthe aforesaid

total amount of the fractions so that the content of

the di ene conponent is 2 wta or |ess. These raw

materials may be used singlyy or in a mxture thereof

formed in an arbitrary ratio. The raw materials are

not linmted to those as described above, any raw

materials can be used as long as they contain olef
therpedipemhgadlyo agyapspperuat rsandn§uighesmpgentdeve is a

at | east one kind of saturated hydrocarbon having 1
ProPieTzl% YU et iorghens therca bl ¥si IS sepeséedly uped. For

.i.nvention,, an M{l type zeolite catalyst is .
thigEPoyeR: AHCS EAPAAEO:nBPLAY BT 600 St Ret desirelle. On

i s usually framnore than 120 to 5000, (i nhcl usive), )
the SIS D1 1 nk BB Ll 005, TAORE TR h &b ohegnis this

00 nd p fcularly preferably from 280 tao
ran%ooﬁg“? PR, FRE el Ve e, Bt sPas 81 PRt Tesult
hose |yt ctivity. becanes_,tqo high

tha‘grhus, c% ﬁgggfr%gcﬁgpl g[\éifou%m%a ¢ 8% ToREH Cﬁitﬁﬁygg I?‘Flelonger'

and | EhPEL ALK e?]ﬁ@ﬂg[goigrm@:lf o C{ fckd Gﬁ&&%i I, akes
Y,

pl ace 14 thernodynani callTy advant ageous and

f urddier AR bope ééolaiteoegpégg.lr:é n taﬁégﬁﬁ££5¥afffu%gﬁqgable

catalyst is repeatedly used. “thi's reason
procid2 /A2 BBl ahtealed §So/)ol g8%dal) 84t m&? e used as

other hand, if the Si02/A12Q8 nolar ratio is higher

it itshabuthits is possible to obtain it by using the methods known
to the public in which zeolite having a composition falling
outside these ranges is used as the rawmaterial. Inother words,
it is alsopossible to convert a silica zeolite toa silica zeolite
" having a higher 8i0,/Al,0; molar ratio by means of the
dealumination of a commercially available product having a low
Si0:/A1,0; molar ratio. Steam treatment, treatment with silicon
tetrachloride, and treatment with hexafluorosilicate and other
methods as described in, for example, Catalysis and Zeolites,
Fundamentals and Applications (J. Weitkamp, L. Puppe Eds.,
Springer, 1999}, pp. 127-155 can be quoted as examples of the
dealumination method mentioned above.

Many of the commercially available products of the MFI type
zeolite contain sodium or ammonium as cations, but any of them

can be used in the invention as long as it is subjected to the

- treatment as described below. Specifically, a zeolite exchanged



range, the nunber of the active sites decreases with
the result that the catal yst cannot function as an
acid catalyst no longer, and therefore such nolar
ratio-is also undesirable. For the MFl type zeolite
catalyst, a comrercially available product having an
i ntended Si 02/A12G8 nolar ratio may be used as it
is, but it is possible to qgtqin it by using the
met hods known to the publi € in which zeolite having
a conposition falling - outside these ranges is used
as the raw material. In other words, it is also
withgagiopian aebenveds traftiddat 506/°%Cteven Sahmits cior example,
zeolite having a higher Si02/ Al 203 nolar ratio by
SO Hahnsl ofls fauded dmteathenpoptancbyimer chmad| then is used as
avai | abl e product having a |low Si02/ A 203 nol ar
3 RSt SpEafpt RNt AEMLACkERG MORCEATh sPhi glom other hand,

rachloride, and treatment w th _hexafluorosilicate
an ”@f% té’?ﬁeFEOﬂé#ﬁo‘a%Wa%g Fedetibagtiad, 1ppp enahpe sodium can

e SRR S S 2o g e o
- . .127-15 .b t |l es of the

to R EHRIAS: (5 “HAERod iR P OHEEE At 0 Rk Tof (RES in an
abm&oqn?{)c’lt?%l \&lié %II%tEE%du taﬁl?rqoﬁfﬂj;lgx? E&N{f::rgfjf)éeega}trated,

zeol Ite contaln sodiruamor a I
,Qn as long as

wasHY Rfa Hem ey Wetddr d t}%rj %Vgl%ﬁflesc'ri bed. bel ow.

it is subjected to the treatnent "a _ _
SpeghbkCahky af%réglghltti%n%éc PRy @ggéS zer&QFaQE‘BEWQL is
cations is treated at 500 C over hours, tor

requaX@@Pke, beSackbalk,l kol aciWiBedebDi Pt BE-REALLA LYPE metal
and then is used as :

ions, in addition to the proton type zeolite, can be used for

the zeolite. Specific examples of the metal ions include IB group
metals such as Cu and Ag as monovalent metal ions, and alkaline
earth metals such as Mg, Ca, Sr and Ba, rare earth metals such
as La and Ce and transition metals such as Fe, Ni, Mn,Co and V
as polyvalent metal ions. These may be present at the same time
in an arbitrary ratio with proton. In this case, all of the
exchange capacity of zeolite may be replaced by the
aforementioned proton or the aforementioned metals. However,
if the activity is too high, part of the exchangé capacity may
be replaced by an alkali metal such as Li, Na, K or the like in
an arbitrary ratio, so that acidity is lowered. However, if the
ratio of the alkali metal in the exchange capacity exceeds 90%,
acidity becomes too low, and therefore it is preferable to make

the ratio no more than the range as described above.



a catalyst for catalytic cracking reaction. On the
ot her hand, an M-l type zeolite having al kali netal
ions such as sodiumcan be used after it is turned
into the proton type by a nethod known to the public
in which it is stirred at 60C for 6 hours in an
about 1 to 10% aqueous sol ution of ammonium nitrate,
filtrated, washed and then treated at .500C for 5
hours. Since the aforenentioned MFI type zeolite
catalyst is required to be acidic, an acidic zeolite
exchanged with netal ions, in addition to the proton
t ypBozadia M1 tunebecobite f omest kenzedhiihg. aSpéit fdlements
exanpl es of the metal ions include IB group netals
SUCh gh Pasn @LGHEL Y tas thermgves est mept ivnedrmhowndan be used.
al kaline earth nmetals such as My, Ca, Sr and Ba,
In thig @feh the achtanh ofad ts anafesabhy neahess igmn that
netals such as Fe, Ni, Mi, Co and V as polyval ent
of REPLPN| BhsOthPesBeraY BRtiPRSchR BeIRmeOSafelefme in
roton. In this case, all of

e B idind Fal el She shask i ity the
catp (a4 A ISP XL "R s, £ L€ GoH Gsd pacanples
of fott MEcRORIANGETARE Mo 10°FniER BFSERY SF the proton
eyp@ R A8 cobi ot dilifa BT (e LA BHETSE HINEST weons

by i<BARAGIIHARXCRRIP0H0Ana %lcllngfﬁéfdb e%ﬁCﬁ QD Ao?n\ﬁoﬁ?rig of the

therefore’it 1Is preferable to ma e ratio-no

salt AN R IBNeF ahdles it @boMe inprlmated in the MFI
zeolite.

For the MFI type zeolite catalyst, those which contain B,
sn, Ga, Mn, Fe and Ti as a tertiary metal other than Si and Al
in the skeleton of the MFI type zeolite structure according to
a method known to the public may also be used for the purpose
of controllingactivity, improving selectivity, controlling coke
production and controlling the rate of the deterioration of the
catalyst.

The MFI type zeolite catalyst can be subjected to steam
treatment by a method known to the public before it is used. For
the treatment method, preferably the temperature ig 500 to 750°C,
the steam pressure is 0.1 MPa to 1 MPa, and treatment time is
10 to 48 h. Further, the aforementioned treatrﬁent may also be
rerformed after shaping the catalyst by a method as described

below.



. o di ¢
| type zeolite, ones containing aci
EFEHLESSNFsucﬁpaS Pin addition to Fhe ones ?ﬁe
nmenti oned above can be used. |In thlﬁ Cafﬁét e
content of P is preferably no less than that  of @ .
proton or other netal cations in ternms o .

[ [ ts into the
d for incorporating these elenents
gg: gloyst a met hod known to ,}he public is enpl oy_ed.h
, clude a nethod in whic

Exanpl es of such nethods ih zeolite are exchanged

the proton type I _

\?\A’r?t otn?]eor:ati ong of the netal atons by ion-exchange

netﬁ%& Fho* afRt hered ncabathst tonppLNG ofntdie, ﬁgﬂétor in
ex of these elenments is inpregnated In the

0] l ] i a t .
2ny\et AL PR desit e mgﬁw pespen f1e 108} SkYBIMET zeolite

i in B _
obthl08g§ oI £h,contaln 1t gt Iops B o essdnt 18] ke et one; o
ter%lar ﬁ%?ﬁ? ?ﬂgTite structure according to a
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[l1Lng activity, OV
obtMHAPHEy BL ALY cik repebducts dn asd but in order
sel ect1 Vi ty, 00ﬁ¥f81#+§%?he detgnioration of the

O P o PP e 185 B ol e asiend bt mogTbe 11 1ed atter
catalyst: The Creat ment by a method known £o

it i&ﬁ@lﬁ@éﬁﬁﬂl@e@ E)L%EH: {”E?:g‘ 52%&&19& whigh igeatment to the
the public : is 500 to 750C

cataigthed crﬂ&ﬁﬁﬁ{q?bév){cfl hg.at %n%%%{:%rgaﬁa)r & alwstmertall .
the steam presSsure 1s O. af or enent i oned

Furtheémaocics, ttlirlraa bﬁglégggg.eﬁq{pegggvprer%g%&ﬁ% lzegpréﬁier@athbyst may
be m:':;}ggecgltwng]h laysgnﬁéﬁfﬁﬁg aéeﬂﬁs‘fﬁkgggr) which does not change
the catalyst performance, and then be shaped. a representative
example of the sintering agent is a silica system, but in addition
to this, the sintering agent may be selected from among
alumina—based, titania—based, zirconia-based and diatomaceous
earth-based agents.

Sintering is breferably carried out in 4 range of 500 to
800°C. Further, examples of the form of shaped articles thus
obtained include tablets, extrusions, pellets, spheres and
microspheres, CDS extrusions, trilobes, quardlobes, rings,
2-spoke rings, special spoke rings such as HGS, EW and LDP, rib
rings and granules,

According to the invention, catalytic Ccracking can be used
in a reactor in any types such as a fixed bed reactor, a fluidized

bed reactor and a moving bed reactor. However, the type of

Yeactor is preferably a fixed bed reactor whose equipment ig



bel ow. 17 The aforenentioned catalyst is filled into
a reactor in any of the forns described bel ow.
Specifically, the MFl zeolite obtained by
hydr ot hermal synthesis is essentially in a fine
powder state. The fine powdered MFlI zeolite catal yst
thus obtained may be filled a fixed bed reactor as
it is, but in order to preuent a pressure |loss from
increasing, it may be filled after it is physically
mxed with a filler which is inert to the catalytic
ch as a.silica ball or, an al ym na

. ' ball. . _.
SRR e R Y R R & e FoudeP S AR ool Y 1111 ing
sucint R T e e by Aon 4RGeS Rl G &y drocarbon raw

d h be. shaped. A tative . .
ma e B S B Bl e B ERE o B P il i enis
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el ecte rom UM na-based, ani a-

preéiéé@?! ébﬁéﬁéﬁlé‘@daé“?éé’gffﬁé&s ef£&);t h-based agents.

intering Is preferably carried out in a range of 500

t 0 REDOG orf Wehpeha t §¥8MPL €510k ol e 4fo? 1 afg osiapg&*—ef,erably

articles thus “obtained I nclude tablets, extrusions,

480 ped | ®E o9 C 5 phed G hrdESFISPREL 5, + LBF o I Uge@B$4 on
tril obes, quardl obes, rings, = 2-spoke rings, special

temseokieure N@&esUERan: HdS® rEVgardid DRt 8é9irdbN8oatilise the
granul es. According to the invention, catalytic

convgrmEiompLaridbinsepplied lowers at such lower reaction
temperature and consequently sufficient productivity is not
obtained in the productio:ri of ethylene and propylene. On the
other hand, if the reaction temperature is higher than those
ra_ngés-, the rate of the production of cokes accelerates, and the
rate of the decline in catalytic activity becomes high.

Reaction pressure is set to be 0.05 MPa to 2 MPa, preferably
0.05 to 1 MPa, and more preferably 0.05 to 0.5 MPa.

The feed rate of the total raw materials per unit weight
of the MFI catalyst (WHSV) is at least 32 to 256 hr™*, preferably
40 to 256 hr™', and more preferably 40 to 128 hr'*. If the feed
rate of the raw materials (WHSV) is lower than those ranges, the
pentene content of the resultant reaction product fractions
becomes low, and furthermore the rate of the decline in catalytic
activity is controlled to some extent. However, in this case,

the yield of hydrogen, saturated hydrocarbon and aromatic

hydrocarbon increases, and high selectivity and productivity in



in a reactor in any types such as a fixed bed
reactor, a fluidized bed reactor and a noving bed
reactor. However, the type of reactor is preferably
a fixed bed reactor whose equipnent is 18 sinple.
Catal ytic cracking reaction is carried out by filling
such reactor with the catal yst and supplying the
hydrocarbon raw material- gantai ning olef ins to the
reactor. In conducting this catalytic cracking
reaction, the reaction conditions are precisely

bed bel ow. Reaction tenperature

the BRGIRC ORS00 6L Seb Erdh PFCENIRRG S4S0nDE GBbLRed. On
che P EaPa ) AP hiR T Hoetr ohr et U e S b e Taw
matGEERHP bR LOMTRSVP tnelnd, Gl e i S grsts . the
o Ot e e

suc?ﬁ@gmdi{igﬁg gf@cﬁ5gg?égg?§%'ig[e i s hi gher than

ose ranges, ther e production of cokes

accgt grat eSonand d BRackal ey i lé%téeshglggiél}%aéd%or ormultiple

catalytic activity becones tron pressure 1s

reaf@rd 0 @ Barbdclifart 0iR tYR2 caRicehberdll i pPe ORd@ drs, the
MPa, and nore preferably 0.05 to 0.5 MPa.” The fee

readtaidn aforidiet Al cadr@VbaBt & t 18 51 REMmdid tp Mk Gdd 1y Ofy
the MFI catalyst (WHSV) is at least 32 to 256 hr-1,

instrEfaiateactrd ciSbeites, angthere phetekaklakedd it o
128 hr'1. If the feed rate of the raw materials

insyalAV)g ireakctwers thapatadsel | angeslythe cracking operations
are performed in one reactor while regeneration is carried out
in another reactor. Switching the reactors for these operations
makes it possible to maintain a constant production volume.
Under such reaction conditions, maximum selectivity, yield and
productivity of propylene are achieved, and the production of
cokes which causes a fall in catalytic activity can be controlled.

According to the method of the invention, the weight ratio
of pentene to prépylene is set to be usualiy 0.20 to 0.80,
preferably 0.25 to 0.80, and more preferably 0.30 to 0.80 in the
reaction product fractions at the outlet of the reactor.
Furthermore, in the case of installing multiple reactors in
series, the weight ratio of pentene to propylene is set to be
usually 0.20 to 0.80, preferably 0.25 to 0.80, and more preferably

0.30 to 0.80 in the reaction product fractions at the outlet of

the first reactor.



pentene content of the resultant reaction product
fractions becones |low, and furthernore the rate of
the decline in catalytic activity is controlled to
sonme extent. However, in this case, the yield of
hydr ogen, saturated hydrocarbon and aromatic

hydr ocar bon i ncreases, and high selectivity and
productivity in 19 the preggduction of ethylene and
propyl ene are not obtained. On the other hand, under
the reaction conditions such as the raw materia
feed rate (WHSV) being hi%hef than those ranges, the
r at B Sttheie WorsBucinofabh Irbkescheehing Trafieron amd number
therefore such conditions are not preferable. In

of RRFLIGE WRse atesraraifderanthgroceedcabrtis same time
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reaction conditions, maxinumseléctivity, yi'e

of rBnedusll ¥ty ohe F?i{(rﬁ?}ﬂ!rgﬁg%@ﬁ.@ AL %\ﬁf%deaachl@f the first

production ‘of cokes” whi causes a farl 1rn catalytic

react@r \Gdty dRRHRE niAiiAld eda AR dif2G sha dd1e 1R thRednes

of the invention, the weight ratio of pentene to
posgitipyheng wilsetot GoRee s Wrldty o ERe i WmBlerial supplied
bi/ carrying out the reaction in the second reactor under severer
conditions.

On the other hand, in the case of using a single reactor
alone, olefins having 4 or more carbon atomg including pentene
are separated from the reaction product fractions and recycled
to the catalytic cracking reactor so that they can be combined
with a new raw material and used again. It is also possible to
‘use these olefins having 4 or more carbon atoms in a naphtha
cracker after they are separated and combined witrh a new naphtha
raw material. |

In the present invention, a rawmaterial containing at least
one kind of olefin having 4 to 12 carbon atoms and 10 to 70 wt$
of at least one kind of saturated hydrocarbon having 1 to 12 carbon

atoms is caused to come into contact with a catalyst containing

an MFI type zeolite catalyst at a raw material feed rate per unit



preferably 0.25 to 0.80, and nore preferably 0.30 to
0.80 in the reaction product fractions at the outl et
of the reactor. Furthernore, in the case of
installing nultiple reactors in series, the weight
ratio of pentene to propylene is set to be wusually
0.20 to 0. 80, preferably 0.25 to 0. 80, and nore
preferably 0.30 to 0.80_ig;the reaction product
fractions at the outlet of the first reactor. 20 1In
ot her words, in catalytic cracking reaction, a nunber
of reactions whose rates are different proceed at the
Welgﬁﬁeoflﬁ%tahESHeéUHﬁBédOEb%%etoa%ﬂGth@ ‘detompashtidnn
pent ene_whose |low reaction rate is |ower than
temB?ﬁéFu%a%ﬁ.‘b% t3 28nt¢ gmder B oAt ieximgssuld ©f 0.05
s it possible to control undesirable accunmul ation

to %#“Pgokeg dlie detskt ey Ihb Habmdione $Aspappylene in the
act|V|t for a sufficientl long tinme. In
rea?ﬁémeﬁ dugt i ihrc Rt bHed SR pzry%ﬁ?l RrR0 1 & 2 ReSult,
f th t t t h I tipl
the ot %?tsf%sqillrsééﬁrwﬂf%%%o%é@?“ap%ﬁa ity as'-%;m%aeted
f
hvd%%#@?oﬁ% arOACs S B A A i onder
preéfﬁﬂaerflorPSEdé&]fé’é‘%nt@”tﬁé%a? g:[sthéﬁne?f: Eﬁg@ﬁﬁé ve& when

usi n e reactor

a ra{w ‘En%t%%rlg‘incéh‘eg‘inlﬂgjd Eldfé‘?apf@é (f;‘ﬂ glagﬁ%@ rat;hgcg.g'[ 2 g%d 2o diene

fromthe reaction pr racti

com%%lﬁlc}: f]itesgﬁétéé Gt G- d A i g0 dNUc B F AP Righ
productivity of ethylene and propylene and a long catalyst life
is ensured.

The invention will be explained in greatér detail below

by using Examples, but the invention is not limited those

Examples.

Example 1:

Commercially available powdery ammonium salt type ZSM-5
(8102/Al1,0; molar ratio of 280) powder was calcined at 550°C over
5 hours. After calcination, compression shaping, crushing, and
sieving were carried out to obtain a catalyst having a particle
diameter of 250 to 500 um.

For reaction, a fixed bed flow-through type reactor (inside
diameter 10.7 mm, length 250 mm) was used. 0.125 g of the catalyst,
and quartz sand and quartz wool as a support were filled in a

quartz tube so that the total length becomes 250 mm. This quartz



with a newraw material and used again. It is also
possible to use these olefins having 4 or nore
carbon atons in a naphtha cracker after they are
separated and conmbined with a new naphtha raw
material. In the present invention, a raw materia
containing at |least one kind of olefin having 4 to
12 carbon atons and 10 to 70 wt % of at |east one
ki nd of saturated hydrocarg n having 1 to 12 carbon
atons is caused to cone into contact with a catal yst
containing an MFl type zeolite catalyst at a raw
tubgavesildadesednridie nerctm t tR¢ tewpaptwfe odt ahgsdatalytic
(WHSV) of 32 to 256 hr-1 at a reaction tenperature
bedowagopaintsgneiuateb58°Ceatheofi4 pfegstienofa®. @5terbal C
2 MPa, and the ratio by weight of pentene to
obt3iggdl biensphtha cregkingn(Pralbect) fwas dsypplied at a flow
controlled to 0.20 to_0.80. Asa result, the
ratgr g1/ apyl pasadatd csaEpchingysragehon et nerfprmed
hydrocar bon, aromatic hydrocarbon and cokes and the
unaBE L PRRERL PR SE IR ST & PRS- cAL3F J6R chien broduct that
controll ed even when _a raw material containing a

FLOVELartyefds I (R aimEht 1012 SIS Uorhsoit e semlyzed
oy 858 N5F S8 bl gsrERay LY 1 i ah product fuiy
 EES S IR Ut S B e, e

supﬂ)ﬂy%‘f IRco) E:%Lwnﬂ&tLairgiatlewégo§€op1§é(&%c?§:he temperature of
the catalytic bed was lowered to 450°C. After one hour from the
stop of the supply of the raw material, the combustion of the
accumulated cokes was started with air diluted with nitrogen.
Until the combustion of the accumulated cokes was finished, the
supply of air was continued. Hydrogen, carbon monoxide and
carbon dioxide, which were formed through combustion reaction
were analyzed by means of gas chromatography, and the weight of
the produced cokes was calculated from the weight of these
produced gases.

Conversion rate of the rawmaterial and yield of the product
were calculated by the following equations:

(1) Conversion of butene (%) = (1 - (weight of unreacted
butene/weight of supplied butene)) x 100

(2) Yield of product (%) = (weight of each produced
component /weight of supplied butene) x 100

(3) Yield of cokes (PPM) = (total weight of produced



Exanpl e 1: Commercial |y avail abl e powdery anmmoni um
salt type ZSM5 (SiQ2/A 238 nolar ratio of 280)
powder was cal ci ned at 550C over 5 hours. After
cal ci nation, conpression shaping, crushing, and
sieving were carried out to obtain a catalyst having
a particle dianmeter of 250 to 500 m For reaction, a
fixed bed flowthrough txp§3rqactor (inside dianeter
10.7 mm length 250 nm wa$used. 0. 125 g of the
catalyst, and quartz sand and quartz wool as a
support were filled in a quartz tube so that the
cokesy abthényehgbecofresugbDiewth bithese fuart z060 2200 t ube
was | oaded in the reactor, the tenperature of the
cat Bhgt Fesubles afstimimadinboh ard50@wt hiem @eble 2. The
fraction raw material C obtained by naphtha cracking
resyulhp| endicake Hhpplderr a0 hdlow pradmafiv ty/ durethylene
and catal ytic cracking reaction was perfornmed under
and PreRcteRm e shivdned én e5sihle Thanneiact iFarther, since
product that , flowed out was maintained in a gaseous
the fiefhod ia whdchnirs 26k 1d P indAespepdyaed cokes was low and

th chgonato raghg. After performng reaction for a
© GPEGECET T RELCYPHDY FREPUShEBRY TOr IMRIRanimaal papsrated
the catal ytic bed

oy A PG AT TIPS e B A it
unadfi5 SRR oL LICoTay 0L Sl e onystion oL ARG o

accu
smalgli(ﬁ(xre _gg\%ggr%e?ﬁ%%ke%?ec{aﬁrg 'i;%u%%%p:tgfi Lhg. aceynul fa:ta%glyst is

used repeatedly, its life gets longer.

Comparative Example 1:

Catalytic cracking réadtion was performed under the same
conditions as in Example 1, except that the raw material C of
Example 1 were changed to n-butene raw material. The results
are shown in Table 3. Under these conditions where the raw
material containing no butane which is saturated hydrocarbon was
used, the reaction time in which stable productivity of ethylene

and propylene was obtained was only 20 hours.



supply of air was continued. Hydrogen, carbon
nonoxi de and carbon di oxi de, which were forned

t hrough conbustion reaction were analyzed by neans
of gas chromat ography, and the weight of the
produced cokes was cal cul ated fromthe weight of
these produced gases. Conversion rate of the raw
material and yield of the product were calculated
the follow ng equations: ( Conver si on of butene (
= (1 - (weight of unreacted butene/weight of
supplied butene)) x 100 (2) Yield of product (o) =
(weirghi.eol each produced conponent/wei ght of
suppl i ed butene) x 100 (3) Yield of cokes (PPM =
(t ofainpeel ghon o f pravducade2Balsokes/ t ot al wei ght of

by
0)

suppl i ed butene) x 1I,00D, 000 Theresults of the
reaction are ghawn in Thsvwe 2. ThRawr esul t|{®awndi cat|gaw
that over 90 hours, proguctivity of ethylene and
propyl ene was |[obtei el Jvatesitadbl eapeniel | mEgettied, material
since the netthod in whjch the yileld of the producdd
cokes was | owjAnd the kes wer ¢Crenpved |By E
combustion, the amount of heat generated by the
Comp@BERET on_of |¥He cokes was smal| and the amount of
undesi rabl e vapor causijng the detierioratidn of the
Sau¥afsdt was |smaller. [Therefore| it can He expectéd
h hat as the catalyst ig used repeatedly, [its life
YYePAYPRRr . _Conparativie Exanpl el
Methane 0.1 0.0 0.0 0.0 0.0
Ethane < 0.1 0.0 0.0 0.0 0.0
Propane < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
iso-Butane 3.3 5.8 4.5 10.6 15.6
n-Butane 14.6 24.4 35.3 33.2 45.5
Pentane 0.2 0.3 0.2 0.1 0.1
Total for 18.4 30.6 40.0 43.9 61.2
saturated
hydrocarbons
Olefins
trans-2-Butene |18.4 24.3 20.6 23.0 7.6
1-Butene 22.4 17.9 18.3 16.3 20.5
iso-Butene 12.3 13.1 0.3 3.2 3.6
cis-2-Butene 27.3 13.3 20.5 12.8 5.2
Total for 80.4 68.6 59.6 55.3 36.9
butenes




Catal ytic cracking reaction was perforned under the
sane conditions as in Exanple 1, except that the raw
material C of Exanple 1 were changed to n-butene raw
material. The results are shown in Table 3. Under

t hese conditions where the raw material containing
no butane which is saturated hydrocarbon was used,
the reaction tine in which _stable productivity of

et hyl ene and propyl ene was obtai ned was only 20
hours. 24 - Table 1 Conposition of raw materials Raw

Raw Raw Raw Rgw At eri all nateri almateri af _materi gl
Propyvéenael A B|C.D E Conponents w@®biSat ur afoed. 0.1

hydrocarbons [Methane 0. 1 0. 070.0[0.0 0. 0 { Ethane
1,8-Bubafiéné 0./0.049 Propanel< 0. o 0XL 1 <oQab < 0./a.075

< 0.1 1i1so-Bufjane 3.3 5.8 475 10. 6 156 nFpBurane
Othdrs 24.4 35.3133.2 45.5|0Pentane{0.2 0.3 .2 0.1 0118

Total "fTor 18.4 30.06 40.0743.9 61 ¢ sSaturated
Total 100.0 100.0 100.0 100.0 100.0

Table 2
Example 1
Reaction Catalyst H-ZSM-5 (Si0;/Al1,0, 280), Rawrmateriai
conditions C (saturated hydrocarbons 40.0 wt%),
temperature 550°C, WHSV 64 hr™', pressure 0.05
MPa
Reaction time |4 i2 20 30 42 154 |66 |78 84 20
(hr)

Conversion of [76.5 |74.9 [75.1 |76.3 |69.8|72.5]66.4]65.5 |70.1 [68.¢

butene (%)

Yield (wt$%)

Hydrogen 0.10 |0.08 [0.11 |0.09]0.06}0.05(0.05(0.03 [0.04 {0.05
Methane 0.43 10.3310.48 (0.41|0.28(0.2410.23|0.18 {0.26 |0.28
Ethané 0.54 |0.40 ]0.61 [0.53|0.32|0.26(0.24 0.13; 0.27 (0.28
Propane 4.7 3.5 4.7 |4.22.7({2.2|2.0]1.3 |1.9 |2.0
Butane 2.3 0.1 4.2 {1.0(2.5{3.0(3.110.9 3.2 4.1
Ethylene 10.1 8.3 |10.439.217.3}6.516.0/4.8 (6.0 (6.2
"|Propylene 31.4 '[30.7 {33.2 [30.5(32.0{30.0(31.3[28.9 |29.5 [32.2
Pentene 9.5 10.0 (9.8 9.4 |11.5(10.6j12.5|12.4 |10.7 l12.6




hydrocarbons d efins

i so-Butene 12.3 13.1 0.3 3.2 3.6
80.4 68.6 59.6 55.3

trans-2-Butene 18.4 24.3 20.6

23.0 7.6 1-Butene 22.4 17.9 18.3 16.3 20.5
ci s-2-Butene 27.3

13.3 20.5 12.8 5.2 Total

36.9 butenes -

25 Propylene 0.1 0.1 0.1 0.1 0.1

1, 3-But adi ene 0.045 0.11 0.051 0.49 0.075 Ohers 1.2

0.7 0.3 0.3 1.8 Total 10
Tabl e 2 Exanple 1 Reaction
(Si 02/ Al 23 280),

100

Raw mat eri al

conditions C

100.0 100.0 100.0 100.0
talyst HZSM5

(Sat urat ed nyg@rocarbons] 40. 9, Jrenperayure po0C
VEISvr 6dohe - 1, (pr.esqure @706 |1dvRal Redqood.iv¢ry . bj1we1 41824 [19.
20 30 42 54 66 78 84 90; (hn) Caonverfsion of [76.5 74.9
asniaven3t 68s8 72. 3 66.4 65i5 70.1 ©8.6| butene (%
Yield (W%
Aromatics 5.1 5. 3.012.7|2.6}1. 2.4 |2,
Cc’?Jke 35 PPM
Table 3
Comparative Example 1
Reaction Catalyst H-ZSM-5 (Si0,/A1.0; 280), raw
conditions material n-butene, temperature 550°C,
WHSV 64 hr'*, pressure 0.05 MPa
Reaction time |2 8 20 (26 (32 |44
{hr)
Conversion of ([79.1(78.0 68.6|57.4]41.6 .3[14.5
butene (%)
Yield (wt%)
Hydrogen 0.18[0.13 .05l0.03|0.02(0.01[0.01
Methane 0. 0.37 .2210.16]0.13(0.11}0.09
Et_hane 0. Q.37 .18|0.09|0.06{0.04(0.03
Propane 4. -3.3 6 10.75(0.30(0.11|0.04
"jButane 6. 5.3 9 12.8 2.0 .3 |0.8
Ethylene 10.318.9 .8 [3.3 |1.6 .7 10.3
Propylene 28.1127.5 29.1|24.8|17.5}9.7 |4.3
Pentene 8. 9.1 12.2]12.7(10.6}6.9 (3.5
C5 or more 16.6{15.7 17.5|]16.1|12.417.8 3.8




Hydrogen 0.10 0.08 0.11 0.09 0.06 0.05 0.05 0.03 0.04
0.05 Methane 0.43 0.33 0.48 0.41 0.28 0.24 0.23 0.18

0.26 0.28 Ethane 0.54 0.40 0.61 0.53 0.32 0.26 0.24
0.17 0.27 0.28 Propane 4.7 3.5 4.7 4.2 2.7 2.2 2.0
1.31.9 2.0 Butane 2.3 0.1 4.2 1.02.53.03.10.9
3.2 4.1 Ethylene 10.1 8.3 10.4 9.2 7.3 6.5 6.0 4.8
6.0 6.2 Propylene 31.4 30 ; 33.2 30.5 32.0 30.0 31.3
28.9 29.5 32.2 Pentene 9.% 10.0 9.8 9.4 11.5 10.6
12.5 12.4 10.7 12.6 - 26 C5 or nore 17.2 17.1 17.7
16.3 186 16.7 1IP. 0 I8. 1 6.4 [19. 1T nonfaromati Cg
Anomatiromatid¢s4. 0 5.4 4.613.0 2.7 2.6 1|7 2.4 2.6
(Joke 35 PPM Tabl'e 3 Gonpafati Vg EXanpl ef I Rgacti¢n
Gatrefmgsticst ZSM 57(.Si (2L A pO3t 2803, |Taw |[icanddt #oNS. 18
mat eri al n-butene, tTenperature 550C VWHSV 64 hr-T,
Eekssure 0. 05 dO0Re&®PMi on time 2 8 14 20 T6T32 38 44

(hr) Conversion of 79. 1780 745 68.6 57.4 41706 206.
14.5 butene (% Yield (W% Hydrogen 0.18 0.13 0.08
0.05 0.03 0.02 0.01 0.01

Examples 2 to 4:

Under the same conditions as in Example 1, except that in
Examples 2 to 4, the raw materials as listed in Table 4 were
respectively used, the raw materials containing 18.4 wt%, 30.6
wt% and 61.2 wt¥% of saturated hydrocarbons which were mainly
butanes were subjected to catalytic cracking reaction. The
results are shown in Table 4. As compared with Comparative
Example 1, it can be seen that the yield of the produced coke
was reduced by half and the reaction time in which stable
productivity of ethylene and propylene was obtained lengthened
sharply from 20 hours to 42 hours only because the raw material
contained 18.4 wt% of saturated hydrocarbons. Example 4 is an
example showing an example of the catalytic cracking of the raw
material having the saturated hydrocarbon content of as high as
61.2 wt%. Although the operation was stopped after 100 hours

from the start, the decline in catalytic activity at this point

was low.

Table 4

Examples 1 to 4 and Comparative Example 1



Met hane 0.46 0.37 0.27 0.22 0.16 0.13 0.11 0.09

Et hane 0.45 0.37 0.26 0.18 0.09 0.06 0.04 0.03
Propane 4.2 3.3 2.4 1.6 0.75 0.30 0.11 0.04 Butane
6.3 5.34.53.92.82.01.30.8 Ethylene 10.3 8.9
7.5 5.8 3.31.6 0.7 0.3 Propylene 28.1 27.5 28.5
29.1 24.8 17.5 9.7 4.3 Pentene 8.8 9.1 10.6 12.2
12.7 10.6 6.9 3.5 G or myre 16.6 15.7 16.7 17.5
16.1 12.4 7.8 3.8 27 - non-aromatics Aromatics 7.1
5.7 4.4 3.3 1.9 1.0 0.47 0.18 Coke 103 PPM Exanpl es

2 to 4: Under the sape conditipns as Tn[EXanple I
except thatjCompaExanflixeamplet @ {Exadne g ayErmtele al $Examnple 4
listed in Table 4 wefe respectively used, the rayw
materials goataining; 18.4 wt%|30.6 w % and 61.2{wm %
of saturated hydrocarbons which were nmajnly butanes
wer e subj e¢kxampbechf al ytic crpcking reaction. The
results arg¢ shown in Table 4. As conpared with
Reactimpar at i veCatmbypt eH425N+15 c bl G/ AdeOn 280k, ttenpemdire
of the produced coke was reduced by half and the
condigdenfon titel % WHSH &t dbie. PredaerevPt §5ofPa
et hyl ene apd propyl éne was obtjai ned | enfjt hened
Raw gRbepiglfr RN our|d to 42 hofrs only Because thiE
raw materi gl contaijned 18.4 wt % of satprated
Satuggfedcar boffs. Exanpl|é844is an [30-6 40.0 61.2

hydrocarbons

(Wt %)

Reaction time |2 20 14 42 4 58 4 20 4 100

(hr)

Convergion of {79.1 68.6|77.1}(68.5 77.0 166.4 |76.5 [68.6- [77.0]{72.8

butene (%)

Yield (wt%)

Hydrogen 0.18 [0.05{0.14(0.06 0.14 [0.05 |0.10 [0.05 {0.11|0.06
Methane 0.46 [0.22]0.50(0.36 0.56 [0.28 [0.43 [0.28 [0.35|0.33
Ethane 0.45 |0.18|0.55(0.39 0.68 |0.26 (0.54 [0.28 [0.50{0.44
Propane 4.2 1.6 [5.2 [2.1 5.3 |L.9 [4.7 |[2.0 (4.6 |3.8
. |Butane 6.3 3.9 {5.0 (2.1 3.3 1.7 [2.3 (4.1 1.7 (2.3
|Ethylene 10.3 (5.8 |10.1{6.4 "i11.1 [6.2 |[10.1 |6.2 2.1 |8.9
Propylene 28.1 ]29.1(30.7{30.5 31.4 [30.5 |31.4 (32.2 [32.1[31.3
Pentene 8.8 12.2(9.5 {12.5 9.2 {11.9 [9.5 |[12.6 |[9.2 10.4
C5 or more 16.6 [17.5]|16.5]17.6 17.2 [18.0 [17.2 [19.1 |[18.6[18.1

non-aromatics




exanpl e show ng an exanpl e of the catal ytic cracking
of the raw material having the saturated hydrocarbon
content of as high as 61.2 wt% Al though the
operation was stopped after 100 hours fromthe
start, the decline in catalytic activity at this
point was |low Table 4 Exanples 1 to 4 and
Conparative Exanple 1 28 _ arati Exanple 2 Exanple
3 Exanple 1 Exanple 4 ve anple 1 Reaction Catalyst
HZSM5 (Si 2/ Al 238 280), tenperature conditions
550C WASV 64] hr- L, pressufe 0705 NPa Rgw materiats
ABunenecA B C B . 1Satiarateds (3 18]al 803604050162 [4.2]3.4
hydrocarbons ((Wi-.) Rgaction [Ine 2204424584
COPe4 100 (hripoComrer silen eiM 782l 181 6 T35 lpB8. 5 7. Ppm
66.4 /6.5 68.6 77.0 72.8 butene (% Yietd{w%)
Hydrogen 0.18 0.05 0.14 0.06 0.14 0.05 0.10 0.05 0.11
0.06 Methane 0.46 0.22 0.50 0.36 0.56 0.28 0.43 0.28
Exa@Qp36£053Bo 6 and Comparative Example 2:

Under the same conditions as in Example 1, except that in
Examples 5 to 6 and Comparative Example 2, the reaction
temperature was set to be 500°C, WHSV as listed in Table 5 was
used and the raw material D was used, catalytic cracking reaction
was performed. The results are shown in Table 5. As shown in
Example 5, it can be seen that under the conditions where the
raw material feed rate per unit weight of éatalyst (WHSV) was
as high as 128 hr™*, the weight ratio of pentene to propylene was
0.5 or higher. Under these conditions, the production of the
cokes was extremely small. However, as shown in Comparative
Example 2, under the conditions of productivity being controlled,
i.e., the value of WHSV being as lowas 8 hr™*, the yvield of pentene
decreased, but on the contrary, the yield of undesirable
by-products such as saturated hydrocarbon, aromatic hydrocarbon

and coke increased sharply.

Table 5

Examples 5 to & and Comparative Example 2

Example 5 [Example 6 [Comparative

Example 2




Et hane 0.45 0.18 0.55 0.39 0.68 0.26 0.54 0.28 0.50
0.44 Propane 4.2 1.6 5.2 2.15.31.94.72.04.6 3.8
Butane 6.3 3.9 5.0 2.13.31.72.34.11.7 1.3

Et hylene 10.3 5.8 10.1 6.4 11.1 6.2 10.1 6.2 9.1 8.9
Propylene 28.1 29.1 30.7 30.5 31.4 30.5 31.4 32.2
32.1 31.3 Pentene 8.8 12.2 9.5 12.5 9.2 11.9 9.5
12.6 9.2 10.4 C5 or nore 16.6 17.5 16.5 17.6 17.2
18.0 17.2 19.1 18.6 18.1 non-aromatics - 29
Aromatics 7.1 3.3 6.6 3.56.8 3.05.1 2.6 4.2 3.4
Coke 103 PPM 57 BPM 52 PPM 35 PPM 26 PPM EXanples b |
t o |BeaatdiGonpar at Coea Exani -2 - Unde0./ he,®amso) , raw
condi tions as in|Exanple 1, except that in Exanples
5 t{goBdahdo@snpar laatme1£1<ampl saturdthed risattéomrbons
tenperature was 4et to be 500C, WHSV as listed in
Tahl e 5 was used4an withe .rzapritaiued SDORES pisETiure
catlal ytic crackirg reaction was perforned. The
reqults are showmVi% ™PAre 5. As shown in Exanple 5,
it|can be seen that under the conditiohs where the
raW ey eft Bl ) f eedl 3Bt e per (ARt wei ght|8%f catal yst

( was as high agq 128 hr-1, [the weight [ratio of
pel 3P pridByiEne w43 0B or [ABghel® Ung®# these
con, itions, the produdtion pf th cokes was
ex Iv smal |l . Howeuer, abk sho in Conpafative
_Ex%ggb unde the qondi tj ans o¢f propucti ity being’
coftBIg7eH-on | ° 73 - 4 1RB- Fa|8Fe “of 7 HBVBHefngP B | ow

asg%ggn ()he y el d of pen}ene

Yield (wt%)

Hydrogen 0.04 (0.03 §0.14 J0.11 j0.42 |0.33
Methane 0.10 j0.06 ;0.36 {0.31 (1.4 1.2

Ethane 0.12 |0.06 [0.61 [0.52 |2.6 2.3

Propane 2.0 2.7 (7.4 |6.5 [20.7 {17.a
Butane 0.4 0.4 1.7 1.8 2.8 2.1

Butene 1.5 1.1 4.1 2.0 1.2 5.0

Ethylene 4.8 2.8 |8.1 |8.0 |[B.2 (7.4

Propylene 25.6 |22.7 |21.0 |24.8 (15.9 |14.9
Pentene 13.2 j13.5 [8.3 8.8 2.5 2.9

C5 or more 21.5 §21.9 §17.6 |19.8 |13.2 [14.3
non-aromatics

Arcomatics 2.3 3.01 (6.3 7.2 J19.4 [19.3

Cokes 11 PPM 33 PPM 1206 PPM




decreased, but on the contrary, the yield of
undesirabl e by-products such as saturated
hydr ocar bon, aromati c hydrocarbon and coke increased
sharply. Table 5 Exanples 5 to 6 and Conparative
Exanple 2 Exanple 5 Exanple 6 Conparative Exanple 2
30 Reaction Catalyst HZSM5 (S 2/ Al 2CG3 280), raw
conditions material D (saturated hydrocarbons 43.9
W %, tenperature 500C, p“re%lsu're 0. 05 MPa WHSV
(hr-1) 128 32 8 Reaction time 7 43 7 43 8 44 (hr)
Conversion of 73.4 70.8 82.9 78.3 88.6 89.0 butene
Exaffidl eYi7el deplti¥e Hpttiagea &i04/0108 Go0ldr0ritid. 42 500
0.33 Methane 0.10 0.06 0.36 0.31 1.4 1.2 Ethane _
0. 1Pn@e@6tBe Glande 52n2iG 1203 aBr bpahendb e A.,7 ekcépb. bhat in
20.7 17.4 Butane 0.4 0.4 1.7 1.8 2.8 2.1 Butene 1.5
thig Example,Qan . MFB. fkolite catalyst having a $i0,/A1,0: molar

ratio of 500 was used, catalytic cracking reaction was performed
for 137 hours. The results are shown in Table 6. Use of the
zeolite having a high Si0,/Al,0; molar ratio made it possible to
perform reaction 1.5 times or more than in Example 1 where the
MF zeolite catalyst having a Si0,/A1,0, molar ratio of 280 was
used, without any substantial decline in the productivity of

ethylene and propylene.

Table 6

Example 7

Reaction Catalyst H-Z8M-5 (8i0,/Al;0;, 500),

conditions rawmaterial C {saturated hydrocarbons
40.0 wt%), temperature 550°C, WHSV 64
hr™*, pressure 0.05 MPa

Reaction time |6 36 72 108 137

(hr})

Conversion of (75.1 77.9 (72.1 |70.3 |67.7

butene (%)

Yield (wt%)

Hydrogen 0.07 0.06 (0.07 |0.04 {0.03

Methane 0.25 [0.23 0.24 0.17 |(0.14




Ethylene 4.8 2.8 8.1 8.0 8.2 7.4 Propylene 25.6 22.7
21.0 24.8 15.9 14.9 Pentene 13.2 13.5 8.3 8.8 2.5
2.9 C5 or nore 21.5 21.9 17.6 19.8 13.2 14.3
non-aromatics Aromatics 2.3 3.01 6.3 7.2 19.4 19.3
Cokes 11 PPM 33 PPM 120 PPM - 31 Exanple 7: Zeolite
having a Si 2/ Al 2033 nol ar ratio of 500 Under the
sanme conditions as in Exa}n?ée_l, except that in this
Exanpl e, an MFl zeolite catalyst having a Si Q2/ Al 2Q3
nolar ratio of 500 was used, catalytic cracking
reaction was perfdrnmed [for 137 hourp.  The[results

ar elE¢hewe i n Tabl §0631Use.p# tjlbe2lze®|.i1t'7e TAVINg a
high STO2/AIZG3 nglar rgii 0 nade it possibje to
perPoopeneact i on 1358t i nés5or |@Aoke tjram i njExanple 1
where the "NMF zeollite cdtalysti] having a Si (27 A208
nol @uteati o of 28Q0was |Bsed, |W.thou.any Ruhlistanti al
decline 1h the prgducti ity off ethyffene apd

pr gephghenceTabl e §11Exanplel7 |React ijonoCat gl .yost

H 4SM 5 (S Q2T Al 2 500)[, corjditions raw jrateriai C
( sdPucpyédnhydr ocasbohs {3d010 |8£2%, [Banper@ource 550C,
VHSV 64 hr-1, préssure|0. 05 NPa '

Pentene 11.6 (12.2 [10.5 |12.0 |12.7

C5 or more 16.7 118.5 17.4 |[19.3 [19.3

non-aromatics

Aromatics 4.4 3.2 3.7 2.4 2.8
Coke _ 32 PPM
Example 8:

This Example represents an example of the repeated use of
the catalyst. In Example 1, catalytic cracking reaction was
performed, and the combustion of the produced cokes was carried
out. The catélyst was held in the reactor, the raw material was
supplied under the same conditions as in Example 1 to restart
catalytic cracking reaction, and after reaction, the combustion
of the produced cokes was performed under the same conditions.
These Qperations were repeated 6 times, and as a result,

deterioration of the catalyst was not observed at all.

Examples 9 and 10:

Under the same conditions as in Example 1, except that in



Reaction tinme 6 36 72 108 137 (hr) Conversion of
75.1 77.9 72.1 70.3 67.7 butene (% Yield (W%
Hydrogen 0.07 0.06 0.07 0.04 0.03 Methane 0.25 10.23
0.24 0.17 0.14 32 Ethane 0.31 0.24 0.21 0.17 0.19
Propane 3.8 3.5 2.5 2.0 2.3 Butane 0.9 2.5 1.0 2.3
1.4 Ethylene 11.7 11.1 8.4 9.0 7.9 Propylene 31.3
30.1 32.4 31.3 30.9 PenLe§g 11.6 12.2 10.5 12.0 12.7
C5 or nore 16.7 18.5 17.4 .3 19.3 non-aronmatics
Aromatics 4.4 3.2 3.7 2.4 2.8 Coke 32 PPM Exanpl e 8:
This Exanpl e represents an exanple of the repeated
Exaypéesfd aphd Ocatlae yaw mpheEkahy kating athal utediene content
cracking reaction was perforned, and the conbustion
of Bf5} el odutet corarRegivelr Wbdchowes Theataed|ysrdding
s held in the reactor, the raw materi al was

wa
but3diene el erffe? 1¥RS safed corriF1} BHS srack ampracaiqn was

per%gﬁégg} The results are shown in Table 1. As compared with
Example 1 in which the butadiene content was 0.05 wt%, the yield
of propylene was obtained stably for 60 hours or longer even if
the butadiene content was 1.1 wt%. Further, the yield of the

produced cokes increased only slightly to 37 ppm and 40 ppm.



catal ytic cracking reaction, and after reaction, the
conbustion of the produced cokes was perforned under
the sane conditions. These operations were repeated
6 tines, and as a result, deterioration of the
catal yst was not observed a4 all _ Exanples 9 and 10:
Under the sane conditions as in Exanple 1, except
that in - 33 Exanples 9 and 10, the raw naterial C
havi ng t he butadi ene content of 0.51 and 1.1 wt >,
Clgiggpecti vel y, which was obtai ned by adding but adi ene
thereto, was used, catalytic cracking reaction was
performed. The results are shown in Table 1. As

dw Wh h.the b di .
confenbios! r gl Siaed Dl hhO by ’ﬁ%%gtﬂymﬂv |
cr gpitng 8?12%&51%@1 ¥avtr ﬁ{aﬂggﬂ ngfﬁrd& (;Iefhﬂ%glgsre o?yt%ﬂajyfst,

ne content was . Further e’'yle

pnscla% foglsl%auaﬁ c®BGIeRs aﬁ&ﬁfo%?ﬁﬁé’w@ﬁﬁh)&o ?’E@pr ¥ t@a@aaa&g by

ppm 34 “Clains 1. A process uci ng.

uS@(i)ﬁf daBiSysh @“ﬁdﬂro&zﬂ@ﬂn themhaWarmhRh icadtsinb it (6@l shyking aF bi¥fin
cracki ng a hydrocarbon raw naterial including olefin

hatiytg 4se 1 Dfarborcatiab ysd 10 w0t % f ableagirone B@l df eiturated
produci ng et hyl ene and propyl ene which conpri ses
hyé@pmbyn hedhg ¥ totxakbangtdrys alpsrewohatgrialdeeasl gt pea unit weight of
drocarbon raw material which contains at | east one
ca YﬁWHTIS%)I PP B 23040 i eaqtion femperpiyemolA08 isS8d u&@ertao
70 wt % of g} Iea§ ne kind of s tur ted h) drocar
TeaqueR H’ij‘ssl“ ¢ gt P te 011 8 YRR I tYPe

zediftt Sl ¥k B W PlatBlaria S b f2&6°RY?%g63 4 é?r%medm

the reaction product fractions at the outlet of the reactor is 0.20 to 0.80.

2. A process as claimed in claim 1 for producing ethylene and propylene,
wherein the 5i0:/ Al:Os molar ratio of the MFEI type zeolite catalyst is from more than

120 to 5000.



reaction pressure of 0.05 to 2 MPa in the presence of

a catal yst containing an MFI type zeolite catalyst,

wherein the weight ratio of pentene to propyl ene

whi ch are contained in the reaction product

fractions at the outlet of 4de reactor is 0.20 to

0.80. 2. A process as clainmed in claim1l1 for

produci ng et hyl ene and propyl ene, wherein the

Si @2/ A12G3 nol ar ratio of the MFI type zeolite

cat & pdarogess gsrdpinas reclaigphor 2 $g predwpgpethygne and propylene,

process as clai ned | laim1 or 2 for_producing. .-
whrgiy ﬁ@ﬁ@nfﬁﬂbofﬁ?m?%ﬂ@r%m PRIV tedAtEReD gioms in the raw

at ur d ocarbons having 1 to 12 carbon atons in
, H“%HEHFg&ﬁoﬁg%g%1a| is 10 to 60 W% 4. A process as

cl aj ] L B laam31 Lar | |.ene
and4n§ 5%%?%%%% egrel f#%% re%c??%ﬁﬁgg#%égg?ﬁ%gggfg :
préﬂg@r@%ﬁéﬂéﬁ"ﬂ the Fh8§6 B El%‘nﬂ'g Of i1 C%%C Cra\'éldnéis%g ¢F5R-C.
as clainmed in any of cFalnB 1- 3 for producting
et hyl afBo@BSasiBRY @lhy oMiRi®S 1- BIer hradchabaylihe hAW
mat eri al per unit weight of catalyst (WHSV) iS 40 to
prajyferier wherein. thé\fepd edte sraasmatesinlnied uhit waipht of catdlgdt WHEV) is
5 for producing ethyl ene and propyl ene, wherein at
40 teZéthrdne kind of olefin contained in the raw
material is an olefin having 4 to 8 carbon atons. 7.

A pPoldgecessasdlamad i ay fslpins 1 cpdppgroducing efhgjene and
produci hg et hyl ene and,. propyl ene, wherein the _. )
Pr%l,ﬂa{?%&ea‘t’ SFe\A ﬁ%&%ﬂﬁ dolatizi Gyatmed 1 s rrynaigal i af) olefin

hadh & sgtu%ated hydr ocarbons having 1 to 8 carbon

P 0 TN BPBess as clainmed in any of claims 1 - 7
for-pr [ . . py! | %
or [EAPHFLA S BLEN ATk PRY, B BrodiNGE BlDrchy hdt

propylene, wherein the saturated hydrocarbons contained in the raw material are

saturated hydrocarbons having 1 to 8 carbon atoms.
8. A process as claimed in any of claims 1 -7 for producing ethylene and

propylene, wherein 2 wit% or less of diene is contained in the raw material.



