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LONER OLEFINS Field of the Invention The present
invention relates to a process for producing olefins
which are I ower than the raw materials fromolef 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 materials as basic materials
for various chem cals and resins. Conventionally,

al t hough these ol efi ns have been obtained by thernal

or catalytic cracking,. cracker, the
production ratio therg%éﬁﬁﬁhﬂgggﬁﬂiinately 1: 0.6 and
this ratio becones a cause of a difference in supply
and demand betmeen et hyl ene and propylene Thus, in

recent yeargynd ggoca &%Hﬁ;el qﬂé i ni ng

propyl ene from on raw nmaterra s |nc udi ng
ol efins having 4 to 12 carbon atons such as butene
and pentene, which are conponents having |ow value in

use, is becom ng IPRUERAYSNHN ITHRYHBY,, 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.

Howemey priclschas iBeeAtiocd rdistésutd 4 pii@BICEor producing

et hyl ene and propyl ene stably with high productivity
oldfinawhany dieRobgradizal yheaahd wateAtki8F rom 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 prdpylene are important materials as basic
materials for various chemicals and resins. 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 i.fl use, 1s becoming increasingly important.
There are many processes known for catalytically converting
hydrocarbon raw materials including clefins having 4 to 12 carbon

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



hydr ocar bon raw materials including ol efins having 4
to 12 carbon atons by use of a catalyst for the
reasons gi ven bel ow. For exanple, European Patent No.
109059 di scl oses a process for produci ng propyl ene by
-catalytically cracking butene by use of a proton type
ZSM5 zeolite (also referred to as an MFl zeolite)
In this method, the reaction conditions such as | ow
reaction tenperatures of 400 and 500C and a raw
material feed rate per wunit weight of catalyst (WHSV)
of as high as 60 hr-1 or nore are used. However,
since_the concentration of the_raw material butene
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butene used in this method is as high as 100% and the Si0;/A1,0;
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 rawmaterial feed rate per unit weight

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



as described in Exanples of the patent, the raw
material feed rate per unit weight of catal yst (WHSV)
is as lowas 6 hr-1, and consequently, the
productivity in producing propylene and ethylene is
low. US Patent No. 5,981, 819 discloses a process for
produci ng propylene by use of a pentasil type zeolite
in the presence of water in the olefin raw nateri al
under the conditions of thed3ow reaction tenperatures
of 500C or |ower. However, in this process, the raw
material feed rate per unit weight of catalyst (WHSV)
as | ow
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Vm9929806) 11- 263983 (correspondi ng to W9929807),
watldr 26V 5h@ olefin raw material under the conditions of the low
reactibn temperatures of 500°C or lower. However, in this
process, the raw material 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 Lald-Open No. 6-73382 discloses an example

of the proton type ZSM-5. 1In an Example of the patent, it is
stated that the reaction temperature was as high as 600°C ﬁo
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 UJapanese Patent Laid-Open Nos.

11-246445 ~ {corresponding to W02929805}) , 11-24¢6869



(correspondi ng to W9929421), 2001-2Gr86
(corresponding to WO0077122) , 2001-31979
(corresponding to W0077123) , 2001-31980
(corresponding to W0100749), and 2001-403G9
(corresponding to WO0078894) and European Patent No.
1195424, processes for producing a product containing
et hyl ene and propylene by catalytically cracking
hydrocarbon raw materi als €ontai ning olefins by use
of a proton type MFl zeolite are disclosed. According
to Exanpl es described in the patents, in these
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processes, an MFI catalyst having a 8i0;/Al1;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 550°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, inthis 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



of the raw material is 0.5 wto, catalytic activity is
not stable and the yield of propylene decreases with
time (Conparative Exanple 4 in page 16 and Fig. 8 in
page 38). In the international patent WX0010948, there
is areference to the use of a ZSM5 catal yst

i on-exchanged with silver. In the process using such
nodi fied MFI catal yst, catalytic activity declines,
and for this reason even if 3 he reaction is perforned
at a little higher tenperature of 600C, the anount of
preci pitated cokes relative to the total anbunt of the
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conditions of |ower tenperature, the olefin raw
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 conditione 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



material is not converted adequately, and the anount

of unreacted raw material increases. As a

consequence, the yield of ethylene and propyl ene

falls, and high productivity cannot be obtai ned.

Under such conditions, if an olef in having 4 to 12

carbon atons as the raw material is supplied at a

high rate (high WHSV) in order to achieve high

productivity, the formati oh ®f-cokes is accel erated

instead, and as a result, the rate of the decline in

catal ytic activity becones higher. It is an object of
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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 clefins 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 amouﬁt of a diene compound is used,
the extent of deterioration of the catalyst over a long time is

small;

Disclosure of the Invention



catalyst life, and high productivity. Such production
t echnol ogy has been successfully devel oped as a
result of studying the nmechanismof the catalytic
cracking reaction which has not been systematically
investigated until now. Specifically, the reaction
nmechani sm for producing ethylene and propyl ene from
olefins having 4 to 12 carbon atons is significantly
di fferent between using the plefin (butene) having 4
carbon atons and using ol efins having nore than 4
carbon atoms. That is, in the case of the olefins
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propyl ene and pentene. Since this reaction
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Then, the pentene thus produced deconposes to form
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now or Sgtehyilfernel 1ty héepredittddn eeheaticrofforhipgroducing
reaction is low. Further, the inventors of the
ethy kzmatarichpeppiyérnkafromedbe fiss ddyw gy #gtohk2 carbon atoms
conputational chemstry nethod, and as a result, they
is mgnificantly different between using the olefin (butene)
having 4 carbon 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 sites 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.
Specifically, 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



obt ai ned results which support the above assunption.
Specifically, there are a nunber of reactions involved
in the reaction for obtaining propylene from butene.
However, since the progress of such reactions
differs, it is inportant for obtaining ethylene and
propyl ene nore selectively, to precisely control the
reaction conditions such as catalytic activity,
reaction tenperature, and cant-act tinme to allow
preferable reactions to proceed selectively. In the

" present invention, a raw material containing at | east
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preferably controlled to 0.20 to 0.80. As a result,
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catalyst life is ensured. Brief Explanation of the

comkzod Mgy reaction conditions such as catalytic activity,

reaction temperature, and contact time to allow preferable

reactions to proceed selectively.

In the present invention, a rawmaterial containingat least
one kind of clefin 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



Fig. 1 shows changes with tinme in the butene
conversion and the yield of ethylene and propyl ene
production in Exanples 9, 10 and 1. The graph
connecting rhonmbuses represents Exanple 9, the graph
connecting squares represents Exanple 10, and the
graph connecting circles represents Exanple 1.
Further, the uppernost graph shows the conversion of
but ene, the m ddle graph shews the yield of .
propyl ene, and the | owernost graph shows the vyield of
ethylene Best Mode of the Invention According to the
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uppermost graph shows the conversion of butene, the middle graph
shows the vield 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 -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 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 alsoc controlled. Further, they have found that even



a range. of 0.1 to 0.9. According to the invention,

exanples of the olefins having 4 to 12 carbon atons

in the raw nmaterial to be used include 1-butene,

ci s-2-butene, trans-2-butene, isobutene, 1-pentene,

ci s-2-pentene, trans-2-pentene, 2-nethyl-I-butene,

2-nmet hyl - 2- but ene, 3-nethyl -1 -butene, cycl opentene,

1- hexene, 2-hexene, 3-hexene, nethyl butenes,

di met hyl but enes, neohexene, 1qgcycl ohexene,

met hyl cycl opent ene, |inear heptenes, branched

hept enes, cyclic heptenes, nethylcycl ohexenes, and

linear, branched or cycljc, ol efins, havi 9 to 12
with bBR BREnBatAELdt AR 3 Rt BE LY NEXThidiunt of

f saturated _hydrocarbons havi ng to 12 carbon ato
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a f&ﬂ@@ éflgrli@glygg‘nEthane, et hane, propane,

~n-butane, Isobutane, linear, branched and cyclic
pent@iesrdimeadh thE ancRed iR exehbtcbexhe ol &18AE having
branched and cyclic heptane, |inear, branched and

4 teyrt barveelaittns A tHRMRAR eAke rAlNefo bRalkddeselude 1-butene,
aromati ¢ hydrocarbons such as benzene, tol uene and

cixyt emeté&he, | t kensay- et €on] al seldut &g | herpemicens di ng
to the invention, the diene conpounds
cis—z-pentene,_ trans-2-pentene, 2-methyl-1l-butene,
'2—methy1—2~butene, 3-methyl-1-butene, cyclopentene, l-hexene,
2-hexene, 3-hexene, methylbutenes, dimethylbutenes, nechexene,
cyclohexene, wmethylcyclopentene, linear heptenes, branched
heptenes, cyclic heptenes, methylcyclohéxenes, and linéar,
branched or cyclic olefins 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 guch saturated hydrocarbons should not occur, but
"surprisingly, if the content of these saturated hydrocarbons in
‘the raw material to be used ié lower than the aforesaid range,

the rate of the decline in catalytic actiVity becomes high.

Examples of the saturated hydrocarbons having 1 to 12 carbon atoms



contained in the raw material to be used are

hydr ocar bon di enes having 3 to 12 carbon atons and
may contain |inear diene conpounds such as

propadi ene, 1, 2-butadiene, 1, 3-butadiene,

1, 2- pent adi ene, 1, 3-pent adi ene, 1, 4-pentadi ene,

2, 3-pent adi ene, 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 adiefg, -1, 3- hept adi ene,

1, 4- hept adi ene, 1, 5-hept adi ene, 1, 6-hept adi ene,

2, 3- hept adi ene, 2 4- hept adi ene, 2, 5- hept adi ene,

3, 4- hept adi ene, 2- oct adi ene, 3- oct adi ene
inglude detdiagife efhensctaa%ﬁ%e 1111]51%%%%. grgutane, linear,

oxgndpSELal ey 2y Foctad e, 2. 400 a0 S0y vt ic hexane,
llé’%%ﬁogat adl %@gh fyfﬁ'blﬁ‘t ggpléﬁbr aricir:}l%%rdl S?gngﬁgﬁoa%]cg%yclic

o el | %Cﬁ%gﬁﬁ%ag'sﬁﬁgh@r Tt e ené-%%%?bcarbons

& %éfn% p§%E1§%P§2§Hd3X2§%ﬂ¥' ci BTN $2contasnco
5 ZEI; a]%%g: o €nd- ShiEh sy | ’t;?tfeo%flté?@ edfpounds
|net yI pen

I ene,

cordisbdaiyhel réwﬁﬁéﬂé@i@f%o be used are hydrocarbon dienes
2, 3-di net hyl -1, 4- pent adi ene,

haﬁlﬂg di tf@tlb)@ar]bdh ReBhat M Ray cd@rain linear diene compounds
2-met hyl - 1, 3- hexadi ene, 3-net hyl -1, 3- hexadi ene,

sudh nged fty:l"o;ﬂac&é’t@( adi engoutbadipdiy] -11, B-Hieceatlicane,

2-nmet hyl -1, 4- hexadi ene, 3-nethyl -1, 4- hexadi ene,

1, ZLpEﬁﬁadxénd-mexageanadléﬂﬂethy4 peﬁtd&mmm&eaeBa@@nthdlene,

i ke; and cyclic diene conpounds such as ‘

1, Tydopdidras ene -hebeaxktdnye cytl bpmradiler® dilene; hexadiene,

2- met hyl cycl opent a- 1, 3- di ene, )
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-octadiene,
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 —dimethyl— 1,3-pentadiene, 3,4-dimethyl-1,3-pentadiene,

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



5-met hyl cycl opent a- 1, 3-di ene, 1, 3-cycl ohexadi ene, and
1, 4- cycl ohexadi ene. However, since such conponents nay
cause an undesirable decline in catalytic activity,
the content thereof is preferably 2 wt% or |ess, nore
preferably 1 wt% or | ess. .Exanples of the raw materi al
havi ng such conponents include the fractions
(raffinate-1) obtained by renoving by extraction

but adi ene fromthe fractiong2(crude C4 distillate)
which are obtained fromthe top of the debutanizer to
which O to C3 fractions separated froma m xture

o SHNEES I D8 paPe S LRl erakop fluin o raph e
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ving by extraction isoprene fromthe fractions

1 a%iif%’ﬁc) 1dgated he hojianm of; 1he webutanizalt  of Wi ldne,

, or an olefin fraction obtainéd by

5 - R Ve cridn dadr opapatddg 1 he cydidbhd:eidleraipuid of

the 'C5 fractions selectively w thout extracting

1, Puiwsl i ddimd he Herede rCS sfihaet sQes sempbaktntkemay cause
content of the diene conponent is 2 ws or |ess, or

an thdeel ebbhefdeadirensn eitailned c dytivdty athel ebnent thereof

fraction obtained by catal ytically hydrogenating
is getedrakely 2 et % aialleswumond pref dradetty dnsvivthiash less.

are obtained fromthe top of the debutanizer to which

Cl tBxa@®les 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 Cl 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 de_butanizer {ecrude €5 fraction), or an

olefin fraction obtained by catalytically hydrogenating the



fractions separated froma mxture obtained in a
napht ha thernmal cracker or in a naphtha catalytic
cracker have been transferred without renoving 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 w% or |ess. These raw
materials may be used singly or in a mxture thereof
formed in an arbitrary rati g3 The raw materials are
not limted to those as descri bed above, any raw
materials can be wused as long as they contain ol efins
having 4 to 12 carbon atons and 10 to 70 wo of at
totahamppd RifnEhefCE frackienshgatoehi HohY wd‘«h%t S?XF6aCtlng
12 carbon atoms. As for the catalyst used in th
butadeene dromEherrrugp£s feartiengataltiat @%ﬁﬁ%%‘a of the
An Si 02/ Al 23, mol ar_ratjo of the olite |s usua %
dienQFORBrE T raks 2260-% arskfwr( PrCY fa%os}é)f 9 tained
from 200 to 5000, nore era from?2 O t
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probl emin 'ty the catalyst is
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molar ratio i s not desi r abl the other hand, if
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the number of the active sites decreases with the
afd@sdlia ddiall et alfy sheCapaet 16H8CEH Othas e aendent of

catal yst no | onger,
the diene component is 2 wt% or less.

Thej.se raw materials may be used singly or in a mixture
thereof formed in an arbitrary ratio. The raw materials are not
limited to those as described above, any raw materials can be
used as long as they contain olefins 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.

As for the catalyst used in the invention, an MFI type
zeolite catalyst is employed. An 8i0;/Al,0; molar ratio of the
zeolite is 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 Si0,/Al1;0s
melar ratio is less than those ranges, catalytic activity becomes

too high. Thus, the precipitation rate of coke is high at the

temperature range in which cracking reaction takes place



- and therefore such nolar ratio is al so undesirable.
For the MFI type zeolite catalyst, a commercially
avai | abl e product having an intended Si Q2/ Al 2G3 nol ar
ratio may be used as it is, but it is possible to
obtain it by using the nethods known to the public in
whi ch zeolite having a conposition falling outside
these ranges is used as the raw material. In other
words, it is also possibleilgo-convert a silica
zeolite to a silica zeolite having a higher
Si 2/ Al 2033 nolar ratio by neans of the deal um nation
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Zeolite contain sodium or anmoni um as cations, but any

th&f thikefrtsaPsbe-Hsesk ifddie ooy A QR 185choRdy s dd 1bdiger,
subjected to the treatnent as descri bed bel ow

andpadifd Batd Ysuch 2@l d+ erexdcdanged so hnded {husaoni um
cations is treated at 5000C over 5 hours, for exanple,
so trat the MFY tyupaeealite ¢dheapyot pa doymeer@iwl 1heraidable
used as a catalyst for catalytic cracking reaction.

pradudthédactimgr ahaimt endad MAO4/WieOy ewllistre rhéd bngapl kalised as

_metal ions such as sodiumcan be used after it is

it dgrnldtiift dsthespiblerta ppeaiy it gt med nknble methadse known
public in which it is stirred at 60C for 6 hours in an.

to the public in which zeolite having a composition falling

outside these ranges is used as the rawmaterial. In other words,
it is alsopossible to convert a silica zeolite toa silica zeolite
" having a higher Si0;/Al1;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 tile 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 asg described below. Specifically, a zeolite exchanged



about 1 to 10% aqueous sol ution of amoniumnitrate,
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 wth netal ions, in addition to the proton
type zeolite, can be used for the zeolite. Specific
exanpl es of the netal ions include IB group netals
such as Cu and Ag as nonovahsnt netal ions, and
al kaline earth netals such as My, Ca, Sr and Ba, rare
earth netals such as La and Ce and transition netals
yval e net al _i ons.
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the alkali nmetal 1 n the exchande capaci s 90%

" to agidigpihecepegnten hew sandi fhef efo'@®dd Aok 6 hours in an

preférable to make the ratio no nore than the range

abdf dessriPedrloNe so1h6iohoss thendviludt YRe rzed i keltrated,

ones containing acidic elenments such as P in.addition

wadhed @dnreems i@itidoned e fean sbeoksed. In this
case, the content of Pis preferably no | ess than that

of priecenthe affbeemeitdlonedl METS typet eEOB igk WaltedysAsis

a method for incorporating these elenents into the
reqEtraldy so, be metikddd  ksowactidicheeplibtecekshengkdyedth metal
ion?aqﬂ ea%.dition to the proton type zeolite, can be used for
the zeolite. Specificexamples of themetal 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 érbitrary 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.



of such nmethods include a nethod in which protons of
the proton type MFl zeolite are exchanged with the
cations of the metal atoms by ion-exchange nethod and
a nmethod in which a conpound of the salt or conplex
of these elenents is inpregnated in the MFI zeolite.
For the MFI type zeolite catalyst, those which contain
B, Sn, Ga, Mh, Fe and Ti as a tertiary netal other:
than Si and Al in the skel eson of the Ml type
zeolite structure according to a nethod known to the
public may al so be used for the purpose of

cm be used for the purpose of
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shaping the catalyst by a nethod as described below

catallfst ,The mdiemamdanad, catalydiic {4 |dithdyi®. aExamples
reactor in any of the forns described below

of SRt meeably, ihbtudkE|a 2RAUHIE inohhatAePrdons of the proton
hydr ot hermal synthesis is essentially in a fine

typoMbErzesthittee afbedfdnmmdqmvieeRd Hdbazeohist®f eakahatsil atoms
thus obtained may be filled a fixed bed reactor as it

by iion-extchamger certhoti apdes endthaodr s sititch gs Sdmpamund of the
increasing, it may be filled after
salt or complex of these elements is impregnated in the MFT
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 mziy also be used for the purpose

of controlling activity, improving selectivity, controlling coke

~production and controlling the rate of the deterioration of the

catalyst.

The MFI type zeoliﬁe 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 is 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 treatment may also be
performed after shaping the catalyst by a method as described

below.



it is physically mxed with a filler which is inert to
the <catalytic cracking, such as a silica ball or an
alum na ball. Furthernore, the obtained fine powdered
MFI zeolite catalyst may be mxed with a sintering
agent (binder) which does not change the catalyst
performance, and then be shaped. A representative
exanpl e of the sintering agent is a silica system but
in addition to this, the sipfering agent may be

sel ected fromanong al um na-based, titania-based,

zi rconi a- based and di at omaceous earth-based agents.

Si nt g&l ngfis Flref(_erably carried out in a range of 500

to 8060ECEGMEREICONES anptadyst iheffDladofntdhapetbactor in

an_r+#q%§§fthus obt ai ned i nclude tablets, extrusions,
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bELE e uard| obes, rings, 2-spoke rings, special
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g agent (binder) 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 preferably carried out in a 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,
Z2-spoke rings, special spoke rings such as HGS, EW and LDP, rib
rings and granules. |

According to the invention, catalytic cracking 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

reactor is pre_ferably a fixed bed reactor whosge equipment ig



480 to 580C, and nore preferably 480 to 560C. Reaction
tenperature | ower than those ranges is not desirable
because the conversion of olefin supplied | owers at
such |l ower reaction tenperature and consequently
sufficient productivity is not obtained in the
production of ethylene and propyl ene. On the other
hand, if the reaction tenperature is higher than those
ranges, the rate of the pr-oduct-i on of cokes

accel erates, and the rate of the decline in catalytic
activity becones high. Reaction pressure is set to be
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reaction pr oduc racti ons econes

pr&@&b@@?”@bﬁtf@ﬂé@t &£s0fiebheigeg! b8ty N catal ytic
activity is controlled to sone extent. However, in

t hi sRe@6€ion thapeirahthref i BYsH108eMe S8t SEh o, preferably
hydr ocarbon and aromatic hydrocarbon increases, and

480i gb sebectiand ynerd proteesbyytysonto 3ébedhe Reaction
producti on of ethyl ene and propyl ene are not obtained.

teperatrerotitercerhahdn thokes rthgacebstricindeshdabilensesaide the
as the raw material feed rate (WHSV) bei ng hi gher

convans itnsef rabgis; siepliadelofethenipradilctionreofreaction
cokes becones higher, and therefore such conditions

temperaberr eiel sioheeduerdddi Uit iciaty gaodoc triwi the ie not
single reactor or nultiple

obtained in the production of ethylene and propylene. On the

other hand, if the reaction temperature is higher than those

rangés, 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 hxr™*, 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



reactors. In particular, in the case of nmultiple
reactors, the reaction-conditions can be controlled
nore precisely by installing reactors in series.
Further, in the case of installing reactors in
paral l el, catalytic cracking operations are perforned
in one reactor while regeneration is carried out in
anot her reactor. Switching the reactors for these
operations makes it possiblie to maintain a constant
production volume. Under such reaction conditions,
maxi mum sel ectivity, yieId and productivity of
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In the ca I nst al ng nmu tlp e reactors

sudR ¢S dikhvel Shindaty Q- Qi 190 ene to propyl ene is
set to be wusually 0.20 to 0.80, preferably 0.25 to

0. 8Gn aadi o6, RHRS 636 ¥r mBy e bosﬂaf% rBalth®r or multiple

reaction product fractions af the out the first

red@atoOr . In RArtisudaherineiiiscakn @ﬂtrﬁtMiplé:rxa-ﬁt@tn:gss, the
reaction, a nunber of reactions whose rates are

reafttffaar enindirticeed @in the Gamerdlilel asadeaedibesly by
above, and the deconposition of pentene whose | ow

ingteelctingn rmemtar diss liowerertdwen oFhetheeactinobbei sase of
controlled to sone extent. This makes it possible to

insgtentioly yrdesiorsbin parableht imtadfyttickeragkdng operations

consequently to mai ntain constant
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 bé controlled.
According to the method of the invention, the weight ratio
of pentene to propylene is sget to bhe 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 reactorsr in
series, the weight ratio of pentene to propylene is set to be
usually 0.20 to 0.80, preferably 0.25to 0.80, andmore preferably
0.30 to 0.80 in the reaction product fractions at the outlet of

the first reactor.



catal ytic activity for a sufficiently long tinme. In
the case of renoving ethylene and propyl ene fromthe
product of the first reactor out of the multiple
reactors installed, it becones possible as a whole to
convert nost of the raw material supplied by carrying
out the reaction in the second reactor under severer
conditions. On the other hand, in the case of using a
single reactor alone, olefpps-having 4 or nore carbon
atons including pentene are separated fromthe
reacti on product fractions and recycled. to the

ConbiHEHDGh PR onct oy SRRV BEF af - A NG G AR A Pumbe

ot B PR B S L AL BRI B9 @i, ime
t.ed d [ i th . ht

e 082U L EETT 0 KL 8uBSHDIBN R Ll one ose 10w

coSSELAN B LR B0 AL RL L DRNRglp 8 45 e

exSAUI atfd hydpacanhon faviAg 1d @okt AN PRt ALARE o S

caused to conme 1nto contact with a catal yst containing
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rate per unit - 21 weight of "catalyst (WHSV) of 32 to
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er a reaction pressure of 0.05 to MPa, and the

of khicrikly wehghenefarmeprensleacp oyl e priddul® of the first
reaction product fluid is controlled to 0.20 to 0. 80.

redst@r restl ¢f tHhdanyroiiicd i:nofohy - iaBClsd suah mscomes

hydr ogen, saturated hydrocarbon, aromatic hydrocarbon
posido oo lees aawttbIdeeo convert most of the raw material supplied
by carrying out the reaction in the second reactor under severer
conditions.

On the other hand, in the case of using a single reactor
alone, olefiné having 4 or more carbon atoms 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 wit.h 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 Ileast 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



preci pitation of cokes onto the catal yst are
controll ed even when a raw material containing a
relatively large amount of a diene conpound is used,
and therefore high selectivity and high productivity
of ethylene and propylene and a long catalyst life 1is
ensured. The invention will be explained in greater
detail below by using Exanples, but the invention is
not limted those ExanplesyqExanple 1: Commercially
avai | abl e powdery ammoni um salt type ZSM 5
(Si 2/ A 2G8 nolar ratio of 280) powder was cal ci ned at
950C over .5 hours. After calcination, gonpression

wekghpi ¢f, cetakyehg (VARG <F 32 nge ¥ e ar r fbdaoueaebion
obtain a catalgst having a particle dianeter of 250
terpespure Torst et i v ° @ Wmdas ha®Aqtet RrEsghreypE 0. 05
reactor (inside dianeter, 10.7 nm |ength 250 was,
£o & ¥fa, 0and 5 THE UM BY cWe bFN s tOL PERE SaiFaF PP EARG Sipg 1n the
quartz woaql as support were filled in a uartz tube
reqgF 9B PRORNCE of LY aREIP TR bhRl tosd: #rto it quartd Tesult,
22 tube was | paded in.the reactor, .the tenperature of
th e oS R O DI AT T G 5 BTG o traHa
[ ,on raw materi al obt.ai ned by napht ha. cr.acki ng
hy (RGO AT (e e DR R ESr anc
e cki ti f
proG Ao fof LR PARE ) pHRS AT ST ROn- 40T TE % ven when
ANAtna if d LNni-ai L1k, 8. t nek4
A A e G T
compound is used, and therefore high selectivity and high
productivity of ethylene and propylene and a long catalyst life
is ensured.
The invention will be explained in greater detail below

by using Examples, but the invention is not limited those

Examples.

Example 1:

Commercially available powdery ammonium salt type ZSM-5
(810,/A1,0; molar ratio of 280) powder was calcined at 550°C over
5 hourg. After calcination, compression shaping, crushing, and -

. sieving were carried out to obtain a catalyst having a particle
diameter of 250 to 500 pm.

For reaction, a fixed bed flow-through type reactor (inside
diameter 10.7 mm, length 250 mm) was used. 0.125gof 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



After performng reaction for a predetermned tine,
the supply of the raw nmaterials was stopped and the
tenperature of the catalytic bed was | owered to 450C.
After one hour fromthe stop of the supply of the raw
material, the conbustion of the accunul ated cokes was
started with air diluted with nitrogen. Until the
conmbusti on of the accunul ated cokes was finished, the
supply of air was continued., .Hydrogen, carbon nonoxi de
and carbon di oxi de, which Were formed through
conbustion reaction were analyzed by neans of gas
chr omat ogr aphy, and the wei ght of - the produced cokes
tuheaswaa lloakdatietn frhemrielae twed, ghlbe dfentpleesd-umpr odutlked catalytic
gases. Conversion rate of the raw material and yield
begdf wablempintatnedwetr e588PCul BhedChyitrdhet fohl| pawngaterial C
equations: (1) Conversion of butene (%9 = (1 - (weight
obpfipaflebytrabhbie epereeight (Babkappl iveak lrMnedgd at1Go £low
(2) Yield of product (a) = (weight of each produced
rakenpbriet/hweitgandofrasappriedcpatehey Xeaoplen)wag gegformed
of cokes (PPM = (total weight of produced - 23
undgk & eae bl ORI RS We efighl (eHFPBut ehes rearticm poodyrk that
results of the reaction are shown in Table 2._The
Tlouet P4t i fRff CREPERERCOVER AFFERYE SR @IYdies gmalyzed

oy RN SR Th TS OTAEB TR RS ot hod I whi ch Che i el d
o 0SSP JERI 41 00 o LR EUSRARIE fme, e

suﬁ%%%ﬂ?fgﬁﬂpg%kj%gt%&jgﬂ% %8§e§t$ﬁﬁe§q£$é éﬁgigéﬁberature 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



undesi rabl e vapor causing the deterioration of the
catal yst was smaller. Therefore, it can be expected
that as the catalyst is wused repeatedly, its life
gets longer. Conparative Exanple 1: Catal ytic cracking
reaction was performed under the sanme conditions as
in Exanple 1, except that the raw material C of
Exanple 1 were changed to n-butene raw naterial. The
results are shown in Table_ 3. Under these conditions
where the raw material confdi Aii ng no butane which is
saturated hydrocarbon was used, the reaction tine in
whi ch stable productivity of ethylene and propyl ene

conas/ebtalnediyas o0l yugPl hedrsuten@f x TRPY &0 1000
Conposition of raw materi als Raw Raw Raw Raw Raw

mat eThél ré@i P s abf NEtieriedctibderdd dhdwdt izl ABRE 2. The

Conponent sw %
results indicate that over 90 hours, productivity of ethylene
and propylene was obtained in a stable manner. Further, since
the method in which the yield of the produced cokes was low and
the cokes were removed by combustion, the amount of heat generated
by the combustion of the cokes was small and the amount of
undesirable vapor causing the deterioration of the catalyst was

smaller. Therefore, it can be expected that as the catalyst is

used repeatedly, its life gets longer.

Comparative Example 1:

Catalytic cracking reaction 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.



Saturated hydrocarbons Met haneO. 10. 00. 00. 00. 0 Et hane<
0. 10. 00. 00. 00. 0 Propane< 0.1< 0.1< 0.1< 0.1< 0.1
i so- But ane3. 35. 84. 510. 615. 6
n- But anel4. 624. 435. 333. 245. 5 Pent ane0. 20. 30. 20. 10. 1

Total for

A efins trans-2-Butenel8. 424. 320.623.07.6
1- But ene22. 417.918. 316. 320.5

i so- But enel2. 313. 10. 33. 23.6
ci s-2-Butene27. 313. 320. 512.
80. 468. 659. 655. 336. 9 but enes -
Propyl ene0. 10. 10. 10. 10. 1

825 Total for
25

1, 3-Buekrli®ne0. 0450. 110. 0510. 490. 075

O hersl1. 20. 70. 30. 31. 8
Composition of raw materials

saturated 18.430.640.043.961. 2 hydrocar bons

Total for

butenes

Raw Raw Raw Raw Raw
material material material |material material
Fiy B cC b E
Components wt%
Saturated
hydrocarbons
Methane 0.1 0.0 0.0 0.0 0.0
Ethane < 0.1 0.0 0.0 0.0 0.0
Propaﬁe < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
liso-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-PButene 12.3 13.1 0.3 3.2 3.6
cis-2-Butene 27.3 13.3 20.5 12.8 5.2
80.4 68.6 59.6 55.3 36.9




Tot al 100. 0100.-0100. 0100. 0100. 0 Table 2 Exanple 1

Catal yst HZSM5 (Si 2/ Al 2G3 280), Raw materi al
-Reaction C (Saturated hydrocarbons 40.0 wm %,

condi tionstenperature 550C, WHSV 64 hr-1, pressure

0. 05 MPa Reaction tinme 4122030425466788490 (hr)
Conversion O 76.574.975.176. 369. 872. 566. 465. 570. 168. 6
butene (%9 Yield (W%

Hydr ogen0. 100. 080. 110. 090.06@. 050. 050. 030. 040. 05

Met haneO. 430. 330. 480. 410. 280. 240. 230. 180. 260. 28

Et hane0. 540. 400. 610. 530. 320. 260. 240. 170. 270. 28

Propane4. 73. 54.

74.22.72.22.01.31.92.0

ProP¥hene30. 14. 24. 92, 53. 03901 93. 24|%: It hyl eRel0. 18 .[0-1

310.49 . 27. 36.

_ 56.04.86.03@2
1 pp oByteaesne 4300 7855 230. 532: B0. 03[0 -$53. 9290542 2 |0.075

Pent ene9. 510. 0f
Oelses® nore 17. 1

). 89. 411.510. 612 .5 | 12.410. 712. 6 - 26
ph2 117, 71%.7318. P16 . 7199-3018. (1.8

T§%§i419'1 100.0 100.0 100.0 100.0 100.0
Table 2
Example 1
Reaction Catalyst H-ZSM-5 (Si0,/A1,0; 280), Raw material
conditions c (Satufated hydrocarbons 40.0 wt¥%),

temperature 550°C, WHSV 64 hr™t, pressure 0.05

MPa

Reaction time

(hr)

4 12 |20 |30 |42 (54 |66 |78 84 90

Conversion of

butene (%)

76.5 |74.9 |75.1 |76.3 |69.8]72.5/66.4|65.5 {70.1 |68.6

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 0.33 |0.48 {0.41|0.28[0.24|0.23[0.18 |0.26 [0.28
Etluané 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 (4.212.7(12.212.031.3 |]1.2 |2.0
Butane 2.3 (0.1 |4.2 (L.0(2.5]3.0(3.1[0.2 3.2 |4.1
Ethylene 10.1 (8.3 |10.419.217.316.5]|6.0}4.8 (6.0 [6.2

E 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 |2.8 9.4 |11.5|10.6|12.5]|12.4 |10.7 (12.6




non-aronmati cs Aromati csb5.14. 05.44.63.02.72.61.72.42.6

Coke35 PPM Tabl e 3 Conparative Exanple 1 Reaction

Catal yst HZSM5 (Si 02/ Al 203 280), raw
conditionsmaterial n-butene, tenperature 550C, WHSV 64
hr-1, pressure 0.05 MPa Reaction tinme 28142026323844
(hr) Conversion of 79.178.074.568.657.441.626.314.5
butene (%9 Yield (W%
FVdrogenO.lSO.130.080.050L0%g.920.010.01

Met haneO. 460. 370. 270. 220. 160. 130. 110. 09

Et hane. 0. 450. 370. 260. 180. 090. 060. 040. 03

ropane4. 23. 32} 41. 60. 7/5(. 300] 110] 04
BUE arreBu®®e 34. 53..92/82101730]18 .3 |18.6|16.7|12.0(18.1 |16.4 [12.1
Et hyl enel0. 38. 97. 55]83. 31. 604 70. B
Mropyhere8ld). 528)529.1124. 817. $9. 74. 3

ent ene8. 89. 11pD. 612]212.i710. 66.98.5 S or
Ry @i 815, 716|717, P60 15244 8B|B. 6 (277 |12.611.7 (2.4 2.6

Coke 35 PPM

Table 3

Comparative Example 1

Reaction Catalyst H-ZSM-5 (SiO2/AlZO§ 280), raw
conditions material n-butene, temperature 550°C,

WHSV 64 hr™*, pressure 0.05 MPa

Reaction time |2 8 14 (20 26 32 38 |44

(hr)

Conversion of 79.1178.0 74.5|68.6{57.4(41.6|26.3]|14.5

butene (%)

Yield (wt%)

Hydrogen 0.18(0.13(0.08}0.05(0.03|0.02]0.01(0.01
Methane 0.46{0.37/0.27|0.220.16|0.13|0.11|0.09
Ethane. 0.45]0.37j0.2610.18(0.09(|0.06]0.04]0.03
Propane 4.2 ‘3.3 2.4 t1.6 |0.75(0.30(0.11/0.04
|Butane 6.3 |5.3 |4.5 |3.2 |2.8 .2.0 1.3 |0.8
Ethylene 10.3|8.92 (7.5 |5.8 |3.3 1.6 |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 j10.6{12.2(12.7]10.66.2 [3.5

C5 or more 16.6(15.7|16.7|17.5!116.1]|12.4|7.8 |3.8




non-aromati cs Aromatics7.15.74.43.31.91. 00. 470. 18
Cokel03 PPM Exanples 2 to 4. Under the sane conditions
as in Exanple 1, except that in Exanples 2 to 4, the
raw materials as listed in Table 4 were respectively
used, the raw materials containing 18.4 wt-06, 30.6
wt % and 61.2 wt % of saturated hydrocarbons which were
mai nly butanes were subjected to catal ytic cracking
reaction. The results are %Qoyvn in Table 4. As
conpared with Conparative anple 1, it can be seen
that the yield of the produced coke was reduced by
hglT and the reacfronjtimefin I chstable
prlodoetiremtyiok et hyl gne and prjopyl ene was obt ai ned
| engiiéned sharpfy frjom 20 hours t©o 42 hours| only
bedzuvsettibhe raw npt.arijal 7 pbmt aidnaéd {1894 | W |0f.47(|0.18
sdturated hydrocaybons. Exanple 4 1s an exanple
shHowkrg an exanpl posf HHve catal ytic cracking of the
raw material having the saturated hydrocar bon content
of as high as 61.2 wt% Although the operation was
stopped after 100 hours fromthe start, the decline
Examplest & yWd @d:activity at this point was low Table 4

Exanples 1 to 4 and Conparative Exanple 1 - 28 .
Conpadgri thgesame 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 wiﬁh 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



Exanpl e 2Exanpl e 3Exanpl e 1Exanple 4 Exanple 1

Reacti on Cat al yst

H ZSM 5 (Si 2/ Al 208 280)

tenperature conditions550C, WHSV 64 hr-1, pressure
0. 05 MPa Raw materi al sBut eneABCE Sat ur at ed
hydr ocar bons 018. 430. 640.061.2 (m*-.) Reaction tine
2204424584904100 (hr) Conversion of ‘
79.168. 677.168.577. 066. 476. 568. 677. 072. 8 butene (s)
Yield (w-06)

Hydr ogen0. 180. 050. 140. 060. 1

28. 650. 100. 050. 110. 06

Met haneO. 460. 220. 500. 360. 560. 280. 430. 280. 350. 33

Et hane0. 450.}1180. 550. 3P0. 680. 260] 540. 280. $00. 44

Pr opane4. 21./66mpard6i Bkadpl1e2 20/E68n8le 3{Example 1 |[Example 4

But ane6. 33. 95. 02. 13. 31. 72. 34. 11} 71. 3

Et hyl enel0. 3%¢810. 16, 411. 16. 210{ 16. 29. 1849

Propyl ene28.{129. 130. 730. 531. 430{ 531. 432. £32. 131. 3

Pent ene8. 813E28gmpie 59, 211. 99. 5[12. 69. 210/ 4
Reaction Catalyst H-ZSM-5 (8i0;/Al,0; 280), temperature
conditions 550°C, WHSV 64 hr™*, pressure 0.05 MPa
Raw materials [Butene A B c E
Saturated 0 18.4 30.6 40.0 61.2
fhydrocarbons
(wt%)
Reaction time |2 20 4 42 4 58 |4 90 4 100
(hr)
Conversion of |79.1 [68.6[77.1{68.5 77.0 |[66.4 |76.5 [68.6 [77.0{72.8
butene (%)
Yield (wt%)
Hydrogen 0.18 10.05|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 J1.9 [4.7 |2.0 4.6 3.8
Butaﬁe 6.3 3.9 [5.0 [2.1 3.3 1.7 (2.3 |4.1 1.7 |1.3
|Ethylene 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 |i2.6 (2.2 |10.4
C5 or more 16.6 [17.5|16.5(17.6 17.2 (18.0 [17.2 _19.1. 18.6 18.i
non-arcmatics




C5 or nore 16.617.516.517.617.218.017.219.118.618.1
non-aromatics - 29
Aromatics7.13. 36. 63. 56. 83. 05. 12. 64. 23. 4 Cokel03PPM67
PPVb2 PPM35PPMR26 PPM Exanples 5 to 6 and Conparative
Exanpl e 2: Under the sanme conditions as in Exanple 1,
except that in Exanples 5 to 6 and Conparative
Exanple 2, the reaction tenperature was set to be
500C, WHSV as listed in Tgb%g 5 was wused and the raw
material D was used, catalytic cracking reaction was
perfornmed. The results are shown in Table 5. As shown
in Exanple 5] 1t chn be sden t[hat {inder] t he
Agomdittiicens wheV elt hi . I @wen@at. ér[eaB el |Satle (Pef 4nix|3.4
wei ght of cataryst ( ) was [as high as 128 hr-[L,
ok wei ght r atj103 oPPHentSen@®PiMo [PROoBYMene 3ka$PM). 5|26 PPM
higher. " Undér THEésSeé conditions, the productiion of the
cokes was extrenely small. However, as shown in
Conparative Exanple 2, under the conditions of
Exgmoietd wia 6 beidgCouraraddwel Exdnple 2: the val ue of
VWHSV being as low as 8 hr-1, the yield of pent ene
decr®wisad Ehgusann ¢prdtbinnams iphBxgnplg bf except that in
undesirabl e by-products such as saturated .
Examrfresc & Boh, 6 & PP IO EBHTP I & «c Jie | FRAEESEY
sharply. Tabl e 5 Exanples 5 to 6 _and Conparatijve
tenpenaiEre “B?aﬁﬁtetgéesnape ECOMHRY AT Vel tefpie 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 geen 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 producticon of the
cokes was extremely small. However, as shown in Comparative
Example 2, under the conditions of productivity being controlled,

!, the yield of pentene

i.e., the value of WHSV being as lowas 8 hr
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 6 and Comparative Example 2

Example 5 |[Example 6 |Comparative

Example 2.




material D (saturated hydrocarbons conditions43.9 w%
, tenperature 500C, pressure 0.05 MPa VWHSV
(hr-1)128328 Reaction time 743743844 (hr) Conversion
of 73.470.882.978.388.689.0 butene (%9 Yield (W%
Hydr ogen0. 040. 030. 140. 110. 420. 33

Met haneO. 100. 060. 360. 311.41. 2
EthaneO.120.060.610.522.62.§

Propane2. 02. 77. 46. 520. 717. 4 Buf ane0. 40. 41. 71. 82. 82. 1
But enel. 51.14.12. 01. 25. 0 Et hyl ene4. 82. 88. 18. 08. 27. 4
Propgytene25.622. 7341. 0247815. 914. 9

Pent|peadBidn3. 58. 38a 821 p2t N-GSMHS nMeie,/Al.0; 280), raw
21.821.917.619. 813. 214. 3 non-aronmati cs

conditions material D (saturated hydrocarbons

43.9 wt%), temperature 500°C, pressure

0.05 MPa
WHSV (hr™') 128 32 8
Reaction time |7 43 7 473 8 44

(hr)

Conversion of |73.4 |70.8 |82.9 {78.3 |Bg8.6 |89.0

butene (%)

Yield (wt%)

Hydrogen 0.04 {0.03 [0.14 |0.11 j0.42 [0.33
Methane 0.10 |0.06 [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 j17.4
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.Z2 |[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 more 21.5 |21.9 [17.6 [19.8 (13.2 [(14.3

nen-aromatics

Aromatics 2.3 3.01 6.3 7.2 [19.4 |19.3

Cokes 11 PPM 33 PPM 120 PPM




Aromatics2.33.016. 37. 219. 419. 3 Cokes1l PPM33 PPML20
PPM - 31 Exanple 7: Zeolite having a Si Q2/ Al 203 nol ar
ratio of 500 Under the same conditions as in Exanple
1, except that in this Exanple, an MFl zeolite

catal yst having a Si 2/ Al 2C3 nolar ratio of 500 was
used, catalytic cracking reaction was perfornmed for
137 hours. The results are shown in Table 6. Use of
the zeolite having a high $;02/ Al 203 nol ar rati o nade
it possible to performreaction 1.5 tinmes or nore
than in Exanple 1 where the M- zeolite catal yst

having_a Si Q2/ Al 203 nolar ratio of 280 was used,
EXWP%%U? aﬁ?o%’%%t%‘ﬂrﬁ Yl P li=R> trﬁ%l%? OeRIct? \/‘?? y5 ¢

;;2¥¢Q€e and pég@{é;gi}%ggg%%ﬁ?ﬂﬁggggg@@? 1, except that 1n 
Rriiesdor Sraardned TR
o8 R s RSB L LS e pertomes

fo{Z?%ane%&ﬁ%gofggpf%ég%g%pf%% shown in Table 6. Use of the

zeolite having a high $i0;/A1,0; 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-ZSM-5 (Si0,/A1,0; 500),

conditions raw material C (saturated hydrocarbons
40.0 wt%), temperature 550°C, WHSV 64
hr™', pressure 0.05 MPa

Reaction time |6 36 72 |108 137

(hx)

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




- 32 Ethane0. 310. 240. 210. 170. 19
Propane3. 83. 52. 52. 02. 3 But ane0. 92.51. 02. 31. 4

Et hyl enell. 711. 18. 49. 07. 9

Propyl ene31. 330. 132. 431. 330. 9

Pent enell. 612. 210. 512. 012. 7 C5 or nore

16. 718. 517. 419. 319. 3 non-aromati cs
Aromati cs4. 43.23.72.42. 8 Coke32 PPM Exanple 8. This
Exanpl e represents an exanple of the repeated use of
the catalyst. In Exanple 1,3gafalytic cracki ng
reaction was perfornmed, and the conbustion of the

prOdFLed cokes was [carrigd out). - The catat ypt was nerd
in tlmenheeactor, thepraw rMatesi db.vas josappl jeed under
t he same—condrtTong—as 71 Exanmpie I torestart

catﬂfybbgn@racking‘3egctigns and .aft ep .peacta.gn, the

conbustTomr—of—theJproduged cokes was| performed under

t he |sameneondi ti ongg.oThesesopdnati ong .wer e|ir.epeat ed 6

ti mgsT—and—as a regult; u'l:‘ll:‘liUlaIi%: of the catalyst
]

was mehyobserved atialt. |Exanplies49 amsdoelO: |Ander the
samgconditionsas i Exgnpte 1, except titar T - 33

Exanphepyleand 10, |the3rguwonmt gzbak Gshawi ngd.he

but adieme—Tomnternt
Pentene 11.6 12.2 10.5 12.0 12.7

C5 or more 16.7 |i8.5 |[17.4 |12.3 |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 qperatioﬁs 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



of 0.51 and 1.1 wt% respectively, which was obtai ned

by addi ng butadi ene thereto, was used, catalytic

cracking reaction was perforned. The results are

shown in Table 1. As conmpared with Exanple 1 in which

t he but adi ene content was 0.05 wt% the yield of

propyl ene was obtained stably for 60 hours or | onger

even if the butadiene content was 1.1 wt% Further,

the yield of the produced grgs i ncreased only

slightly to 37 ppmand 40 p - 34 CLAIMS What we

claim 1. A process for producing olefins-Iower than.

the raw materials by catalytically cracking a
Exdypll ez arduh Loavenatrew e tet el Gdiawgingd sherbwyedisengfoatent

catal yst, which is a process for producing ethyl ene
of dnck progdylehewtvdhi crespaprisdy cwhabipt vaal dlytaned kivhgdding

by use of a catalyst a hydrocarbon raw nmaterial which
butaniehest rre teastwameikdhd eftalwficn dagigna repapion was

carbon_atons and 10 to 70 wto of at |east one kind of =
rexstexmed ed Tpd ¥ 668 66N T Aashenp 1t alpRechr bobs AURALRA with

araw material feed rate per unit weight of catalyst
Exqpisy)t op walel tnpbitadigneconiint §ifs OeffelVht urtdorield

400 tq 580C under a reaction pressure of 0.0§%ﬂ£o 2 \
of penvienfe VpEeekhrane Btk AINAR SCoHPUr i MY q even 1f

eolite catalyst. roc i med .

end a0l i Yoke, B0 AL PSR BB B DRL o one
ials by . | vticall [ :
=BG 31, SR LA T g SRS o YR

is a process for producing ethyl ene and propyl ene,
wherein



the weight ratio of pentene to propylene which are

contained in the reaction product fractions at the

outlet of the reactor is 0.20 to 0.80. 3. A process

as claimed in claim1 or 2 for producing ethylene and

propyl ene, wherein the Si Q2/ Al 2Q8nol ar ratio of the

MFI type zeolite catalyst is fromnore than 120 to

5000. - 35 4. A process as clained in any of clainms 1

through 3 for producing ethyl ene and propyl ene,

wherein the content of saturated hydrocarbons having

1to 12 carbon atons in the raw material is 10 to 60

wt% 5. A process as claimed in any of clains 1

through 4 for produci ng ELRAYEMEne and propyl ene,

wherein the reaction tenperature of the catalytic
Whetaeki A§aiim:480 to 5800C. 6. A process as clainmed in

any of clainms 1 through .5 for producing ethyl ene and

propy| ede PrgiEss fath®roseg ingt @16 imay Laverefiban fée raw

unit wei ght of catalyst (WHSV) is 40 to 256 hr'. 7. A |
mabebEads by @Ak G lahgracking AshICTAFRLRPR ravpraterial

. produci ng_et hyl ene and propyl ene, wherejn at | east one
InRIHELEE SHEEIErDYOHPR) Pk 1SR trhe Fow ThLe? (5 3 Srapess fox

olLefin havi 4 to .8 carbon atops. 8. A proces S . .
prifSrii SRR RTd BERBYLC0R WugRs Sur LI feertg tieally
R R AT e BB REG LR h TSP TRTBPE o g hpterial which

cofP 2L 160K BRRLRATE 10 B8:4, L8 Bog B0y 2L o acome
and 10 to 70 wt% of at least one kind of saturated hydrocarbon
having 1 to 12 carbon atoms 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 in the presence of a catalyst containing an MFI type
zeolite catalyst.

2. A process as claimed in claim 1 for producing olefins
lower than the raw materials by catalytically cracking a

hydrocarbon raw material including olefin by use of a catalyst,

which is é. process for producing ethylene and propylene, wherein

the weight ratioc of pentene to propylene which are contained in

the reaction product fractions at the outlet of the reactor is
0.20 to 0.80.
3. A process as claimed in claim 1 or 2 for producing

ethylene and propylene, wherein the 810,/A1:0; molar ratio of the

MFI type zeolite catalyst is from more than 120 to 5000.



produci ng et hyl ene and propyl ene, wherein 2 wt % or
| ess of diene is contained in the raw materi al .

- 35 -

4. A process as claimed in any of claims 1 through 3 for
producing ethylene and propylene, wherein the content of
saturated hydrocarbons having 1 to 12 carbon atoms in the raw
material is 10 to 60 wt%.

5. A process as claimed in any of claims 1 through 4 for
producing ethylene and propylene, wherein the reaction
temperature of the catalytic cracking is 480 to 580°C.

6. A'prbcess as claimed in any of claims 1 through 5 for
producing ethylene and propylene, wherein the feed rate of raw
material per unit weight of catalyst (WHSV) is 40 to 256 hr '.

7. A process as claimed in any of claims 1 through 6 for
producing ethylene and propylene, wherein at least one kind of
dlefin contained in the raw material is an olefin having 4 to
8 carbon atoms.

8. A process as c¢laimed in any of claims 1 through 7 for
producing ethylene and propylene, wherein the saturated
hydrocarbons‘contained in the raw material are saturated
hydrocarbons having 1 to 8 carbon atoms.

9. A process as claimed in any of claims 1 through 8 for
producing ethylene and propylene, wherein 2 wt% or less of diene

is contained in the raw material.



