1 TITLE OF THE | NVENTI ON Met hod for produci ng ethyl ene and propyl ene
BACKGROUND OF THE LMNVENTION Field of the Invention 5 The present invention
relates to a nethod for pro- ducing ethylene and propyl ene froma

hydr ocar bon femmmmm\um catal ytic conversion. Mre particularly, the
present invent rned with a nethod for pro- ducing ethylene and
propyl ene from a hygi@carbon feed 10 stock By catal ytic conversion, which
conprises contact- ing, in a reactor, a hydrocarbon feedstock conpri sing
20 % by wei ght or nore, based on TITH.BMOR IMHEOINVENTIGN dr ocar bon f eedst ock,
of at least one C4-Cl2 olefin with a zeolite-containing catalyst to
thereby effect a cata Méthydi foropredscbngrethyleneoéntihprapyleast one
C4-Cl2 olefin, thereby obtaining a reaction m xture containing ethylene
and propylene. In the nmethod oBACKEGRQUNBeQF THHVENVENTIONot only can

et hyl ene and propyl ene be pro- duced in high yields, but also the

resi stance of tHaleldzeh| the- Envieathong cat al yst to deactivation is high,
so that the production of ethylene and propyl ene can be stably conducted
for a protonged peri cth®fpEesent | inversien ofelayes hkonet RoBhed ¥ﬁ§ PFesent

invention, in the catalgtlc conversion of a hydrocarbon feedstock, it 25
becomes possi bl AYGIRIpPERELERAARG- BFBHK%?P%n BPMhg hydrocarbon feed-

stock by catalytic conversion. More particularly, the

present invention is concerned with a method for pro-
ducing ethylene and propylene from a hydrocarbon feed-
10 stock by catalytic conversion, which comprises contact-
ing, in a reactor, a hydrocarbon feedstock comprising
20 % by weight or more, based on the weight of the hy-

drocarbon feedstock, of at least one C4-Cj, olefin with

a zeolite-containing catalyst to thereby effect a cata-

15 lytic conversion reaction of the at least one C4-Cja
olefin, thereby obtaining a reaction mixture containing
ethylene and propylene. In the method of the present
invention, not only can ethylene and propylene be pro-
duced in high yields, but also the resistance of the

20 zeolite-containing catalyst to deactivation is high, so
that the production of ethylene and propylene can be
stably conducted for a prolonged period of time. In
addition, by the method of the present invention, in
the catalytic conversion of a hydrocarbon feedstock, it

25 becomes possible to suppress the by-production of hy-
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2 drogen, nethane, ethane and aromatic hydrocarbons, and inprove the
selectivity for ethylene and propyl ene. Further, the nethod of the present

i fvention is advantageous in that there is no need to use a reactor 5
system-having a conplicated system adapted for fre quently regenerating the
catal yst, and the desired eth- ylene and prgpylene can be produced using a
sinple re- actor system such as a fixed-bed, adiabatic reactor. 10 Prior
Art Various nethods for the catalytic conversion of a hydrocarbon

f eedst ock conpridesger, chethase, i athhhehand aeomaticcbydapaangonat abndt is
enpl oyed, are conven- tionally known. In addition, a nunber of reports have
15 been nmade on imphode thewsetachivityi fercenhylenagandapapp¥iens.used for
produci ng ethyl ene and propylene froma hydrocarbon feedstock conprised of
olefins by catalyticFenkiversi bhe mebeedroffthetprepenbwineantsnrdiseasons,
it was 20 difficult to stably produce ethyl ene and propylene ef- ficiently
from a hydr ocar bfVrkageoer ¥6n§FP§eHhSFe dFePPnBeB§ EQt 4F§t AcTEBAYEFSsi on
for a prolonged period  of tineg, usingga zeolite-containiag cat%Lést. Bot h

ethyl ene &nd propyFeffe BRELNG: 8 FRUPALEatER SY8LeReareRtBFofoFof *Eonverti ng
olefins to arOnaéﬁgngxgrgegenerating the catalyst, and the desired eth-

vylene and propylene can be produced using a simple re-

actor system, such as a fixed-bed, adiabatic reactor.

10 Prior Art
Various methods for the catalytic conversion of a
hydrocarbon feedstock comprised of olefins, in which a
zeolite-containing catalyst is employed, are conven-
tionally known. In addition, a number of reports have
15 been made on methods in which a zeolite-containing
catalyst is used for producing ethylene and propylene
from a hydrocarbon feedstock comprised of olefins by
catalytic conversion.
However, for the below-mentioned reasons, it was
20 difficult to stably produce ethylene and propylene ef-
ficiently from a hydrocarbon feedstock comprised of
olefins by catalytic conversion for a prolonged period
of time, using a zeolite-containing catalyst.
Both ethylene and propylene are intermediates of

25 the reaction for converting olefins to aromatic hydro-



3 carbons in the presence of a zeolite-containing cata- |yst, and these
et’hyl ene and propyl ene are converted to ultimate products, nanely aromatic
hydr ocarbons, by successive conversion reaction. 5 Therefore, when it is

i ntended to produce ethylene and propylene in high yields froma

hydr ocar bon feed- stock conprised of olefins by catalytic conversion us-
Ing a zeolite-containing catal yst, the acti@ity of the catalyst and the
reaction conditions nust be strictly 10 controlled. Illustratively stated,
when the catal ytearbéws i imt yhe Spiresehcghofind/ eeollheet copthdniongntatairng t he
hydr ocarbon feedstock with the catalyst is too long, the produced ethyl ene
and propyl ene arkyst keandtthése ethytehedand propwpdesearvgatoovhyliedciebons
by succes 15 sive reactions. On the other hand, when the catal ytic

activity is too bbwimaté opro@iectsnenamelyoaravaiihg hdropadboosr bbby
feedstock with the catalyst is too short, the yields of ethylene and
propyl ene are d|%@@Q%ﬁshYeg@@GEﬂysléﬂeFQQCtzgnDue to the high reactivity of
ol efins, deposition of carbonaceous material (coke) on the surface_of a
zeol i t e- c®nt ai ni ng cdf%ﬁy%fo{ﬁer@hﬁaf%Erlsthp§eﬂéﬁ€sF9 prefduge ebhglere
referred to as "coking") is |ikel occur durln the cata

ti
conver si on react3®H BFOBYﬁ9n951Bréé&PbBﬁeigﬁdEFBBK cBﬁﬂFP?@H y %F&Plns.

Ther ef or e,
stock comprised of olefins by catalytic conversion us-

ing a zeolite-containing catalyst, the activity of the
catalyst and the reaction conditions must be strictly

10 controlled. Illustratively stated, when the catalytic
activity is too high and/or the time for contacting the
hydrocarbon feedstock with the catalyst is too long,
the produced ethylene and propylene are likely to be
converted to ultimate aromatic hydrocarbons by succes-

15 sive reactions. On the other hand, when the catalytic
activity is too low and/or the time for contacting the
hydrocarbon feedstock with the catalyst is too short,
the yields of ethylene and propylene are disadvanta-
geously lowered.

20 Due to the high reactivity of olefins, deposition
of carbonaceous material (coke) on the surface of a
zeolite-containing catalyst (hereinafter, this deposi-
tion of coke is referred to as "coking”) is likely to
occur during the catalytic conversion reaction of a hy-

25 drocarbon feedstock comprised of olefins. Therefore,



4 when the conversion reaction is continuously perfornmed, the catalyst is
deactivated due to coking (hereinafter, this type of the deactivation of
the catalyst is fre- quently referred to as "coking deactivation"), so that
5 the catalytic activity is easily lowered. In general, when a catalyst is
deactivated by coking, the activity of the catalyst can be restored by
heating the deactivated catalyst in the prefence of oxygen-containing gas
so that the coke accunul ated on 10 the catalyst is burnt off. However, when
the regenera- tiviewpehdattonvessioneatadtyononguebrdintbasigt peyfbemed,
activity can no |onger be satisfactorily restored. The reason why the
catal ytic acti vitlye ceatabysdnger dbacsavatedf daeotol gokengo(bdresnaster,
follows. In the above 15 nmentioned regeneration operation, in which the
coke ac- cumul atgdisntype gfotheéedeattliyatips biéir bheothtaidyesmisi fre-
generated. Wen a zeolite is heated in the presence of the generated
steam the al uniauenblynseferrad zeoas| cekindi dhagtdvatiprne)si sestbatt he
zeolite, are elim 20 nated fromthe crystal framework of the zeolite by
hy- drol y8is reath¢opatabythat achéviey| ifceadhldi APNGTeEta- lyst is
permanent|ly deactivated (hereinafter, this type of the deactivation of the
catal yst is frequent |30 rEeReFRY. t BhgR ar%@%ﬂiV%Fibﬁ deaetivatesn®yY. 25 As

ment i oned above, especi al when a catalytic
coking, tﬂg activity of the catalyst can be restored by

heating the deactivated catalyst in the presence of
oxygen-containing gas so that the coke accumulated on

10 the catalyst is burnt off. However, when the regenera-
tion operation is repeatedly conducted, the catalytic
activity can no longer be satisfactorily restored. The
reason why the catalytic activity can no longer be sat-
isfactorily restored is as follows. In the above-

15 mentioned regeneration operation, in which the coke ac-
cumilated on the zeolite catalyst is burnt off, steam
is generated. When a zeolite is heated in the presence
of the generated steam, the aluminum atoms in the zeo-
lite, which are active sites of the zeolite, are elimi-

20 nated from the crystal framework of the zeolite by hy-
drolysis reaction, so that the zeolite-containing cata-
lyst is permanently deactivated (hereinafter, this type
of the deactivation of the catalyst is frequently
referred to as "regeneration deactivation”).

25 As mentioned above, especilially when a catalytic



5 conversion reaction of a hydrocarbon feedstock com prised of olefins is
performed using a zeolite- containing catalyst, the catalyst is likely to
suffer coking. In that case, it beconmes necessary to fre 5 quently perform
- the above-nentioned regenerati on opera- tion and, therefore, the
regeneration deactivation of the catalyst is nost likely to occur.

Unexam ned Japanese Patent Application Laid5Cpen Speci fication No.

49- 41322 (corresponding to British 10 Patent No. 1381427) discloses a

met hod for convebhvagspanafdearstion effi rzs hyrdicararbos deerdstfaaks com-

(napht henes), each having 5 or nore carbon atons, to aronatic- hydro-
carbons, ethyl epeiszed pfoplledims ils \performest otsamd @ medSME zeolite is
used as a catal yst. However, in this 15 nethod, the yields of ethylene and
propyl ene are | ewntaimdmensadradipti c thedraadalyats & o idgly ded suffedg a-
tively high yields. Unexam ned Japanese Patent Application Laid-Open
Speci fi cati on Nooki®gi9238 tbetr eegendiitgbeeoBeist NeFes3@IrPatentTRo.
1394979) discloses a nmethod for converting C2-C4 olefins and paraffins to
aromat i ¢ Shydr ocauesrtdy RemfigshehadrvresHeonad i Ianer Hriftb PR
ZSM5 zeolite is used as a catal yst. However, also in this nethod,_the
yields of ethyl &d@tam®dr JRARKOLG e Thiy TSESTAHRA D AR @A S bons

are produced in rela
P the catalyst is most likely to occur.

Unexamined Japanese Patent Application Laid-Open
Specification No. 49-41322 (corresponding to British
10 Patent No. 1381427) discloses a method for converting
paraffins, olefins and/or cycloparaffins (naphthenes),
each having 5 or more carbon atoms, to aromatic hydro-
carbons, ethylene and propylene, in which a proton form
ZSM-5 zeolite is used as a catalyst. However, in this
15 method, the yields of ethylene and propylene are low,
whereas aromatic hydrocarbons are obtained in rela-
tively high yields.
Unexamined Japanese Patent Application Laid-Open
Specification No. 50-49233 (corresponding to British
20 Patent No. 1394979) diécloses a method for converting
Cp-C4 olefins and paraffins to aromatic hydrocarbons,
ethylene and propylene, in which a proton form ZSM-5
zeolite is used as a catalyst. However, also in this
method, the yields of ethylene and propylene are low,

25 whereas aromatic hydrocarbons are produced in rela-



6 tively high yields. U S Patent Nos. 4,527,001 and 4,613,721 disclose a

met hod for converting butene to ethylene and propyl - ene,

in which an

al um nophosphat e nol ecul ar sieve is 5 used. However, also in this method,

- the yields of eth- ylene and propyl ene are | ow. Unexam ned Japanese Pat ent
Application Laid-Open Specification No. 3-27327 (corresponding to U.S.
Patent No. 5,043,522) discloses a nethod fBr produci ng ethyl 10 ene and
propyl ene, which conprises contacting a hydro- carbon feedstock conprised
of a m xture of tpaleafyf iyh arikid«fins (each having 4 or nore carbon atons)
with a proton formZSM5 zeolite as a catalyst, wherein the mxture has a
speci fic conpositionU.kSawPatrent Ndshi st, B2 n@diodhna He, &ddhwikdlsidirs adfostehe
hydr ocarbon feedstock is low, so that it is required to recycle a |large
amount  of unr eac medt Hodl ricoa rdyoTvéteided okt erlen excars el e sand P TRR BTt
Application Laid-Open Specification No. 6-73382 (corresponding to U S.
Patent 20 No. ®©ne71,i90 Whidihs drosslaml mmniaaphiate damhaguidy CR@O0LS

hydr ocarbons to et hyl ene and propylene, in which a specific proton form
ZSM5 zed ite cewedi-ni HWeNEIphalsoudn $hisemeihoq .cdbg ydeldsondy &th-in
this method, wth respect to the conversion reaction results in the 25

case where only Y3edg fNHRFAREPLRE are ekWst ock, the

Unexamined Japanese Patent Application Laid-Open

Specification No. 3-27327 (corresponding to U.S. Patent

No. 5,043,522) discloses a method for producing ethyl-

10 ene and propylene, which comprises contacting a hydro-

carbon feedstock comprised of a mixture of paraffins

and olefins (each having 4 or more carbon atoms) with a

proton form ZSM-5 zeolite as a catalyst, wherein the

mixture has a specific composition. However, in this

15 method, the conversion of the hydrocarbon feedstock is

low, so that it is required to recycle a large amount

of unreacted hydrocarbon feedstock.

Unexamined Japanese Patent Application Laid-Open

Specification No. 6-73382 (corresponding to U.S. Patent

20 No. 5,171,921) discloses a method for converting C3-Cjzg

hydrocarbons to ethylene and propylene, in which a

25

specific proton form ZSM-5 zeolite containing phospho-
rus is used as a catalyst. However, in this method,
with respect to the conversion reaction results in the

case where only olefins are used as a feedstock, the



7 performance of the catalyst is evaluated only in the initial stage of

t he conversion reaction, nanely, 1 mnute after the start of the feeding
of the feedstock. As a feature common to all of the above-nentioned 5
conventi onal nethods, there can be nmentioned the use of a proton form
zeolite as a catalyst. In general, a proton formzeolite has strong
acidity, and such a catalyst is likely to dause successive conversion
reac- tions of ethylene and propylene to formaromatic hydro 10 carbons.
Thus, in all of gdrrahmmcaant | thedatedysls,is ievabuatidédieuly im therove
the yields of ethylene and propylene. Further, when a hydrocarbon

f eedst ock com pniseihbfstagd il the useniversiowtreadbion zaoamnekyisl |ikely
to suffer not only coking deactivation but also 15 regeneration
deactivation. | mtienutz iaffedr Pehenstappl € athonf ebding 22F obhqofeedporrh 3331
di scl oses a zeolite catalyst containing no proton, and a nethod for
converting a hydrocasora feature geemnen ety Eheof plp\ 3RS MR R cl i ¢
aromatic 20 hydrocarbons in presence of the zeoljite catal s& con 25 tajning
no protort The AnNSAtieral Metheds. nEReBY 73N B¢ AEREEOESd FREtRE? The

regeneration deactivation of the catalyst 1is Sf?g{ES%Fd. However,_the
probl em of occurd dketep form zeolite as a cata . n general, 'a

proton form zeolite has strong acidity, and such a
catalyst is likely to cause successive conversion reac-
tions of ethylene and propylene to form aromatic hydro-
10 carbons. Thus, in all of the above-mentioned methods,
it is difficult to improve the yields of ethylene and
propylene. Further, when a hydrocarbon feedstock com-
prised of olefins is used, a proton form zeolite is
likely to suffer not only coking deactivation but also
15 regeneration deactivation.
International Patent Application publication No.
W096/13331 discloses a zeolite catalyst containing no
proton, and a method for converting a hydrocarbon feed-
stock to ethylene, propylene and monocyclic aromatic
20 hydrocarbons in presence of the zeolite catalyst con-
taining no proton.
The catalyst used in this method is advantageous
in that the regeneration deactivation of the catalyst
is suppressed. However, the problem of occurrence of

25 the coking deactivation of the catalyst remains un-



the coking deactivation of the catalyst remains un 5 8 solved. Therefore,
when a hydrocarbon feedstock con- taining a |arge amount of olefins is used
as a feed- stock, the catalyst is likely to suffer coking deacti- vation.
- Further, in this nethod, conversion reactions of paraffins occur
simul taneously with the conversion re- actions of olefins. For this reason,
| arge anounts of various types of gases by8produced during the conver-
sion reactions of paraffins (i.e., so-called "off 10 gases"), such as
hydrogen and negbaged.getrhars€drent @hehha hgdebrcambonxfeedstdbkr ebore, this
met hod i s disad- vantageous in that the separation of ethylene and pro-
pyl ene from t hetagadhigoa Mattger ancund foffi cllefinsn iamddisedoms tehfeed-
above-nmenti oned conversion reac- 15 tions of paraffins are endothermc, so
that it is re- gtockd tthesuppialvdte irsedditkerlynittch sufifagyedrnmidesctiteat .
Therefore, in this nethod, a conplicated, expen- sive reaction systemis
requi red. 20 SUMEBRYNOF THE | NVENTION In this situation, the present
i nventors have nmade extensive and intensive studies with a view toward de-
vel opi ng5a met hod f oFumtdeasi g ditHyd aechash SIBALEION ZRATHDE @t only
suppress the coking deactivation and . )

paraffins occur simultaneously with the conversion re-

actions of olefins. For this reason, large amounts of
various types of gases by-produced during the conver-
sion reactions of paraffins (i.e., so-called "off
10 gases”), such as hydrogen and methane, get mixed into
the reaction mixture. Therefore, this method is disad-
vantageous in that the separation of ethylene and pro-
pylene from the reaction mixture is difficult.
In addition, the above-mentioned conversion reac-
15 tions of paraffins are endothermic, so that it is re-
quired to supply the reactor with a large amount of
heat. Therefore, in this method, a complicated, expen-

sive reaction system is required.

20 SUMMARY OF THE INVENTION

In this situation, the present inventors have made
extensive and intensive studies with a view toward de-
veloping a method for producing ethylene and propylene,
which do not only suppress the coking deactivation and

25 regeneration deactivation of the catalyst, which are



25 regeneration deactivation of the catalyst, which are 9 problens

I nevitably acconpanyi ng the conventional nethods for produci ng ethyl ene
ahd propyl ene froma hy- drocarbon feedstock by catal ytic conversion using
~a zeolite-containing catalyst, but also nakes it possible 5 to efficiently
and stably produce ethyl ene and propyle- ne for a prolonged period of tine.
As a result, it has unexpectedly been founfl that, in the nethod for
produc- ing ethyl ene and propyl ene froma hydrocarbon feedstock by

cat al yti c convepsiodlemshiitie vAadapls eicompasting, the cddhwerrteiantadr, a

hydr ocar bon feedstock conprising at |least one C4-Cl2 olefin with a

zeol i t e- cont ai nimeghodisalfyat provdudiare Brmfifesst and giraipptlienea o A dy -
reaction of the at |east one C4-Cl2 olefin, thereby obtaining a reac- tion
m xt ure cont ai nidmgcatringine Ifee eset qurko iyt eves;a lariii d Scanersitdm s ing at hyl ene
and propylene fromthe reaction mxture, when a zeolite satisfying the

bel ow nent i oned zesgddie-contegninomatrivstusditaals gy akes ith rosaihle
lite-containing catal yst, not only does it becone pos- sible to produce
desired &t hyl end&cardfdpptdie and v tEPI gre@iee e thylenh@and PV Ya =l ds,
but also the coking deactivation and regeneration deactivation of _the
catal yst are supsr &€fe@ RXPkanged ﬁ@rp‘rQﬁglRﬁ ibHef Ashé Fesuldd dith¥eéne

and propyl ene can be stably con- ducted for a roIoand q&hgd of Hine,
even i f the hy unexpectedly been found that, in the metho or produc-

ing ethylene and propylene from a hydrocarbon feedstock
by catalytic conversion, which comprises contacting, in
10 a reactor, a hydrocarbon feedstock comprising at least

one C4-Cqp olefin with a zeolite-containing catalyst to

thereby effect a catalytic conversion reaction of the
at least one Cy4-Cjp olefin, thereby obtaining a reac-
tion mixture containing ethylene and propylene; and

15 separating the ethylene and propylene from the reaction
mixture, when a zeolite satisfying the below-mentioned
specific requirements is used as a zeolite in a zeo-
lite-containing catalyst, not only does it become pos-
sible to produce desired ethylene and propylene with

20 high selectivity and in high yields, but also the
coking deactivation and regeneration deactivation of
the catalyst are suppressed, so that the production of
the desired ethylene and propylene'can be stably con-
ducted for a prolonged period of time, even if the hy-.

25 drocarbon feedstock comprises a high concentration



25 drocarbon feedstock conprises a high concentration 10

(i.e., 20 % by

wei ght or nore) of at |least one C4-Cl2 olefin. In the nethod of the
present invention, the zeolite in the zeolite-containing catalyst
satisfires the follow ng specific requirenents: 5 (1) the zeolite is an

I nternmedi ate pore size zeolite having a pore size of from5 to 6.5 A (2)
the zeolite contains substantially no proto%? (3) the zeolite contains at
| east one nmetal selected fromthe group consisting of netals belonging to
G oup 10 IB of (fhe.ReRilodi byTateightamdt t®re)) chetzdaadste dmes GyrCy o

S102/ Al 203 nol ar ratio of from 200 to 5,000. The present

i nventi on has

been conpl et ed, obefdd .onInt hhe metbbdf pAdthg. pAesendi nghentibni, sthei mary
obj ect of the present invention to provide a nmethod for stably and effi-
ciently produci agoétiftel dme tied zeodpgHeemonftadind ny catladigad sedriisdides tine,
whi ch makes it possible to sup- press not only the coking deactivation but
al so the re 20 §Brefalilowigdasperdtfiion nelquiremeattsisyst, which are problens
i nevitably accogganying t he conventional nethods for producing ethyl ene

and propyl ene f

having a pore size of from 5 to 6.5 A,

h athe @eedditsod sf daddndermeddadienDoFeolsdfaengaplidat al ytic

(2) the zeolite contains substantially no proton,

(3) the zeolite contains at least one metal selected

from the group consisting of metals belonging to Group

10 IB of the Periodic Table, and

(4) the zeolite has an Si05/Al,03 molar ratio of from

200 to 5,000.

The present invention has been completed, based on

this novel finding.

15 Accordingly, it is primary object of the present

invention to provide a method for stably and effi-

ciently producing ethylene and propylene for a pro-

longed period of time, which makes it possible to sup-

press not only the coking deactivation but also the re-

20 generation deactivation of the catalyst, which are

problems inevitably accompanying the conventional

methods for producing ethylene and propylene from a hy-

drocarbon feedstock containing olefins by catalytic

conversion using a zeolite-containing catalyst.

25 The foregoing and other objects, features and ad-



conversion using a zeolite-containing catalyst. 25 The foregoing and ot her
obj ects, features and ad 11 vantages of the present invention will be
apparent to those skilled in the art fromthe foll ow ng detailed

" description and appended clains taken in connection wth the acconpanying
drawi ng. 5 BRI EF DESCRI PTION OF THE DRAWNG |In the acconpanyi ng draw ng:
Fig. 1 is a flow sheet showi ng one node of the nmethod of the present

i nventiron for producing ethylene 10 and propyl ene. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON  Hafeagesyolfo thiee piesedit! inreaitiiiodn witihenr iappair@dtded a

met hod for producing ethylene and propylene 15 from a hydrocarbon

f eedst ock by cathbgei ekidldedr inOfthe \atitC Freahies &1 10WinacC idet@ilied a
reactor, a hydrocarbon feedstock conprising 20 % by wei ght or nore, based
on the wei ght désthéphjidnoaadhappeaddst adlaimsf tatkdnedst commecAiCh? 20
olefin with a zeolite-containing catalyst to thereby effect a catalytic
conver si on reacwith thet aecampasying dmawdfgCl2 ol efin, thereby obtaining a
reaction m xture containing ethylene and propyl ene, wherein the zeolite in
t he zeol bt e-containi ng

BRIEF DESCRIPTION OF THE DRAWING

In the accompanying drawing:
Fig. 1 is a flow sheet showing one mode of the
method of the present invention for producing ethylene

10 and propylene.

DETATILED DESCRIPTION OF THE INVENTION

According to the present invention, there is
provided a method for producing ethylene and propylene
15 from a hydrocarbon feedstock by catalytic conversion,
which comprises:
contacting, in a reactor, a hydrocarbon feedstock
comprising 20 % by weight or more, based on the weight
of the hydrocarbon feedstock, of at least one C4-Cjpj
20 olefin with a zeolite-containing catalyst to thereby
effect a catalytic conversion reaction of the at least
one C4-Cjy olefin, thereby obtaining a reaction mixture
containing ethylene and propylene,
wherein the zeolite in the zeolite-containing

25 catalyst satisfies the following requirements (1), (2),



25 catal yst satisfies the followng requirenents (1), (2), 12 (3) and (4):
(1) the zeolite is an internediate pore size zeolite having a pore size of
from5 to 6.5 A (2) the zeolite contains substantially no proton, 5 (3)
the zeolite contains at | east one netal selected fromthe group consisting
of metals belonging to Goup [|B of the Periodic Table, and (4) the zeolite
has an Si 02/ A1203 nolar ratio of from 200 t{# 5,6000; and 10 separating the
et hyl ene and propylene fromthe re- action m xture. For easy understandi ng
of the present ipypnah@n(4)the essential feature and various enbodi nents of
the 15 present invention is enunerated below. 1. A nethod for producing

et hyl ene and propy) enehérosvlatayisoaar hnbetnedshoekpbyecatiabybkeolite
conversion, which conprises: 20 contacting, in a reactor, a hydrocarbon

f eedst ock conprhavimgg28 poby wezghbfofromr §, thased 8n the weight of the
hydr ocar bon feedstock, of at |east one C4-Cl2 olefin with a

zeol i t e- cont ai ni 63) catheyzeolbtehepnbgingf substantiadlyt he posatensi on

reaction of the at |east 25 one C4-Cl2 ol efin, thereby obtaining a reaction
m xture 13 (3) the zeolite contains at least one metal selected

from the group consisting of metals belonging to Group
IB of the Periodic Table, and
(4) the zeolite has an Si03/Al703 molar ratio of from
200 to 5,000; and

10 separating the ethylene and propylene from the re-

action mixture.

For easy understanding of the present invention,
the essential feature and various embodiments of the

15 present invention is enumerated below.

1. A method for producing ethylene and propylene f£rom
a hydrocarbon feedstock by catalytic conversion, which
comprises:

20 contacting, in a reactor, a hydrocarbon feedstock
comprising 20 % by welight or more, based on the weight
of the hydrocarbon feedstock, of at least one Cy4-Cjj
olefin with a zeolite-containing catalysf to thereby

effect a catalytic conversion reaction of the at least

25 one C4-Cj1p olefin, thereby obtaining a reaction mixture



cont ai ni ng et hyl ene and propyl ene, wherein the zeolite in the
zeolite-containing catalyst satisfies the follow ng requirenents (1), (2),
(3) and (4): 5 (1) the zeolite is an internedi ate pore size zeolite having
a pore.size of from5 to 6.5 A (2) the zeolite contains substantially no
proton, (3) the zeolite contains at |east one netal selected fromthe
group consisting of netals belonging to Gotd 10 IB of the Periodic Table,
and (4) the zeolite has an Si 02/ A120G3 nol ar ratio of from 200 to 5, 000;
and separati ng theataihingne thyd epreopilde prdpydreriehe re- action m xture. 15
2. The nmethod according to item 1 above, wherein the separation of the

et hyl ene and propyl ewhefredm tthe rzeadditel dm rhhet e liis ecooticiod nigy
separating the reaction mxture into fraction A conprised mainly of
hydrogen 20 and claydlysdr isatsi dfaesndghe tiwld ayaimg reguimenent s r@@dod-. tiZ2on B
conprised mainly of at |east one hydrocarbon having 4 or nore carbon
atons, followed(By swdar(at)i:on of the ethylene and propylene fromfraction
A. 25 3. The nethod according to item 2 above, which 14 further conprises
separati ®g the f(ddct ithe Beodddef dgcan intermediate pore size zeolite

having a pore size of from 5 to 6.5 A,
(2) the zeolite contains substantially no proton,
(3) the zeolite contains at least one metal selected
from the group consisting of metals belonging to Group
10 IB of the Periodic Table, and

(4) the zeolite has an SiO,/Al,03 molar ratio of from
200 to 5,000; and

separating the ethylene and propylene from the re-

action mixture.

15
2. The method according to item 1 above, wherein the
separation of the ethylene and propylene from the reac-
tion mixture is conducted by separating the reaction
mixture into fraction A comprised mainly of hydrogen

20 and hydrocarbons having 1 to 3 carbon atoms and frac-

tion B comprised mainly of at least one hydrocarbon
having 4 or more carbon atoms, followed by separation

of the ethylene and propylene from fraction A.

25 3. The method according to item 2 above, which



tion Bl conprised mainly of at |east one hydrocarbon having 4 to 8 carbon
atons and fraction B2 conprised mainly of at |east one hydrocarbon having
9'or nore 5 carbon atons, and recycling at least a part of the fraction Bl
to the.reactor so as to use at |least a part of the fraction Bl as a part
of the hydrocarbon feed- stock. 10 4. The nethod according to item 2 above,
wherein the fraction Bis subjected to stebfncracking to thereby obtain a
st eam cracki ng product containing ethylene and propylene, followed by
separation of thkarehly edmpiitessepdrentany ahd Fraitdam @ dakindg gamduct .
15 5. The method according to any one of itens 1 to 4 above, wherein the
hydr ocar bon feedsbacBcoomprsiesdainlyy ofeiaghtle@s thone, HygdnarafiPathe

wei ght of the hydrocar- bon feedstock, of at |east one C4-Cl2 olefin. 20 6.
The nethod accohdiviggt @ &y Sormaxdfori tadrans] ansl Fragichon Btheadamork3fd zeolite
further contains at |east one netal selected fromthe group consisting of
al kali netal s madndlykalfi md darast netenlhydrdsarpon Henelngetholr #EF ding to

any one of itens 1 to 6 above, wherein, prior to the contactinqlmjth t he
hydr o- 5 carbon atoms, and recycling at least a part of the

fraction Bj to the reactor so as to use at least a part

of the fraction Bj as a part of the hydrocarbon feed-

stock.

10 4. The method according to item 2 above, wherein the
fraction B is subjected to steam cracking to thereby
obtain a steam cracking product containing ethylene and
propylene, followed by separation of the ethylene and

propylene from the steam cracking product.

15
5. The method according to any one of items 1 to 4
above, wherein the hydrocarbon feedstock comprises 50 %
by weight or more, based on the weight of the hydrocar-
bon feedstock, of at least one C4-Cjp olefin.

20

6. The method according to any one of items 1 to 5
above, wherein the zeolite further contains at least
one metal selected from the group consisting of alkali
metals and alkaline earth metals.

25



carbon feedstock, the zeolite-containing catalyst is heated in the
presence of steamat a tenperature of 5 500 C or nore. 8. The nethod
according to any one of itens 1 to 7 above, wherein the at |east one netal
- selected fromthe group consisting of nmetals belonging to Goup IB of the
10 Periodic Table is silver. 9. The nmethod according to any one of itens 1
to 8 above, wherein the zeolite is selected3romthe group consisting of
zeolites belonging to the ZSM5 zeolite 15 family. 10. The net hod

accordi ng to any; one e inetlod decdranbpvier aferaiea éheicetsal ytie 6
conversion reaction of the at |least one C4-Cl2 olefin is effected at a
tenperature 20 afbdveomwidérdbn 70pr{onntertize pressacting ¥itm thd hpdrdo
atm and at a weight hourly space velocity of from1l to 1000 hr-1. 11. The
met hod accor di ngcdrbanyfeands obckt etbe 1z¢ol Pt@5cabbabningecatalydt tatal ytic
conversion reaction of the 16 at |east one C4-Cl2 olefin is effected at a
tenperature of Heaed(ODntthg(pPréseamde aof astheamhat haukeéyprepatereect| ocity
of from1l to 1000 hr-1, and wherein the hydro- carbon feedstock is a

m xture thereof 3MAN G @f ImeRe-5 gas, and the partial pressure of the

hydr ocarbon feed- stock in the mxture is fromO0.1 to 10 atm

8. The method according to any one of items 1 to 7
above, wherein the at least one metal selected from the
group consisting of metals belonging to Group IB of the

10 Periodic Table is silver.

9. The method according to any one of items 1 to 8
above, wherein the zeolite is selected from the group
consisting of zeolites belonging to the ZSM-5 zeolite

15 family.

10. The method according to any one of items 1 to 9
above, wherein the catalytic conversion reaction of the
at least one C4-Cjp olefin is effected at a temperature
20 of from 400 to 700 °C under a pressure of from 0.1 to
10 atm. and at a weight hourly space velocity of from 1

to 1000 hr-1l,

11. The method according to any one of items 1 to 9

25 above, wherein the catalytic conversion reaction of the



10 15 Hereinbelow, the present invention is described in detail. In the
met hod of the present invention, a hydro- carbon feedstock conprising 20 %
by wei ght or nore, based on the weight of the hydrocarbon feedstock, of at
- | east ane C4-Cl2 olefin is used as a feedstock for pro- ducing ethylene and
propyl ene. In the present invention, the term "hydrocarbon feedstock”
nmeans a feedstock which is conprised nainlyl6of at | east one Cl-Cl12

hydr ocarbon, such as at |east one nenber selected fromthe group

consi sting of aatl-le@kst moverely farafdiefimnis sobecled mt an weReraturey 20
cl oparaffin (naphthene) and a cycloparaff in having an al kyl side chain.
In the nmethod ofoft Hrqmr esENtto M@t @nand het abovelghieMownty $BRPHCE bon
feedst ock conprises 20 % by weight or nore, based on the weight of the
hydr ocarbon 25 flerdstyocd€ Mfomtl |E@sIo@mehcs! Clendldierein ttihowdrde 17
noted that the term"olefin" mentioned above neans cy- cloparaffins as well
as strai ght chaigartsmarfgrdstorckyis cd iristere nkhe wheh ot et H1eht ent  of

t he hydrgfarbon feed- 5 stock is |ess than 20 92 % gields of ethgégpe and

he
gas, and the partial pressure o he hydrocarbon £

stock in the mixture is from 0.1 to 10 atm.

Hereinbelow, the present invention is described in
detail.

10 In the method of the present invention, a hydro-
carbon feedstock comprising 20 % by weight or more,
based on the weight of the hydrocarbon feedstock, of at
least one Cy4-Cjp olefin is used as a feedstock for pro-
ducing ethylene and propylene. |

15 ' In the present invention, the term “hydrocarbon

feedstock” means a feedstock which is comprised mainly

of at least one C;-Cjp hydrocarbon, such as at least
one member selected from the group consisting of a Cj-
C12 normal paraffin, an isoparaffin, an olefin, a cy-
20 cloparaffin (naphthene) and a cycloparaffin having an
alkyl side chain.
In the method of the present invention, the above-
mentioned hydrocarbon feedstock comprises 20 % by

weight or more, based on the weight of the hydrocarbon

25 feedstock, of at least one C4-Cjp olefin. It should be



propyl ene are unsatisfactory. The content of at |east one C4-Cl2 olefin in
the above-nentioned hydrocarbon feedstock is preferably 30 % by wei ght or
nore, nore preferably 40 % by weight 10 or nore, nost preferably 50 % by
“wei ght -or nore, based on the weight of the hydrocarbon feedstock. The

hydr ocar bon feedstock may contain, as inpuri- ties, oxygen-containing
conpounds, such as tert-butanol, nethanol ¥hd the like, in small anounts.
15 Exanpl es of hydrocarbon feedstocks which can be preferably used in the

present inventifnstéackHde: thé) tard “blagindnmandidnea bbaskl fRanscRg-at ed
froma product obtained by subjecting a petrol eum hydrocarbon, such as

naphtha, to thechepacag€khBgas2We(l) ag ktaaligat ebhannedraychedovirngya part
or all of butadiene and isobutene fromthe C4 fraction nmentioned in item
(1) above; (3) alicaolesmnsbtained by renmoving a part or all of isoprene
and cycl opentadi ene fromthe C5 fraction nen- 25 tioned in item (1) above;
18 (4) a 4 fracti odhendthegadefinecbnéehitonf shpahgtiedcatbom &epdeduct
obt ai ned by subjecting a petrol eum hy- drocarbon, such as a vacuum gas oil,
to fluid5catal ystockr askilags( EBap; 2and& .5the) ydeCdsf odiceitbylene andasol i ne
fraction, separated

propylene are unsatisfactory.

The content of at least one C4-Cjp olefin in the
above-mentioned hydrocarbon feedstock is preferably
30 ¥ by weight or more, more preferably 40 % by weight

10 or more, most preferably 50 % by weight or more, based
on the weight of the hydrocarbon feedstock.

The hydrocarbon feedstock may contain, as impuri-
ties, oxygen-containing compounds, such as tert-butanol,
methanol and the like, in small amounts.

15 Examples of hydrocarbon feedstocks which can be
preferably used in the present invention include:
(1) a C4 fraction and a C; fraction, separated from a
product obtained by subjecting a petroleum hydrocarbon,
such as naphtha, to thermal cracking;

20 (2) a fraction obtained by removing a part or all of

butadiene and isobutene from the C4 fraction mentioned
in item (1) above;

(3) a fraction obtained by removing a part or all of

isoprene and cyclopentadiene from the Cg fraction men-

25 tioned in item (1) above;



froma coker. These hydrocarbon feedstocks can be used individu- ally or in
conbination. In the nethod of the present invention, the above- 10
ment i oned hydrocarbon feedstock is contacted with a specific
zeolite-containing catalyst to thereby effect a catalytic conversion
reaction of the at |east one C4- Cl2 olefin contained in the

above- menti oned hydrocarbon feedstock, thef&by obtaining a reaction

m xture con 15 taining ethylene and propyl ene, and the ethyl ene and

propyl ene are tHeh sepdptirhdtion tdared reagasohime xiraetion n separatdrdd of
the present invention, the above nentioned zeolite in the

zeol i t e- cont ai nifiprc at gyesducs okt sined| bedsib et hregli at pe foo e wn Zey -
zeolite" which is a 20 zeolite having a pore size of from5 to 6.5 A The
term "internmedi awogrorteors) zpigeods te@"vacaum gagzeonll i eto whlehd heastalypotr e
size internedi ate between the pore size of the small pore size zeolite
(such as an A-typ@ckiqg i {RJC hndande pore size of the large pore size zeo
25 lite (such as a nordenite, an X-type zeolite and a Y 19 type zeolite),
i.e., a Zeolite Coht @ MinFBENRDAMY 2 193RI tHRTH IR al SERAFRNRS K

t hereof. Exanples of internediate pore size zeolites in- clude ZSM 5,

ZSM 8, ZSM 11, Z&@M A 9di@D1, zSM 23, 5 ZSM 35 and ZSM 38. O these,

zeolites of the ZSM-51‘hese hydrocarbon feedstocks can be used individu-
ally or in combination.
In the method of the present invention, the above-
10 mentioned hydrocarbon feedstock is contacted with a

specific zeolite-containing catalyst to thereby effect

a catalytic conversion reaction of the at least one C4-

Cj12 olefin contained in the above-mentioned hydrocarbon

feedstock, thereby obtaining a reaction mixture con-

15 taining ethylene and propylene, and the ethylene and
propylene are then separated from the reaction mixture.

In the method of the present invention, the above-

mentioned zeolite in the zeolite-containing catalyst is
a so-called “intermediate pore size zeolite” which is a

20 zeolite having a pore size of from 5 to 6.5’A. The
term “"intermediate pore size zeolite" means a zeolite
which has a pore size intermediate between the pore
size of the small pore size zeolite (such as an A-type
zeolite) and the pore size of the large pore size zeo-

25 lite (such as a mordenite, an X-type zeolite and a Y-



famly, such as ZSM5, ZSM8 and ZSM 11; and ZSM 38 are preferred. In
addition, the zeolites described in "Stud. Surf. Sci. Catal." 33, pp.
167-215, witten by P. A Jacobs and J. A Martens (published in the

" Net her .10 | ands, 1987), which are anal ogues of ZSM5 and ZSM 11, can be
used. Anong the above-nentioned zeolites, ZSM5 1is nost preferred. In the
present invention, a zeolite containing sub8tantially no proton is used.
The term "containing 15 substantially no proton" neans that a proton
content (i.e, adypecddnteof ihe. aboveeokinte amttaaouing el -snenhé@edmol or
| ess per gram of zeolite, as neasured by the liquid phase ion

exchange/ fil trateingd riat itdre netywichl efqrreewack bdieweofr ef erabl y, the proton
content of the 20 above-nentioned zeolite is 0.01 mmol or |ess per gram of
zeolite. The liquid xswlan akclnaremiddiatetponeg t9iae eokhididdin s
described in Intrazeolite Chemstry, "ACS Synp. Ser.ff, 218, pp. 369-382
(U S. A, 19831; cdNiudsn 28M-%5, ZRHGU SFRM{BUl | B3N dF 35 Thend P4t 23B0ci ety of
Japan), 20 3, pp. 521-527 (Japan, 1989) and the |ike. Measurenent of the
proton cdntent iZSMaYT ians cAiMa38 f olOfothess . zeqlites oG fedl i air,

and the calcined zeolite is subjected to an ion exchange treg%herregé usi ng
an aqueous 5 Nadamighiu | BHEh b seicht | SM1heandoftiell s 21| 2 elf are

preferred. In addition, the zeolites described in

“"Stud. Surf. Sci. Catal.” 33, pp. 167-215, written by P.

A. Jacobs and J. A. Martens (published in the Nether-

10 lands, 1987), which are analogues of ZSM-5 and ZSM-11,

can be used. Among the above-mentioned zeolites, ZSM-5
is most preferred.
In the present invention, a zeolite containing
substantially no proton is used. The term “containing
15 substantially no proton” means that a proton content
(i.e, acid content) of the above-mentioned zeolite is
0.02 mmol or less per gram of zeolite, as measured by
the liquid phase ion exchange/filtrate titration method
explained below. Preferably, the proton content of the
20 above-mentioned zeolite is 0.01 mmol or less per gram
of zeolite.
The liquid phase ion exchange/filtrate titration

method is described in Intrazeolite Chemistry, “ACS

Symp. Ser.”, 218, pp. 369-382 (U.S.A., 1983); Nihon Ka-

25 gakukaishi (Bulletin of the Chemical Society of Japan),




by filtration, thereby obtaining an ion exchanged zeo- lite and a filtrate.
The ion exchanged zeolite is washed with high purity water and the whole
anount of the resultant washings are collected. The collected 10 washi ngs
are mxed with the above-obtained filtrate to thereby obtain a solution

m xture. The proton content of the obtained solution m xture is neasured
by neu- tralization titration, and the obtaf®ed value is de- fined as the
proton-content of the zeolite. 15 An anmmoniumion-formzeolite and a

nul tival ent netal pgAt isgn-fsprm GRYldd € B D ardl e 18Hd h Mebaurement
tion-formzeolite) are known to generate protons by heating. Therefore,
prior to the pretforneopryiomBaftdiitemBNtcdnr ide atows moltliowed &et hod, a
zeolite should 20 be calcined. The above-nentioned zeolite used in the

met hod of the pleeddrie ity erdlicimeDnirmiaisr ataddadte ol aieteal = litectied
fromthe group consisting of netals belonging to Goup IB of the Periodic
Tabl e (herei naf tseabjefatequed |an 2on efxarhragthd o reea tanenGr auplnd anetagugous
nanely, at |east 21 one netal selected fromthe group consisting of copper,
silver arsd gol dNaOl tsiedget imgt al Subseapen tayd §hﬁv@ﬁoli&ﬁei§r@pégﬁ@@Pdand
silver is especially preferred. The term "periodic table" neans the
periodic tabl e by ddddimatdebrat gpabyl eltaining G Iph@sdiengeHaf st ry

lite and a filtrate. The ion exchanged zeolite is

washed with high purity water and the whole amount of
the resultant washings are collected. The collected

10 washings are mixed with the above-obtained filtrate to
thereby obtain a solution mixture. The proton content
of the obtained solution mixture is measured by neu-
tralization titration, and the obtained value is de-
fined as the proton content of the zeolite.

15 An ammonium ion-form zeolite and a multivalent
metal cation-form zeolite (e.g., a rare earth metal ca-
tion-form zeolite) are known to generate protons by
heating. Therefore, prior to the proton content meas-
urement by the above-mentioned method, a zeolite should

20 be calcined.

The above-mentioned zeolite used in the method of
the present invéntion contains at least one metal se-
lected from the group consisting of metals belonging to
Group IB of the Periodic Table (hereinafter, frequently

25 referred to as a “"Group IB metal”), namely, at least



and Physics (75th Edition) witten by David R Lide et al. (published by
CRC Press Inc., 1994-1995). The term "zeolite containing a Goup IB netal"”
nmeans a zeolite containing a Goup IB netal in the form 10 of cations.
However, in addition to the cations of Goup IB netals, the zeolite may
further contain Goup IB netals in other forns, such as an oxide form As
exanpl es of nethods for incorporating a C?o%b IB netal into a zeolite,
there can be nentioned a nmeth- 15 od in which a zeolite containing no G oup
I B netal is treanedmeyrad calesrtddatometitedroyrs oass iatimn ek -cagme

met hod, an inpregnation nethod and a kneading nethod. Anong these nethods,
an i on exchange sdBtviead angl gorlef.er O€d th2ge\\netadss .i coppechangde sidviad i s
used to incorporate a Goup IB netal into a zeolite, a Goup IB netal salt
is used. Exanpl ereofprefenred matdlsislatexs J'ishcﬂ&mi@lllly \mrefignredt e, silver
acetate, silver sulfate, copper chloride, copper sulfate, cop er nltrate
and gold chlo- 25 ri gbe reImhépeniodis d%ﬂh]qﬁtulﬂtﬁaqﬂ ihentnesi

to the Goup IB netal content of the zeolite, but prefera- the C}oup

| B et al Scont endessibag @toPages Loty 1%@@&_:&@29@_%@%@%

to 3 % by weight, 5 based on the MBI%ht of the zeolite. t e C? p | B
and Physics (75th Edition) written by Dav1d Lide

al. (published by CRC Press Inc., 1994-1995).

The term “zeolite containing a Group IB metal”
means a zeolite containing a Group IB metal in the form

10 of cations. However, in addition to the cations of
Group IB metals, the zeolite may further contain Group
IB metals in other forms, such as an oxide form.

As examples of methods for incorporating a Group
IB metal into a zeolite, there can be mentioned a meth-

15 od in which a zeolite containing no Group IB metal is
treated by a conventional method, such as an jion ex-
change method, an impregnation method and a kneading
method. Among these methods, an ion exchange method is
preferred.

20 When an ion-exchange method is used to incorporate
a Group IB metal into a zeolite,_a Group IB metal salt
is used. Examples of Group IB metal salts include sil-
ver nitrate, silver acetate, silver sulfate, copper
chloride, copper sulfate, copper nitrate and gold chlo-

25 ride.



metal content of a zeolite in a zeolite-containing catalyst is |ess than
0.01 % by weight, the catalytic activity of the catalyst is

unsati sfactory. On the other hand, when the Goup IB netal content of a
zeo 10-lite in a zeolite-containing catalyst is nore than 5 % by wei ght,
the catal yst usually shows no further im provenment in the catalytic
activity thereof. The G oup IB netal contem?of a zeolite can be neasured
by a cenventional nethod, such as fluorescent 15 X-ray analysis. In the
met hod of the presenfThemeedsi an, partisular qimicdttibat wilth aespectemnbi oned
zeolite has an Si02/A1203 nolar ratio of from 200 to 5,000. Wen the

Si 2/ A12G3 nol atheaGiroupf IBhameted! icomtiemtt lof Adel ize@ld@ecormudi puedegat-al yst

is less than 200, the catalyst is |likely to be deactivated due to coking
whi ch occurs dblngtheeGronpeld metedacondentois Hxost WeOlhded S 3wbdn t he
S102/ Al 203 nol ar ratio of a zeolite in a zeo- lite-containing catalyst S

nmore than 5, 000wWefglteameres nnpfieraldyi Fnom &F Ohdoc gk &1 Pt Wed@bres
unsati sfactory. 23 The Si 02/ A1203 nolar ratio of the zeolite is pref
erably 230 to 4besed ey &hgr wedighty w2 gbe gevlide- Whenstbe/ ﬁEQHB &8I ar
ratio of the zeolite can be neasured by a conventional nethod, for
exanpl e, a net hM5tgd CANRSNEH of Aedigord ties 100 Iz0dihf &ricondiaidd ndn an

catalyst is less than 0.01 % by weight, the catalytic
activity of the catalyst is unsatisfactory. On the
other hand, when the Group IB metal content of a zeo-
10 lite in a zeolite-containing catalyst is more than 5 %
by weight, the catalyst usually shows no further im-
provement in the catalytic activity thereof.
The Group IB metal content of a zeolite can be
measured by a conventional method, such as fluorescent
15 X-ray analysis.
In the method of the present invention, it is re-

quired that the above-mentioned zeolite has an

$i05/A1703 molar ratio of from 200 to 5,000. When the

Si05/A1703 molar ratio of the zeolite in the zeolite-
20 containing catalyst is less than 200, the catalyst is

likely to be deactivated due to coking which occurs

during the conversion reaction. On the other hand,

when the Si05/Al,03 molar ratio of a zeolite in a zeo-
lite-containing catalyst is more than 5,000, the cata-

25 lytic activity of the catalyst becomes unsatisfactory.



aqueous al kali solution and the resultant solution hav- ing dissolved
therein the zeolite is analyzed by plasnma enission spectronetry or the

I'i ke. In the nethod of the present invention, a netallo- 10 alum nosilicate
in whieh sone of the alum num atons of the zeolite franework are repl aced
by other netal atons, such as Ga, Fe, B and_C atons, or a netallosilicate
in which all of alum num atons of the zeol??e framework are replaced by

t he above-nentioned netal atons can al 15 so be used as the above-nentioned
zeolite. In this ca¥%be SHO23A120A1 203 axplrart ivatcifo thfe tzee@lids iitse prefeal -
culated as follows. Firstly, the content of the above- nentioned netal
atons of the neexiabdy 2AAONAD 4,000 arorergirdiegatliyc &5 it corbdyted to the
nunber of noles of 20 A1203, which is then added to _the true nunber of

nol es of A1203 of tRBez&302/dln® 3 Melasy s Pfathepgacddite famde of

mol es of A1203 of the zeolite. Subsequently, using the apparent nunber of
nmol es of A1203 BeaghEesedy |5 conveid iGred) AEAIDdvw | ZaT a5, thdeduiite
is cal- 25 culated. 24 In addition, it is preferred that the above-

menti one@ zeol i P8 8 WL tZEHL R I LRI Gt A153Qhved e Bbm t he
group consisting of alkali netals and alkaline earth netals, nore
preferably at | OFFe 33 Kidtla ISP EGe 1Y dite H??Sd’r]di?ﬂltcﬁ@iusttli% hgyv-

al kali met- ing dissolved therein the zeolite is analyzed by plasma

emission spectrometry or the like.
In the method of the present invention, a metallo-
10 aluminosilicate in which some of the aluminum atoms of
the zeolite ffamework are replaced by other metal atoms,
such as Ga, Fe, B and Cr atoms, or a metallosilicate in
which all of aluminum atoms of the zeolite framework
are replaced by the above-mentioned metal atoms can al-
15 so be used as the above-mentioned zeolite. In this
case, the Si0O5/Al5,03 molar ratio of the zeolite is cal-
culated as follows. Firstly, the content of the above-
mentioned metal atoms of the metalloaluminosilicate or
metallosilicate is converted to the number of moles of
20 Al,03, which is then added to the true number of moles
of Al,03 of the zeolite to thereby obtain an apparent
number of moles of Al;03 of the zeolite. Subsequently,
using the apparent number of moles of Al;03 of the zeo-
lite, the SiO,/Al1,03 molar ratio of the zeolite is cal-

25 culated.



als, nost preferably at |east one netal selected from the group consisting
of sodiumand potassium In this case, the zeolite contains both a G oup
I'B metal and at |east one netal selected fromthe group consisting of 10
al kali .metals and al kaline earth nmetals.. As exanples of nethods for

I ncorporating at |l east one netal selected fromthe group consisting of
alkali netals and alkaline earth netals infd a zeolite, sub- stantially
the sare nmethods as described with respect 15 to the incorporation of a
Goup IB netal into @anzeddit&onGadtbasmpiieferetd thatcdahiecrborfe-at | east
one netal selected from the group consisting of alkali netals and al kal i ne
earth netal s i nmeh¢ineeld tzeoldrtiee £ wdperdicop t@inshatt e tpeong metalret al .
For exanple, when the netal is sodium the sodiumcontent is preferably
0.01 to 0.4 % bgeleeitglit frioasddheoryricve weinghits tofng e 2ddaltie malgdrs tansl
metal is potassium the potassiumcontent is preferably 0.01 to 0.8 % by
wei ght, based omlkhdine giertdf metalxs mayte tprefErahly atprleast &ana hat t he
zeolite contains at |east one metal selected fromthe group consisting of
al kali #etal s medadl seliesdesnfinomhding 9Roun MOTOSHigT of Al iwmeat -

respect to the nethod for incorporating at 5 |east one netal selected from
t he group Consi§ﬂﬁngm@ﬁt preferably at least one metal selected from

the group consisting of sodium and potassium. In this

case, the zeolite contains both a Group IB metal and at

least one metal selected from the group consisting of
10 alkali metals and alkaline earth metals.

As examples of methods for incorporating at least
one metal selected from the group consisting of alkali
metals and alkaline earth metals into a zeolite, sub-
stantially the same methods as described with respect

15 to the incorporation of a Group IB metal into a zeolite
can be mentioned.

The content of at least one metal selected from
the group consisting of alkali metals and alkaline
earth metals in the zeolite varies depending on the ty-

20 pe of the metal. For example, when the metal is sodium,
the sodium content is preferably 0.01 to 0.4 ¥ by
weight, based on the weight of the zeolite. When the
metal is potassium, the potassium content is preferably
0.01 to 0.8 % by weight, based on the weight of the

25 zeolite.



alkali metals and al kaline earth netals into the zeo- lite and the nethod
for incorporating a Goup IB netal into the zeolite, there is no
particular Iimtation on the order and nunber of tinmes of conducting these
meth 10 ods. For exanple, at |east one nmetal selected fromthe group
consisting of alkali metals and al kaline earth netals can be incorporated
into a zeolite before a Goup IB netal is ?%corporated into the zeolite.
Al - ternatively, a Goup IB netal can be incorporated into 15 a zeolite
before at |east one metak pekEereddl thatt ke geolpteocsnshing at dkkalt
netals and al kaline earth netals is incorporated into the zeolite.

However, in bot bneamesali seilectequifred tthet grioap cesuslitsdrdnarefalal&aitai ni ng
zeolite contains substan- 20 tially no proton. If desired, in order to
suppress the cohetgldecand wilkatlioe elardihyoetials dmd/tée tfornmedoratileas.
yields of ethylene and propyl ene, the above-nentioned zeolite- containing
catal yst may further Wa&sht Zespect| égsthenmekbodefar JaicoTPOFAtAHH e group
consisting of netals be 26 longing to Goups 1B, I1l, VB, VIB, VIIB and
VI11 of 5the peleadgitcongpmetadyselested Eromyihengngup sORs3$Lting ofyj | zp
and Ga. The nethod for incorporating these netals into a zeqglite is
substantial |y t Bék&dre Medalise and g ingr sarddy mstadisnd Gt 48 et a

into a zeo- . .
lite and the method for incorporating a Group IB metal

into the zeolite, there is no particular limitation on
the order and number of times of conducting these meth-

10 ods. For example, at least one metal selected from the
group consisting of alkali metals and alkaline earth
metals can be incorporated into a zeolite before a
Group IB metal is incorporated into the zeolite. Al-
ternatively, a Group IB metal can be incorporated into

15 a zeolite before at least one metal selected from the
group consisting of alkali metals and alkaline earth
metals is incorporated into the zeolite.

However, in both cases, it is required that the
resultant metal-containing zeolite contains substan-

20 tially no proton.

If desired, in order to suppress the coking deac-
tivation of a zeolite and/or to improve the yields of
ethylene and propylene, the above-mentioned zeolite-
containing catalyst may further contain at least one

25 metal selected from the group consisting of metals be-



lite, except for the type of netals to be incorporated. It is preferred
that the content of these netals of the zeolite is from0.1 to 2 % by

wei ght, based on the weight of the zeolite. 10 If desired, in order to
further inprove the resis- tance of the zeolite to the coking deactivation,
prior to the contact wth the hydrocarbonnégedstock, t he above-nentioned
zeolite can be subjected to heat treat- ne at 500 C or nore in the
presence of steam Pref 15 erably, this heat treatnment (steaming) is
conducted at 5@06n€ing 200 GCowpsel IB,stIddm VY&t VAB,.pVddBueadofVIZIOPE at m or
nore. The above-nenti oned heat treatnent can be conduct- ed before a G oup
| B netal is incthpoperdéddict dable. 2Guckolast &, B, Mo.i ¥.pMef.eFited Pdhat t he
heat treatment is conducted after a Goup IB netal is incorporated into
the zeolite. WEr.t Né.z&d iand &ent aThengethedl §or incorparpsing thasal ytic
conversion reaction for a long tine, the 25 catalyst may suffer coking
deactivation. THetadgcinte7 a eed ide disy subshandd addy) Fams @Sedt®ent
for regen- eration, wherein this treatnent consists inBSnning off the

coke accnul at eBeSROPh& OF 4 RICPIP oAt NG A SR & B e talohih & §eP00 C

usually in an agrosphere of For 1nd Gt iRt Yo ol R0EgL.A0LAN
inert gas (heres-
It is preferred that the content of these metals of the
zeolite is from 0.1 to 2 % by weight, based on the
weight of the zeolite.

10 If desired, in order to further improve the resis-
tance of the zeolite to the coking deactivation, prior
to the contact with the hydrocarbon feedstock, the
above-mentioned zeolite can be subjected to heat treat-
ment at 500 °C or more in the presence of steam. Pref-

15 erably, this heat treatment (steaming) is conducted at
500 °C to 900 °C under a steam partial pressure of 0.01
atm or more.

The above-mentioned heat treatment can be conduct-
ed before a Group IB metal is incorporated into the

20 zeolite, but it is preferred that the heat treatment is
conducted after a Group IB metal is incorporated into
the zeolite.

When the zeolite-containing catalyst is used for a

catalytic conversion reaction for a long time, the

25 catalyst may suffer coking deactivation. The deacti-



inafter, this treatnment is frequently referred to as a "regeneration
treatnment”). As nentioned above, during the regeneration treat- nent, steam
i's generated. The generated steam can be 10 used for conducting the
above-entioned heat treatnent (steaming) for inproving the resistance of a
zeolite- containing catalyst to the coking @@activation. That is,
substantially the sane effect as that achieved by subjecting the catalyst

to the-above- meqidiedigaly o ddifadmBiitib {&d el 1Y) t £t tien 8.CH0 2 ek dry-

repeatedly per- formng a sequence of the catalytic conversion of a hy-

drocarbon feedsted@Et s NGvie 7 i e d Ofréatnditr téds Btk imebuRgRieret £ on
treatnent of the coked catalyst. If desired, the zeolite can be cal cined

prior to 20 be theetcke addirmlMsted Wnuadle/ ,cdtelyeplat ea i sempératuned at
500 to 900 C. It is preferred that prior to the use of the zeo-

| i t e-contai ni ng cRtfAlost40d heo CAI@IYStuswakhppid 4w apeospliées. offeirt he
catal yst is shaped, the above 25 nentioned zeolite al one may be shaped, and
used as tshe 28 zavld tgasonisimmixiguoatef yetygdiovwmveran ubnett ygas hehere -
above-nentioned zeolite is mxed with a porous nmaterial of refractory
i norgani ¢ oxi de,iraffems tHisni treeatgidénttais Srequernblynieterveédcomias a
titania, diatonmaceous earth, 5 clay and the |like (as a binder or a diluent
f or shaping "regeneration treatment”).
As mentioned above, during the regeneration treat-
mént, steam is generated. The generated steam can be
10 used for conducting the above-mentioned heat treatment
(steaming) for improving the resistance of a zeolite-
containing catalyst to the coking deactivation. That
is, substantially the same effect as that achieved by
subjecting the catalyst to the above-mentioned heat
15 treatment (steaming) can be achieved by repeatedly per-
forming a sequence of the catalytic conversion of a hy-
drocarbon feedstock using a zeolite for a long time and
the regeneration treatment of the coked catalyst.
If desired, the zeolite can be calcined prior to
20 be used as a catalyst. Usually, the zeolite 1is cal-
cined at 500 to 900 °C.
It is preferred that prior to the use of the zeo-
lite-containing catalyst, the catalyst is shaped to

particles. When the catalyst 1s shaped, the above-

25 mentioned zeolite alone may be shaped, and used as the



(a matrix)), and the resultant m xture is shaped for wuse as the
Zeolite-containing catalyst. Wien a matrix or binder is used, it is
preferred that the content of the matrix or binder is in the 10 range of
from10 to 90 % by weight, nore preferably from20 to 50 % by wei ght,
based on the total weight of the zeolite and the matrix or binder. In the
present invention, by virtue of the use of 28 he zeol i te-cont ai ni ng catal yst
as specified above, the 15 occurrence of the coking deactivation
acconpanyi ng t heeotiterciontalinimigh@dtalystuppHewewdr, eusnailiiya hhdrocar -
bon feedstock containing an olefin in a concentration as high as 20 % by
wei ght or nore abowsedendidnelduzeoltifer ds inededdh @ fpoarpvenmatardpdat
the regeneration 20 operation. As a result, it has becone possible to sta-
bly, effectivel pfpredrestory desingadhist lp¥igies swthpras glyimdma f @ildca,
prol onged period of time. In the present invention, a hydrocarbon feedstock
conprising at | sdddicedalomigmy igidoniias ddiaidited diiattpmageqyfe earth,
zeolite-containing catalyst to thereby effect a 29 catalytic conversion
reactionSof theC@RYCERGtdE dike (gss'ahdmdete ®n Bardiletafqry shaping
conversion reaction of | tge C4-Cl12 olefin . is effected under re%g%%on

) fi%F 5 in

condi tions desdfi BEFTH)dw, and e Feiitl @Rty HETYRE GF ERARS

t he hydrocarbonugggggt%%ﬁ %%Qﬁgrted tQ ethyleneé%¥§st-

ite-containing ca
When a matrix or binder is used, it is preferred
that the content of the matrix or binder is in the
10 range of from 10 to 90 % by weight, more preferably
from 20 to 50 % by weight, based on the total weight of
the zeolite and the matrix or binder.
In the present invention, by virtue of the use of
the zeolite-containing catalyst as specified above, the
15 occurrence of the coking deactivation accompanying the
conventional methods is suppressed, even if a hydrocar-
bon feedstock containing an olefin in a concentration
as high as 20 % by weight or more is used, and thus,
there is no need to frequently repeat the regeneration
20 operation. As a result, it has become possible to sta-
bly, effectively produce the desired ethylene and pro-
pylene for a prolonged period of time.
In the present invention, a hydrocarbon feedstock

comprising at least one Cy-C3; olefin is contacted with

25 the zeolite-containing catalyst to thereby effect a



propyl ene with high selectivity, but also substantially no reaction of
paraffins coexisting in the hydrocarbon feedstock occurs. The reaction
tenperature is prefera- bly of from400 to 700 C, nore preferably from 500
to 10 650 C. Wth respect to the reaction pressure, a low pressure is
preferred. The reaction pressure is gener- ally from0.1 to 10 atm
preferably from0.2 to 8 atm The wei ght h%%rly space velocity (VWHSV) of
t he hydro- carbon feedstock is preferably from1l to 1,000 hr-1, 15 nore
preferably fronFf8tadysdg kenvensioad reaatieonwvsifgithe @y -the adefiine i Att he
zeolite-containing catalyst. The tinme for contacting the hydrocarbon

f eedst ock wi t h ttBepreéelrired- ¢hattaitinengadatlyitist danversiemableadd ioecafds or
| ess, nore preferably 1 second or less. 20 The above-nentioned hydrocarbon
f eedst ock may b&hg CuiLuar lefdneds wififiected undesh neastigme goadditiomse of
a hydrocarbon feedstock and a dilution gas is used, a _|ow partial pressure
of the hydrocar B6f°FéBaS: Bedows igy @F”éﬂg’ed‘Ptﬂ?@lﬁar’{% dihep Cas§urze P fime
hydr ocarbon 25 feedstock is generally fromO0.1 to 10 atm preferably 30
from 0. 25t 0 8 atth tBRaR¥PESCEHFLIN FEeds tesde SIVETIGE ey Grtdgydenendidane,

steam and an inert gngFSUQ .ni - trogen. Wen _hydrqQgen is used as a

h
dilution gas, iP*PR eV&Fnglﬁﬁa§ S o+ A9t a5 RPRFENSEEdan

feed- no reaction of paraffins coexisting in the hydrocarbon
feedstock occurs. The reaction temperature is prefera-
bly of from 400 to 700 °C, more preferably from 500 to

10 650 °C. With respect to the reaction pressure, a low
pressure is preferred. The reaction pressure 1s gener-
ally from 0.1 to 10 atm, preferably from 0.2 to 8 atm.
The weight hourly space velocity (WHSV) of the hydro-
carbon feedstock is preferably from 1 to 1,000 hr-1l,

15 more preferably from 5 to 500 hr-1, based on the weight
of the zeolite in the zeolite-containing catalyst. The
time for contacting the hydrocarbon feedstock with the
zeolite-containing catalyst is preferably 5 seconds or
less, more preferably 1 second or less.

20 The above-mentioned hydrocarbon feedstock may be a
mixture thereof with a dilution gas. When a mixture of
a hydrocarbon feedstock and a dilution gas is used, a
low partial pressure of the hydrocarbon feedstock is
preferred. The partial pressure of the hydrocarbon

25 feedstock is generally from 0.1 to 10 atm, preferably



stock to the hydrogen is in the range of fromO0.01 to 1. Wen the

catal ytic conversion reaction is conduct ed under the above-nentioned
conditions wherein sub- stantially no reaction of paraffins in the
hydrocarbon 10 feedstock occurs, the conversion reaction of the olefin in
t he hydrocarbon feedstock is selectively pronoted whereas the conversion
reaction of the paraffin is sup- pressed. AO03a result, by- producti on of

nmet hane, ethane, propane and the |like due to the conversion reactions of
15 paraffins i sfsoppnegsed, 8aadmi.huExamphtesepdr dlilohiandgapesi inchuden of
et hyl ene and propylene fromthe reac- tion m xture becone easy. In the

met hod of the phgdengennvewethane , asteappandofan dactdr 388, eSue BSomit-he
group consisting of a 20 fixed-bed reactor, a noving-bed reactor, a

fluidi zed bed rézegen.and a transfer line reactor can be used as a reactor
for contacting a hydrocarbon feedstock with a zeolite-containing catalyst.
Deactivation of the Weehi hgdzegea disnygsest aisyst dilgtieoad gag .t BE A4St hod of
the present invention due to 31 coking is unlikely to_occur, so that

et hyl eneSand pr Bregeregd &8athdhet AlprrsddCe @ dhea hydRosigFdPhdeedds of
time, even if a fixed-bed reactor is enployed. The conversion reaction of a

paraffin is hi gitQCh &Rd&PReMITOSfMeridadt e FAP@ssiodn TFeRt -8t & dn

ol e- , ) .
When the catalytic conversion reaction is conduct-

ed under the above-mentioned conditions wherein sub-
stantially no reaction of paraffins in the hydrocarbon
10 feedstock occurs, the conversion reaction of the olefin
in the hydrocarbon feedstock is selectively promoted
whereas the conversion reaction of the paraffin'is sup-
pressed. As a result, by-production of methane, ethane,
propane and the like due to the conversion reactions of
15 paraffins is suppressed, and thus, the separation and
purification of ethylene and propylene from the reac-
tion mixture become easy.
In the method of the present invention, any type
of reactor selected from the group consisting of a
20 fixed-bed reactor, a moving-bed reactor, a fluidized-
bed reactor and a transfer line reactor can be used as
a reactor for contacting a hydrocarbon feedstock with a
zeolite-containing catalyst.
Deactivation of the zeolite-containing catalyst

25 used in the method of the present invention due to



finis slightly endothermc or exotherm c, depending on the reaction
conditions. When olefins in the hydrocar- bon feedstock are selectively
react ed under the above- nentioned conditions wherein substantially no
reaction 10 of paraffins in the hydrocarbon feedstock occurs, the anpunt
of heat absorbed during the conversion reactions of paraffins becones
relatively small (depending on the reacti oflconditions used, it is
possi bt e that the anmount of heat generated during the conversion reaction
15 of ol efins sloojinigy iexapddkdle toormodumf dreathatbsarihelena lamndgidie
conversion reactions of paraffins, so that, as a whole, the reaction
becones exot her pydeneTpare-bef artgbin pimwiuad oibofa tow Jnregshtpémiaghtdion,
it is not necessary to supply a | arge anount of reaction heat, so 20 that
a sinpl e react ortimest @viensddh asf ixkddetl ehctin-1genpheysd adi abat i ¢
reactor, can be used. The reaction mxture obtained by the catalytic
conversi on reaction dhe IFOTRRGQY fRgtdadstadcla parafifiimsiethighdie and

propyl ene, and the ethylene and pro 25 pylene are separated fromthe
reacti on i xt ur &ndothermis vlekgas) fhpitcamheeseiRn et it @hyakitend
propyl ene from_the reactiqn mxture is conducted in such a manner tq?t

the reaction m Sty &5 & ]a?[ EPIRRL LR 19T PO LRI G 'seQFE?Fd?drﬁrSH ¢t
Egggfgggdaggi2?3&%?%%%%%%JE”@JEhftf%ég.SW%%%b%&e%E%gBi%n%er %%E%%a%—
bon feedstock are selectively reacted under the above-
mentioned conditions wherein substantially no reaction
10 of paraffins in the hydrocarbon feedstock occurs, the
ambunt of heat absorbed during the conversion reactions
of paraffins becomes relatively small (depending on the
reaction conditions used, it is possible that the
amount of heat generated during the conversion reaction
15 of olefins slightly exceeds the amount of heat absorbed
during the conversion reactions of paraffins, so that,
as a whole, the reaction becomes exothermic). There-
fore, in the method of the present invention, it is not
necessary to supply a large amount of reaction heat, so
20 that a simple reactor system, such as a fixed-bed, sin-
gle-stage adiabatic reactor, can be used.
The reaction mixture obtained by the catalytic
conversion reaction of the hydrocarbon feedstock con-

tains ethylene and propylene, and the ethylene and pro-

25 pPylene are separated from the reaction mixture. It is



| east ~.one hydrocarbon having 4 or nore carbon atons, followed by
separation of the ethylene and propylene fromfraction A This separation
process can be per- formed by using various conventional methods in conbi
10 nation, such as distillation, extraction and the like. Usually, the
above-nentioned reaction m xture con- tains C4-C8 olefins, as well as

ethyl ene and propyl ene. Therefore, when a 38-called "recycle systent,
wherein all or a part of the C4-C8 olefins are separated from 15 the
reacti on m xt ur preférrecy dhert tthd epgaaciivn 5 ettifllayedddrpidi®lene
production of ethylene and propyl ene, the hydrocarbon feedstock can be
efficiently uti lfroed.thle Inestataitany edixtatrd ey ddndwe tdefiar rsacbH featmdrnner
above-nmentioned fraction B is separated into fraction 20 Bl conprised

mai nly of at | ed&diatortheCiea thyalr aciarthore dral Sepsotd toed B toonfracsieicbmel nl y
of at |east one hydro- carbon having 9 or nore carbon atons, and at |east a
part of fracti ocoBprisedempdindd taf thinaegent and hwdracarhes theviatg [least a
part of fraction Bl as a part of the 25 hydrocarbon feedstock. 33

Her ei nbelSow, t hd&or écF@ardaly atams andripactiian & [ronprimedmpigrlapyaferat i s
described in nore detail, refer- ring to a specific exanple wherein a C4
fraction (a fradtRSt CHFMYEPGARRRAY FVing Hy RO RIS IFATRAR RIS but ane,

i sobut ane, butege, and j sobut ene) obtained from
ollowe Yy separation of the ethylene and propylene

from fraction A. This separation process can be per-
formed by using various conventional methods in combi-
10 nation, such as distillation, extraction and the like.
Usually, the above-mentioned reaction mixture con-
tains C4-Cg olefins, as well as ethylene and propylene.
Therefore, when a so-called “"recycle system”, wherein
all or a part of the C4-Cg olefins are separated from
15 the reaction mixture and recycled to the reactor, is
employed for the production of ethylene and propylene,
the hydrocarbon feedstock can be efficiently utilized.
Illustratively stated, it is preferred that the

above-mentioned fraction B is separated into fraction

20 Bj comprised mainly of at least one C4-Cg hydrocarbon
and fraction B; comprised mainly of at least one hydro-
carbon having 9 or more carbon atoms, and at least a
part of fraction Bj is recycled to the reactor so as to

use the at least a part of fraction B; as a part of the

25 hydrocarbon feedstock.



a steam cracki ng product of a petrol eum hydrocarbon is used as a

hydr ocarbon feedstock. Fig. 1 is a flow sheet showi ng one preferred node

of the recycle systemusing a C4 fraction as a hydro- 10 carbon feedstock.
First, -a reaction m xture (conprising hydrogen and hydrocarbons havi ng one
or nore carbon atons) is sepa- rated into a fraction conprised mainly of
hydrogen and C1-C3 hydrocarbons (hereinaftés, sinply referred to as 15 a
"H2-C3-fraction") and a fraction conprised mainly of at |east one

hydr ocar bon havi ng 4 Heremiise Law bothat vadycldeses baht £6r srophyingfeered to
as a "C4+ fraction"). Wth respect to the apparatus used for the
separation (i.elene Chhdapuopybene isdissctribedointooee, datdihshr@feds um
(a gas-liquid separator) and the |ike can be used. Ethylene and propyl ene
are collected friofid He® ob-SReFhEC Hoxampie JehebainNexEq fHechbowel@ent i oned
C4+ fraction is separat- ed into a fraction conprised mainly of C4

hydr ocar bons 2§I(£fé?je‘?rha‘??'éﬁ’?1%?%?l‘i‘%¥e?$e‘a4t’6Y‘a§°‘éar7€2n$ra%‘tl‘P}éna§ 34
and a fraction conprised mainly of at |east one hydro- carbon having 5 or
nore carbon at orRIYING ei hzghetane; nhupere r cad r bgobotere yh obbainedcfrom”) .
Wth respect to the apparatus used for the separation (i.e., a C4 sepa 5
rator), a distild ATAM tRRERIRI FPEQREUGF upE (2 B@kroleum hydrocarbon is

used as a hydrocarbon feedstock.

Fig. 1 is a flow sheet showing one preferred mode

of the recycle system using a C4 fraction as a hydro-
10 carbon feedstock.
First, a reaction mixture (comprising hydrogen and
hydrocarbons having one or more carbon atoms) is sepa-

rated into a fraction comprised mainly of hydrogen and

C1-C3 hydrocarbons (hereinafter, simply referred to as
15 a "Hz-C3 fraction”) and a fraction comprised mainly of
at least one hydrocarbon having 4 or more carbon atoms
(hereinafter, simply referred to as a "Cyq* fraction”).
With respect to the apparatus used for the separation

(i.e., a C3 separator), a distillation tower, a flash

20 drum (a gas-liquid separator) and the like can be used.

Ethylene and propylene are collected from the ob-

tained H;-C3 fraction.
Next, the above-mentioned C4* fraction is separat-
ed into a fraction comprised mainly of C4 hydrocarbons

25 (hereinafter, simply referred to as a "C4 fraction”)



liquid separator) and the |ike can be used. Further, the above-nentioned
Co+ fraction is sepa- rated into a fraction conprised mainly of at | east
one C5-C8 hydrocarbon (hereinafter, sinply referred to as a 10 "C5-C8

“ fractien") and a fraction conprised mainly of at |east one hydrocarbon
having 9 or nore carbon atons (i.e., "a fraction having a boiling point

hi gher than that of C8 aronatics” i ndi cat ed4in Fig. 1). Wth re- spect to
t he apparatuses used for the separation (i.e., 15 a C8 separator), a
distillation towad aafilaashialr won{eriges-ndiqiliyl cfpar diedgt adrte tHyeita ke can
be used. The obtained C4 fraction and C5-C8 fraction are m xed together to
t her eby obt ai n sambaat ib@vigwd i mpreatcdmast armendy(drexosihohtdmyisign4 t o
8 carbon atons 20 (hereinafter, sinply referred to as a "C4-C8 fraction").
The obtai ned C4PaY medEnred it Ay | €ib 't ragd Loddot-or Wishdresedchsta part
of the hydrocarhon feedstock. In the recycle system butane contained in
the hy- drocar béRer SRRATAINS dseshdan rtdieFeninalelay (i ¢h Cosepa-
separated by nmeans of the above-nentioned C4 separator. 35 For this
reason, f all &PYOFe -cA Fladtiidatiion danard a tfashe duurt@ 9ase but ane
concentration of .the hydro- carbon feedstock charged into the reactor would
becone hi gh, s&%ﬁ%ﬁdtﬁﬁPQﬁﬁﬁﬂgir%ﬂq(ﬁ?Qﬁl¥ﬁeIQQﬂHbQNﬂﬁQﬁefin 5 having 4

to 12 carbons in theFG&Q%%&QrQ%%'g%%¥§f%g%€¥®£ed Cg* fraction is sepa-

rated into a fraction comprised mainly of at least one

C5-Cg hydrocarbon (hereinafter, simply referred to as a
10 "Cg-Cg fraction”) and a fraction comprised mainly of at
least one hydrocarbon having 9 or more carboﬁ atoms
(i.e., "a fraction having a boiling point higher than
that of Cg aromatics” indicated in Fig. 1). With re-
spect to the apparatuses used for the separation (i.e.,
15 a Cg separator), a distillation tower, a flash drum (a
gas-liquid separator) and the like can be used.
The obtained C4 fraction and Cg-Cg fraction are
mixed together to thereby obtain a fraction comprising

at least one hydrocarbon having 4 to 8 carbon atoms

20 (hereinafter, simply referred to as a "C4-Cg fraction”).
The obtained C4-Cg fraction is recycled to the reactor

and used as a part of the hydrocarbon feedstock.

In the recycle system, butane contained in the hy-

drocarbon feedstock is concentrated in the Cy4 fraction

25 separated by means of the above-mentioned C4 separator.



becone unsatisfactory. Therefore, it is preferred that only a part of the
C4 fraction is recycled to the reac- tor so as to suppress the increase in
t he butane con- centration of the feedstock. 10 In Fig. 1, each of C3
separator, C4 separator and C8 separator is shown in independent form but
the num ber and order of separators in the recycling reaction systemare
not limted to those shown in Fig. 1 and may® be appropriately varied. 15
In addi'tion, aromatic hydrocarbons can be collect- ed fromthe fraction
havi ng a boil i ndPoithishiggrson hahkf ahhtobHftiBs Gy ofma¢tion | hsthecyelddd of
the present invention, when the production of ethylene and propyl ene by
catal ytic con- 2 V@rsirgrditoronthetbutantentoreentsd iyion t ¢if t tike puydicet | on
of ethyl ene and propyl ene by steam cracking (coil py- rolysis), the yields
of ethyl ene and 93BN diredgeeck vehargedfinte tiyeroeacbon ¥weebdtbekomean be
i mproved. In that case, the by-production of nethane and the |ike 25 can
be suppressed, -3hatsq Herduring ceenesnibrationy| eficaBelemst pprpydbeican be
efficiently perfornmed. As an exanple of such a nethod, there can be nen-

ti oned a Hret hod BAYIAE ¢h thel ARAERoRAt FR ke (REdEoerr oD | Eeedakees M3¥ 0 a

coil pyrolysis furnace, the Irfction 5 B is subjected to steamcracking to
t her eby Obtaini;ecome unsatisfactory. Therefore, it is preferred that

only a part of the C4 fraction is recycled to the reac-
tor so as to suppress the increase in the butane con-
centration of the feedstock.

10 In Fig. 1, each of C3 separator, C4 separator and
Cg separator is shown in independent form, but the num-
ber and order of separators in the recycling reaction
system are not limited to those shown in Fig. 1 and may
be appropriately wvaried.

15 In addition, aromatic hydrocarbons can be collect-
ed from the fraction having a boiling point higher than
that of Cg aromatics.

In the method of the present invention, when the
production of ethylene and propylene by catalytic con-

20 version is conducted simultaneously with the production
of ethylene and propylene by steam cracking (coil py-
rolysis), the yields of ethylene and propylene, per
weight of the hydrocarbon feedstock, can be improved.
In that case, the by-production of methane and the like

25 can be suppressed, so that the purification of ethylene



st eam,cracki ng product containing ethylene and propyl- ene and the ethyl ene
and propyl ene are separated from the obtained steam cracking product. In
that case, it is preferred that the steam 10 cracking is conducted under

" conditi-ons wherein the tem perature in the pyrol ysis coil is from750 to
850 OC, the pressure in the pyrolysis coil_iLs fromO to 15 kg/cnR2-G the
residence tine is from0.1 to 0.8 second, 3Rd the st eant hydr ocar bon wei ght
ratio i's fromO0.1 to 1. 37 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON

Her ei nbel ow, thengr esemylieneerdarorbenidfif jmel etet Igc rpdpetbrimedmor e detail with
reference to the follow ng Exanples and Conparative Exanples, which should
not be 5 construed & lAnrieXamplehescoph ¢f metdhqsh.eddrare mag-be imem- | n
the follow ng Exanples and Conparative Exanples, various properties of
zeolites are nedd@red n‘glm Hhighwithe rﬁélwer(tll)o% agiean &t he
anount of protons in zeol ite y the liquid phase ion exchange/filtrate
titration methd® f@afgs?dg gyt azeqﬂlrlt PYIEIg darnacaod-ie tdqm

air, and subjected to ion C e treatnment in 25 . of a 3.4 nol/liter
aqueous RaCl soﬁautll or?ufbélre%#'a{rfgtse%ea‘%mcﬁw b1 FhRF B ARG .2 The

resul tant thurq:eam cracking product containing ethylene and propyl-
ene and the ethylene and propylene are separated from
the obtained steam cracking product.
In that case, it i1s preferred that the steam
10 cracking is conducted under conditions wherein the tem-
perature in the pyrolysis coil is from 750 to 850 °C,
the pressure in the pyrolysis coil is from 0 to 15

kg/cmz'G, the residence time is from 0.1 to 0.8 second,

and the steam/hydrocarbon weight ratio is from 0.1 to 1.



containing the zeolite is filtered so that the zeolite 20 is separated from
afiltrate, and the separated zeolite is washed with 50 ml of pure water
on the filter. The whole anount of the filtrate (including the water used
- for the washing of the separated zeolite) is recovered, and analyzed by
neutralization titration with a 0.1 N 25 aqueous NaOH solution so as to
determ ne the point of 38 neutralization, add the amount of protons in the
zeo lite is calculated fromthe point of neutralization. (2) Measurenent of
the Si 02/ A1203 nol ar r aBESToMOREz #OR5 CARRY TRG BUTY T aNVENTEgMeous NaCH
solution is added 0.2 g of a zeolite. The resultant mxture i1s trans-
ferred to a stainl esdaneirdzoldw hathexgpresiait ainvemteron twibkel e ddd he

m crobonb is hernetically sealed. The 10 microbonb is heated in an oil bath
mai nt ai ned at a SqGRbeskbrin urerefddsdiC voth Iefardiicdous sthe foEra@bingom
pletely dissolve the zeolite in the NaOH solution. The resultant solution
havi ng di ssol ved%¥3ii&s amd Gmparative Examplkes wivwhhidhrskxehdnyed vat er .
(The degree of 15 dilution sujitable for the bel ow nentioned neasurenment by
usi ng an 3 nduct iSPASEFTMGhIE binktirentheisrrrpRE themreserheinverbel ow,
referred to as "ICP spectrone- ter") varies depending on the conposition of
the zeo- lite ot Iike. The above-obtained sol ution havi ng

In the following Examples and Comparative Examples,

various properties of zeolites are measured by the fol-

10 lowing methods.

(1) Measurement of the amount of protons in a zeolite
by the liquid phase ion exchange/filtrate titration

method

15 1.5 g of a zeolite is calcined at 400 to 600 °C in
air, and subjected to ion exchange treatment in 25 ml
of a 3.4 mol/liter aqueous NaCl solution for 10 minutes
under ice-cooling conditions. The resultant mixture
containing the zeolite is filtered so that the zeolite

20 is separated from a filtrate, and the separated zeolite
is washed with 50 ml of pure water on the filter. The
whole amount of the filtrate (including the water used
for the washing of the separated zeolite) is recovered,
and analyzed by neutralization titration with a 0.1 N

25 aqueous NaOH solution so as to determine the point of



20 dissolved therein the zeolite is diluted in approxi- mately 5- to 100-
fold so as to be suitable for the be- | ow nentioned neasurenent by ICP.)
The concentrations of silicon and al um num are measured by | CP using the
" bel ownentioned | CP spectroneter under the bel ow 25 nentioned conditi ons,
and the S102/ A1203 nol ar ratio of 39 the zeq]jte is calculated fromthe
concentrations of silicon and al um num ICPngectroneter and conditions for
| CP spectronetry 5 are as follows: |ICP spectronmeter JOBIN YVON(JY138
ULTRACE) (manuf aeewtedlandtiond ahg Phgakwo@otpofaprohpndapankh€onrdodti ons
for I1CP 10 Wavel ength for neasuring the concentration of sil- ica: 251.60
nm Wavel engt h f oklb@absr¢agcuhatednfsamr theonodhtapfi- ngithual13861962 nm
Plasma power: 1.0 kW15 Flow rate of the nebulizer gas: 0.28 1/mn Flow
rate of the sheath gas: 0.3 to 0.8 1/mn Flowrate of the coolant gas: 13

1/mn The reacti te constapt K, which ndex of 20 catal ytic
activity of the @g}&ﬁﬁg?ur?geﬁgleﬁlEP%dsb927%ﬁéOBOWP$RFn§anPnBFaa zeo-

5 lite
To 50 g of a 5 N aqueous NaOH solution is added
0.2 g of a zeolite. The resultant mixture is trans-
ferred to a stainless microbomb having a Teflon inner
tube, and the microbomb is hermetically sealed. The
10 microbomb is heated in an 0il bath maintained at a tem-
perature of 150 °C for 12 to 70 hours to thereby com-
pletely dissolve the zeolite in the NaOH solution. The
resultant solution having dissolved therein the zeolite
is diluted with ion-exchanged water. (The degree of
15 dilution suitable for the below-mentioned measurement
by using an inductively coupled plasma emission spec-
trometer (hereinbelow, referred to as "ICP spectrome-
ter") varies depending on the composition of the Zeo-
lite or the like. The above-obtained solution having
20 dissolved therein the zeolite is diluted in approxi-
mately 5- to 100- fold so as to be suitable for the be-
low-mentioned measurement by ICP.) The concentrations
of silicon and aluminum are measured by ICP using the

below-mentioned ICP spectrometer under the below-

25 mentioned conditions, and the SiO;/Al1,03 molar ratio of



Reaction rate constant K = WHSV x In (1/(1-X)); wherein WHSV neans the
wei ght hourly space veloc 25 ity, and X represents the conversion of
butenes in the 40 feedstock material which is defined by the follow ng

" fornmula: 5 Conversion X of butenes in the feedstock nmaterial Butenes

con- Butenes con- centration of - centratiog of the feedstock the product
material Butenes concentration of the feed3fock materi al Exanple 1 10 A
Na+ form ZSM5 zeolite having a Si 02/ A1203 nolar ratio of 300 is dispersed
in a 0.05 N aquébes zeiollvddre irs toadiomlsdiad iforon( Hhec cyapcasdingteorend £
subjected to ion exchange treatnent at roomtenperature for 2 hours.
Subsequent |y, tisdlicon tamek adivogarami.on is filtered to 15 collect the
zeolite, and the collected zeolite is washed with water and dried at 120 C
for 5 hours, fol-

ICP spectrometer and conditions for ICP spectrometry
5 are as follows:
*ICP spectrometer
JOBIN YVON(JY138 ULTRACE) (manufactured and sold
by Rigaku Corporation, Japan)
*Conditions for ICP
10 Wavelength for measuring the concentration of sil-
ica: 251.60 nm
Wavelength for measuring the concentration of alu-
minum: 396.152 nm
Plasma power: 1.0 kW
15 Flow rate of the nebulizer gas: 0.28 1l/min
Flow rate of the sheath gas: 0.3 to 0.8 1l/min

Flow rate of the coolant gas: 13 1l/min

The reaction rate constant K, which is an index of
20 catalytic activity of the catalyst, is calculated by

the following formula:

Reaction rate

constant K = WHSV x 1n (1/(1-X));

wherein WHSV means the welght hourly space veloc-

25 ity, and X represents the conversion of butenes in the




| owned by calcination in air at 550 C, thereby obtain- ing Catalyst A The
Ag content and Ag20/ Na20 nolar ra- tio of Catalyst A are neasured by
fiuorescent X-ray 20 analysis. The Ag content is 1.0 % by wei ght. The

- A920/ Na20 nol ar ratio is 0.82/0.18. The fluorescent X- ray analysis is
conducted by neans of X-ray SPECTROVE- TER RI X 3000 (manufactured and sold
by Ri gaku Corpora- tion, Japan), using a safffl e obtained by conpression 25
nol ding a zeolite which is 4-fold diluted with Avicel 41 (crystalline

cel l ul ose manuf Feledsab o tha@ i dly Wisiodh 1 Kakef indaD oy Kabeisfo Kiowaigha,
Japan). The amount of protons in Catalyst A neasured by the |iquid phase
ion exchange/fiflomatl&atitration method is 0.002 nmmol/g. 5 Catalyst Ais
conpressi on nol ded and pul verized. The resultant particles are sieved to
coll ect those having a particle size of from22 to 30 mesh. 0.36 g of the

collected Catalyst Ais diluted w tButetdsgcoh- pul veré&edn Réasggrilg rings
(nade of porcelain) having the 10 sgghtpatibal 6fsi ze as n?lpned bove,

i.e., 22 to 30 dBHmsforsish oharged i Bhe 2e@uaEbakgl ass TEALIAF - MAVhg an
inner di @meter qfy 48, ¢{BRes N4 0gen gaseisagharged int otNArRFP®eGed t hr ough

the reactor at qfﬁ(¥%é & =1 06—ee+HmrA—under—atrospher+e—pressure— and
the tenperature iI'S evated to a predebaes rethdeaymertdlon eof appr oxi -
mately 600 C) by"HeHPof a tubul ar el epbr iFeefidkBakematerial

Example 1

10 A Nat form ZSM-5 zeolite having a SiO3/Al,03 molar
ratio of 300 is dispersed in a 0.05 N aqueous silver
nitrate solution (10 cc/g-zeolite) and subjected to ion
exchange treatment at room temperature for 2 hours.
Subsequently, the resultant dispersion is filtered to

15 collect the zeolite, and the collected zeolite is
washed with water and dried at 120 °C for 5 hours, fol-
lowed by calcination in air at 550 °C, thereby obtain-
ing Catalyst A. The Ag content and Agp0/Naj0O molar ra-
tio of Catalyst A are measured by fluorescent X-ray

20 analysis. The Ag content is 1.0 % by weight. The
Ag,0/Naj0 molar ratio is 0.82/0.18. The fluorescent X-
ray analysis is conducted by means of X-ray SPECTROME-
TER RIX 3000 (manufactured and sold by Rigaku Corpora-
tion, Japan), using a sample obtained by compression

25 | molding a zeolite which is 4-fold diluted with Avicel



Subsequent |y,

extracting butadi ene and i sobutene froma C4 fraction obtained by the

st eam cracki ng of 20 napht ha)

15 g/'hr. The reaction is continuously perforned for 48 hours under
conditions wherein the reaction tenperature is 600 C and VWHSV (wei ght
hourly space velocity)=41.7 (hr-1). The coﬁﬁositions of the resultant

reaction 25 products,

the start of thddrysdialgiofe tdwl Fwbosd ordknutd @tuxed grsdhoswild nof abs&h 2) |,

anal yzed by directly introduc- ing a portion of each of the respective

reaction pro- df@sel Kagye dabushidratyrsiph, (lapan) a Ther malowdnauc 5

tivity detector (TCD) and a flanme ionization detector (FID)). The analysis

by gas chromat oPEHARS sipdratalFsiedd UrrrSuTe Bl the higebhddhiemsion

Chr omat ogr aph: GC- 17A t%pe as chromat ograph (manufactured and sol d by
nas/ Lead

Shi madzu Cor por &X&&

e tnantorome B abs | ¢ e? 92 dBnekfg SPB- 1

(inner di- anmeter: 0.25 mm length: 60 m thickness of film_ 3.0 tun)
(manuf actured and sol@H¥&hhd dF EARFessiqpmolded and pwlveriard of t he

: . : . . i '
sanple gas: 1 nhnﬁghe tﬁgperature of . the sa Ilqg line is maintained a

200 to 300 C

10

15

20

25

resultant particles are sieved to collect those
having a particle size of from 22 to 30 mesh. 0.36 g
of the collected Catalyst A is diluted with 1.14 g of
pulverized Raschig rings (made of porcelain) having the
same particle size as mentioned above, i.e., 22 to 30
mesh, and charged into a quartz glass reactor having an
inner diameter of 16 mm$¢. Nitrogen gas is charged into
and flowed through the reactor at a flow rate of 100
cc/min under atmospheric pressure, and the temperature
is elevated to a predetermined temperature (approxi-
mately 600 °C) by means of a tubular electric furnace.
Subsequently, in place of the nitrogen gas, a C4q4 raffi-
nate-2 (obtained by extracting butadiene and isobutene
from a C4 fraction obtained by the steam cracking of
naphtha) is charged into the reactor at a flow rate of
15 g/hr. The reaction is continuously performed for 48
hours under conditions wherein the reaction temperature
is 600 °C and WHSV (weight hourly space velocity)=41.7
(hr-1). The compositions of the resultant reaction

products, obtained at predetermined points in time af-

obtained at predetermned points in time af 42 ter

in place of the nitrogen gas, a ¢4 raffi- nate-2 (obtained by

is charged into the reactor at a flow rate of

are



in order to prevent l|iquefaction.); Tenperature el evation program wherein
the colum tenperature is maintained at 40 C for 12 mnutes, 20 elevated
to 200 Cwith a tenperature elevation rate of 5 Cmin, and maintained at

" 200 C for 22 minutes; Split ratio: 200:1; Flowrate of the carrier gas
(nitrogen gas): 120 25 m/min; 43 5 10 15 Qperation conditions of FID
detector, wherein: pressure of air charged4250 kPa (approximately 500
m/mny, and pressure of hydrogen charged: 60 kPa (approxi- mately 50

m /mn); and Mettexn Wie t$wavpeofit the feedihg cPathe efealdistovkenatsrisbe TCD
and FID are connected in series, where- upon hydrogen and hydrocarbons each
having 1 to 2 cahwn atnrBable Akt earedahylyned TEY, dihecthy ihydoduar bons
each having 3 or nore carbon atonms are detected by the FID (@he detection
by the TCD is sWit9 chaéPEblemeoticeachi of blyethespeCrive reaction pro-

ducts into a gas chromatograph (using a thermal conduc-
5 tivity detector (TCD) and a flame ionization detector
(FID)). The analysis by gas chromatography is per-
formed under the following conditions:
Chromatograph: GC-17A type gas chromatograph
(manufactured and sold by Shimadzu Corporation,

10 Japan) ;

Column: Custom capillary column SPB-1 (inner di-
ameter: 0.25 mm, length: 60 m, thickness of film:
3.0 pm) (manufactured and sold by Supelco Corpora-
tion, U.S.A.);

15 Amount of the sample gas: 1 ml (the temperature of
the sampling line is maintained at 200 to 300 °C
in order to prevent liquefaction.);

Temperature elevation program, wherein the column
temperature i1s maintained at 40 °C for 12 minutes,

20 elevated to 200 °C with a temperature elevation

rate of 5 °C/min, and maintained at 200 °C for 22

minutes;
Split ratio: 200:1;
Flow rate of the carrier gas (nitrogen gas): 120

25 ml/min;



m nutes after the start of the analysis). The results are shown in Table 2.
The reaction rate constant K at 30 mnutes after the start of the
reaction is 54.6 (hr-1). 20 Conparative Exanple 1 The conversion reaction
~of a C4 raffinate-2 is conducted under substantially the sanme conditions
as in Exanple 1, except that a H+ form ZSM5 zeolite having a $S102/A12C3
nolar ratio of 300 is used as a catal yst and3 25 that the reaction is

term nated 24 hours after the 44 start of the reaction since the
deactivation of the GremYybenicondptiondhef reEhl dstaectoshovimeraidabl e 3.
The reaction rate constant K at 30 mnutes after the start of the reaction
is 44.9 (hr-1). 5 ConparRERfsbes wwlernilbthkargednd>@ kPatagpsdwimate bt
when catal yst A as prepared and used in Exanple 1 is used, the yields of
propyl ene and et hyl ene i¥PQ Hel/min}i sandtage of the reaction is high, and
that the yield lowering in Exanple 1 with the | apse of time is 10
extremely small, as conPFETFYE tHathTH v ohaTIed £x60 Jip e(aPpExshpl e 2
4 g of Catalyst A as used in Example 1 is charged 15 into a quartz gl ass
reactor having an inner RAEHEE 10 gL/ M him@ndnd steamed for 5 hours under

condi ti ons where-
Method of the operation for the measurement,

wherein:
the TCD and FID are connected in series, where-
upon hydrogen and hydrocarbons each having 1 to
10 2 carbon atoms are detected by the TCD, whereas
hydrocarbons each having 3 or more carbon atoms
are detected by the FID (the detection by the
TCD is switched to the detection by the FID 10

minutes after the start of the analysis).

15
The results are shown in Table 2. The reaction
rate constant K at 30 minutes after the start of the
reaction is 54.6 (hr-1l).
20 Comparative Example 1

The conversion reaction of a C4 raffinate-2 is
conducted under substantially the same conditions as in

Example 1, except that a H* form ZSM-5 zeolite having a

$10,/A1,03 molar ratio of 300 is used as a catalyst and

25 that the reaction is terminated 24 hours after the



in the tenperature is 650 C, the flowrate of steamis 27.6 g/hr and the
flow rate of nitrogen gas is 140 Ncc/mn (cc/mn. under nornmal tenperature
and pressure 20 conditions, i.e., 0 Cand 1 atm). The anount of pro- tons
“in Catalyst A after steaming, which is nmeasured by the liquid phase ion
exchange/filtrate titration nmethod, is 0.0%5 mml/g. 0.6 g of Catal yst A
after steaming is diluted with 0.9 g of pul*vVerized Raschig rings (nade of
25 porcelain) and charged into the reactor. The conver 45 sion reaction of
a 4 raffinat e- 3tartonduthe dremcieion ssbstantheal dgactibvatihen cofidthe ons as
in Exanple 1, ex- cept that the amount of the C4 raffinate-2 charged into
the reactor is ZABSY IS\HARDBY. 5 The Desufits raxaulstewdh gme Tadvwn 3.n Tabl e
4. The reaction rate constant Kat 30 mnutes after the start of the
reaction is 51.9 (hr-The regeleiororptet¢onstant He aig-Hourinekes jafter
nitrogen gas is charged into the reactor, thereby purging the hydrocarbon
in the reactor. thferftame efnphe sremet bon 1©Stﬁ'é-%aﬂar§/gi -layer is
mai nt ai ned at 500 C. Subse-, %fg%Lg, air/nitrogen gas_ (oxygen concentration

is 2 % by volume) i TR WERP TIRERS thrHIG S tFEEFebE-ShYFS so
that the coke accunul ated on tfe cafalyst is burnt_off._ A portion_of_the
a. di soharged T PSR SR TETE b ThaPTedRTel Thb Rrdel DabxampLS 1
g 9 ! ¢ . ererl i cal |
discharged gas s JEI£r "&b 11 &Pas "EHPEESHL SN 988a) o by PELL Offh CBILY
initial stage of the reaction is high, and that the
yield lowering in Example 1 with the lapse of time is
10 extremely small, as compared to that in Comparative Ex-

ample 1.

Example 2

4 g of Catalyst A as used in Example 1 is charged
15 into a quartz glass reactor having an inner diameter of
16 mm¢, and steamed for 5 hours under conditions where-
in the temperature is 650 °C, the flow rate of steam is
27.6 g/hr and the flow rate of nitrogen gas is 140
Ncc/min (cc/min. under normal temperature and pressure
20 conditions, i.e., 0 °C and 1 atm.). The amount of pro-
tons in Catalyst A after steaming, which is measured by
the liquid phase ion exchange/filtrate titration method,
is 0.002 mmol/g. 0.6 g of Catalyst A after steaming is
diluted with 0.9 g of pulverized Raschig rings (made of

25 porcelain) and charged into the reactor. The conver-



taken as a sanple, and anal yzed by gas chromatography for neasuring the
concentrations of CO2 and COin the regeneration gas. The anount of coke
is calculated 20 fromthe concentrations of CO2 and CO The anal ysis of the
" regener-ati on gas by gas chro- nmatography is perforned under the follow ng
conditions: Chromatograph: GC-8A type gas chromatograph (manufac- tured
and sold by Shimadzu Corporation, Japan) withh a 25 thermal conductivity
detector (TCD) 46 Columm: the follow ng Col ums &1) and (2) are connected
in parallel: Col$ARP(4§actigusoEofufm Raffhpaka-gnher candusted upfes mm
and a length of 3 m which is packed with 5 Ml ecular Sieve 5A (80 to 100
mesh, manuf act urdiPskrntbrbilyytheksaper eomdétilens aadist Ekamplet d,, ex-
Japan), and Col um %hi?g_ﬁgs col umm having an inner dianmeter of 3 nmm and
o 0

a length of 2 mCWh B KBBOWREhot 18heotapRaf&ipabers Fheragdninto
manuf actured and sold by WATERS ASSCOCI ATES Co., Ltd., U S A ) and which is
connected, in sefi®sreadter sus %%fEnﬁ/havm{jsﬁﬁﬂiﬁnbr'&i)arr&@ rgs@lisn and
o) cnth o L Mo S8 Lhsto S8 nlelL VD OB ELgu taler 00 TLILOLL and. 1o
30 minutes after the start of the reaction is 51.9 (hr-
1y, After completion of the 48-hour reaction, nitrogen
gas is charged into the reactor, thereby purging the
hydrocarbon in the reactor. Then, the temperature of
10 the catalyst layer is maintained at 500 °C. Subse-
quently, air/nitrogen gas (oxygen concentration is 2 %
by volume) is charged into and flowed through the reac-
tor, so that the coke accumulated on the catalyst is
burnt off. A portion of the gas discharged from the
15 outlet of the reactor (hereinbelow, this discharged gas
is referred to as “regeneration gas”) is periodically
taken as a sample, and analyzed by gas chromatography

for measuring the concentrations of CO; and CO in the

regeneration gas. The amount of coke is calculated
20 from the concentrations of CO; and CO.

The analysis of the regeneration gas by gas chro-
matography is performed under the following conditions:
Chromatograph: GC-8A type gas chromatograph (manufac-
tured and sold by Shimadzu Corporation, Japan) with a

25 thermal conductivity detector (TCD)



amount, of the coke wth the total amount of the feed- stock materi al
charged into the reactor is found to be 20 74 ppm by weight. As apparent
from conpari son between Tables 4 and 2, as a result of the steanming, the
“catalytic activity of the zeolite is slightly |lowered, but the
deactivation of the zeolite is further suppressed. 25 47 Conparative
Exanple 2 The H+ form ZSM5 zeolite as used 4% Conparative Exanple 1

whi ch has an S102/ A1203 nolar ratio of 300, is subjected to steam ng under
substantial |y theobame: SthenfipllowingsCophulrambile 2npdafd)t hrecornsesited
reaction of a C4 raffinate-2 is conducted under substantially the sanme
conditions as i MEXRdpRELEL:except that WHSV is 16.7 (hr-1). The yields (%
by weight) at 30 minutes after the start_of the reaction are as foll ows.
10 Hydrogen + net hanecobumnofl) gt ayPEfecoipmn bavingaas: 1pnerogiapespy| ene:
27.9 % Propane: 1.9 % _15 Butenes; 16.7 % Butanes: 21.7 % _ C5-C8 PNO
(paraffins, naphthenedf ahd™B| @8rdnd dgpgth of 3 m, which is packed with

5 Molecular Sieve 5A (80 to 100 mesh, manufactured

and sold by Wako Pure Chemical Industries, Ltd.,
Japan), and
Column (2): a SUS column having an inner diameter
of 3 mm and a length of 2 m, which is packed with

10 Porapac-Q (80 to 100 mesh, manufactured and sold
by WATERS ASSOCIATES Co., Ltd., U.S.A.) and which
is connected, in series, to a SUS column having an
inner diameter of 3 mm and a length of 1 m;

Carrier gas: helium gas (flow rate: 60 ml/min); and

15 Column temperature: 70 °C.

The yield of the coke obtained by dividing the
amount of the coke with the total amount of the feed-
stock material charged into the reactor is found to be

20 74 ppm by weight.

As apparent from comparison between Tables 4 and 2,
as a result of the steaming, the catalytic activity of
the zeolite is slightly lowered, but the deactivation
of the zeolite is further suppressed.

25



having 5 to 8 carbon atons): 8.2 % C6-C8 A (aromatic hydrocarbons each
having 6 to 8 20 carbon atons): 7.6 % and C9+ (hydrocarbons each having 9
of nore carbon at- onms): 0.5 % Further, the yields (% by weight) at 48
hours af- ter the start of the reaction are as follows. 25 Hydrogen +

met hane: 0.6 % 48 Ethylene: 6.4 % Ethane 0 3 % Propylene: 25.9 %
Propane: 0.7 % 5 Butenes: 30.2 % But anes?721.7 % C5-C8 PNO 11.6 %
C6-C8 AL 2.5 9% and Cg+: 0.1 % 10 The reaction rate constant K at 30

m nutes after tCwnpArativé EkxsmpbacRion is 21.1 (hr-1). After com pletion
of the reaction, the catalyst is regenerated by substantially the sane

met hod as i n Exanpl e'nhe&n’d fdem ZSMuhtzedliokeas susedsim eComgdeayied d of
the coke is 15 208 ppmb Conpari son between_the results of

a2 and NS Draioh | as Cab G185 PA LaBaano ket TaLior PRI S0Py,

is subjected to steaming under substantially the same
5 conditions as in Example 2, and the conversion reaction
of a C4 raffinate-2 is conducted under substantially
the same conditions as in Example 2, except that WHSV
is 16.7 (hr‘l). The yields (% by weight) at 30 minutes
after the start of the reaction are as follows.
10 Hydrogen + methane: 2.1 %,
Ethylene: 12.7 %,
Ethane: 0.7 %,
Propylene: 27.9 %,
Propane: 1.9 %,
15 Butenes: 16.7 %,
Butanes: 21.7 %,
Cs-Cg PNO (paraffins, naphthenes and olefins each
having 5 to 8 carbon atoms): 8.2 %,
Ce-Cg A (aromatic hydrocarbons each having 6 to 8
20 carbon atoms): 7.6 %, and
Co+ (hydrocarbons each having 9 or more carbon at-
oms): 0.5 %.
Further, the yields (% by weight) at 48 hours af-
ter the start of the reaction are as follows.

25 _ Hydrogen + methane: 0.6 %,



despite that the catalytic activity of the catalyst wused in the nethod of
the present invention is high, as 20 conpared to that of the conventi onal

proton formzeo- lite catalyst used in Conparative Exanple 2, the anount
"of the.coke generated during the reaction perforned by the nethod of the
present invention is extrenely small, as c ared to the anmount of the

coke generated during 25 the reaction perfornmed in Conparative Exanple 2.
49 It i's known that when a zeolite catalyst is steaned at a high
tenperature, the zeolBthvkene y&t4 %uffers permanent deactivation. In the
operation for the regeneration of a zeolite catalyst, in which the 5 coke
accurul ated on the zé«%m%féeta‘?a?y%t is burnt off, steamis generated due
to the burning of hydrogen gas contained in the coke. As a result, when
the operation for tHHFIRGERRat?dn 0¥ a zeolite catalyst is repeat- edly
conduct ed, deactivation of the zeolite catalyst 10 occurs (regeneration
deactivation). Thereffdr®@a%%e el %istance of the zeolite catalyst to the
regeneratjon deactivation can Qe eval uat ed, based on the change in the
catal ytic activity céﬁyﬁﬂ“ﬁi‘t% &teaning. In or- der to evaluate the

resi stance to the reqﬁp@gégégwak5 activation with respect to the zeolite
catal yst used in the presént Tnventfon, conparison is made with respect

to the reaction rate(ggn@geyﬁ§:iplﬁgagples 1 and 2, and

Cg-Cg A: 2.5 %, and

Co+: 0.1 %.

10 The reaction rate constant K at 30 minutes after
the start of the reaction is 21.1 (hr‘l). After com-
pletion of the reaction, the catalyst is regenerated by
substantially the same method as in Example 2, and the
amount of coke is measured. The yield of the coke is

15 208 ppm by weight.

Comparison between the results of Example 2 and
those of Comparative Example 2 shows that, surprisingly,
despite that the catalytic activity of the catalyst
used in the method of the present invention is high, as

20 compared to that of the conventional proton form zeo-
lite catalyst used in Comparative Example 2, the amount
of the coke generated during the reaction performed by
the method of the present invention is extremely small,
as compared to the amount of the coke generated during

25 the reaction performed in Comparative Example 2.



Conpar.ative Exanples 1 and 2. The results are shown in Table 15. As
apparent from Table 15, the deactivation 20 of the catal yst used in the
met hod of the present in- vention is extrenely small, and this clearly
"shows that the resistance of the catalyst used in the nethod of the
present invention to the regeneration deactjyation is very high. 25 50
Exanple 3 A Na+ form ZSM5 zeolite having a Si 02/ A1203 nolar ratio of 230
is dispersed in a 0.015 N aqueous silver nitrate solution (10

cc/ g-zeolite) and subjtedtSednayn dhat éi&ﬁihrigezqqlé‘étmt?hﬁfoo‘rﬁdt enper at ur e
for 2 hours. Subsequently, the resultant dispersion is filtered to

col l ect the zeolsil%[eé’ﬂ‘ezgn(? e HAh SQMRETAIHTG e the FRRMER vﬁaﬂha%ézgr Cand
dried at 120 C for hours, fol- lowed by calcination in air at 5

t her eby obtain fﬁﬁﬁ%f%}ﬁ%ﬁﬂﬂ333§ éﬁﬂ? Fokent 180 dEy SBERIAROIELT 1 a-

o one 5! R R LA ETE i S LY e B o
Lot 15 SRS il Sl SR I TS
tenperature is @3Q 0y ildQddPMited due to the burning of hydrogen gas
contained in the coke. As a result, when the operation
fqr the regeneration of a zeolite catalyst is repeat-
edly conducted, deactivation of the zeolite catalyst
10 occurs (regeneration deactivation). Therefore, the re-
sistance of the zeolite catalyst to the regeneration
deactivation can be evaluated, based on the change in
the catalytic activity caused by the steaming. In or-
der to evaluate the resistance to the regeneration de-
15 activation with respect to the zeolite catalyst used in
the present invention, comparison is made with respect
to the reaction rate constants in Examples 1 and 2, and
Comparative Examples 1 and 2. The results are shown in
Table 15. As apparent from Table 15, the deactivation
20 of the catalyst used in the method of the present in-
vention is extremely small, and this clearly shows that
the resistance of the catalyst used in the method of
the present invention to the regeneration deactivation
is very high.

25



rate of steamis 27.6 g/hr and the flowrate of nitro- gen gas is 140
Ncc/ mi n. The amount of protons in Cata- |lyst B after steamng, which is
measured by the liquid 20 phase ion exchange/filtrate titration nethod, is
"0.002 .mmol/g. 0.6 g of Catalyst B after steamng is diluted with 0.9 g of
pul verized Raschig rings (made of porce- |ai and charged into the
reactor. The conversion re- action of a C4 rarfinate-2 is conducted under
substan 25 tially the same conditions as in Exanple 2, except that 51 the
reaction time i sExampbeird. The results are shown in Table 5. Conparative
Example 3 5 A Na+ form ZSM5 zeolite having a Si 02/ A1203 nolar ratio of 86
is dispersed in a 0. AN afeEBuESYrPveeolihter having| at $4A2(A0203 molar
cc/g-zeolite) and subjected to ion exchange treatnent at roomtenperature
for 2 hours. SuFdebRept|930the fdespprand dnspePsPdh Nsagpppufegidyero
collect the zeolite, and the collected zeolite is washed with water and
dried at 120 C fRttBaheuFlutdrn (Qefchg-2ardingdi 8Rdi fuRdpchedste ¢Eon

t hereby obtain- ing Conparative talyst A, The Ag content _and Ag20/ Na20
e Y B AT hhangB L foatEeEl 21 2heh tempRzalureqten 7 RORESont
X-ray anal ysis. C ent_. s 1.1.%Dh i.ght. . The.Ag20 20 npl ar
ratio is 0.28/ .#@%égbﬁﬁ%#YCbﬁgﬁr5??9%{é3¥a%§§ge£?19§ &ﬁa%éég%redngo
collect the zeolite, and the collected zeolite is
washed with water and dried at 120 °C for 5 hours, fol-

lowed by calcination in air at 550° C, thereby obtain-

10 ing Catalyst B. The Ag content and Ag,0/Naj0 molar ra-
tio of Catalyst B are measured by fluorescent X-ray
analysis. The Ag content is 1.0 % by weight. The
Ag;0/Naj0 molar ratio is 0.66/0.34. 4 g of Catalyst B
is charged into a quartz glass reactor having an inner

15 diameter of 16 mm$¢, and steamed for 5 hours under con-
ditions wherein the temperature is 650 °C, the flow

rate of steam is 27.6 g/hr and the flow rate of nitro-
gen gas is 140 Ncc/min. The amount of protons in Cata-
lyst B after steaming, which is measured by the liquid
20 phase ion exchange/filtrate titration method, is 0.002
mmol/g. 0.6 g of Catalyst B after steaming is diluted
with 0.9 g of pulverized Raschig rings (made of porce-
lain) and charged into the reactor. The conversion re-

action of a C4 raffinate-2 is conducted under substan-

25 tially the same conditions as in Example 2, except that



into a quartz glass reactor having an inner dianeter of 16 m#, and
steaned for 5 hours under conditions where 20 in the tenperature is 650 C,
the flowrate of steamis 27.6 g/hr and the flowrate of nitrogen gas is
140 Ncc/min. The anount of protons in Conparative Catalyst A after
steam ng, which is neasured by the liquid @ﬂgse i on exchange/filtrate
titration nmethod, is 0.003 25 mmol/g. 0.36 g of Conparative Catal yst A
after steam52 ing is diluted with 1.14 g of pul verized Raschig rings
(made of porcel afhf ERRCEhAR gbdmenis 2hechevret orTheree sy %% G9WhCt | on
of a C4 raffinate-2 is_conducted under substantially the same conditions
as in Exanple 1,i% B3REPtSthat the reaction tinme is 24 hours. The results
are shown in Table 6. Conparative Exanple 4 A Na+ form ZSM5 zeolite having
a Si 02/ A1203 nolar 10 ratio of 175 is dispersed in a 0.01 N aqueous silver

nitrate sol ution 510 ccéggzegritel and subjected to ion exchange treatnent
at room t enper at S sequently, the resultant dispersionis
W th vat et and dri ed Briasotert ors R otr el £Fel BayEact oyt sl bTade BALT ai
oS0 i S PR o s BIPRRELpUEA R 20181 gdlBof0 EBTLED o
nitrate solution (10 cc/g-zeolite) and subjected to ion
exchange treatment at room temperature for 2 hours.
Subsequently, the resultant dispersion is filtered to
10 collect the zeolite, and the collected zeolite is
washed with water and dried at 120 °C for 5 hours, fol-
lowed by calcination in air at 550 °C, thereby obtain-
ing Comparative Catalyst A’'. The Ag content and
Agp0/Naj0 molar ratio of Comparative Catalyst A’ are
15 measured by fluorescent X-ray analysis. The Ag content
is 1.1 % by weight. The Ag,0/Naj0 molar ratio is
0.28/0.72. 4 g of Comparative Catalyst A’ is charged
into a gquartz glass reactor having an inner diameter of
16 mm¢, and steamed for 5 hours under conditions where-
20 in the temperature is 650 °C, the flow rate of steam is
27.6 g/hr and the flow rate of nitrogen gas is 140
Ncc/min. The amount of protons in Comparative Catalyst
A’ after steaming, which is measured by the liquid

phase ion exchange/filtrate titration method, is 0.003

25 mmol/g. 0.36 g of Comparative Catalyst A' after steam-



by fluorescent X-ray analysis. The Ag content is 0.9 %20 by wei ght. The
Ag20/ Na20 nol ar ratio is 0.45/0.55. 4 g of Conparative Catalyst B is
charged into a quartz glass reactor having an inner dianeter of 16 nmm
and steamed for 5 hours under conditions wherein the tem perature is 650
C, the flowrate of steamis 27.6 g/hr 25 and the flow rate of nitrogen gas
is 140 Ncc/mn. The 53 anmount of protons in5@0nparative Catal yst B after
steam ng, which is neasured by the liquid phase ion ex- change/filtrate
titrati on net hoding sig. @&0Putedl wiith01854ggodf Conpuernlzed Ratahygt rBhgafter
steaming is di- 5 luted wwth 0.65 g of pulverized Raschig rings (made of
porcel ai n) and ctmad¢edof nporchbairacand bharggdahntanthe deaatosr dfhel6
mm. The conversion reaction of a C4 raffinate-2 is conducted_under
substantial |y t HROREESiepnEearbhsnasti A Exakpféinatesdepf cARLUFERED
reaction 10 tinme is 24 hours. The results are shown in Table 7. Conparison
of Tables 4 and Wn@g¥ hsybptantsabhy Yhecpame| goBAsksonaanst he BErpmBieol .t he
Si 02/ A1203 nolar ratio of a zeolite on the deactivation of the catalyst

is extren®ly | argfECeRhdtRAht thfeReffEioBOFEE hAVAAGRAVES: hiHre SN DB
nolar ratio is used, the catalytic ac- tivity of the catalyst is stable for
a prol onged peri®t® ROV ErBAfI &-4

Comparative Example 4

A Nat form ZSM-5 zeolite having a SiO3/Aly03 molar

10 ratio of 175 is dispersed in a 0.01 N aqueous silver
nitrate solution (10 cc/g-zeolite) and subjected to ion
exchange treatment at room temperature for 2 hours.
Subsequently, the resultant dispersion is filtered to
collect the zeolite, and the collected zeolite is

15 washed with water and dried at 120 °C for 5 hours, fol-
lowed by calcination in air at 550 °C, thereby obtain-
ing Comparative Catalyst B'. The Ag content and
Ag,0/Naj0 ratio of Comparative Catalyst B’ are measured
by fluorescent X-ray analysis. The Ag content is 0.9 %

20 by weight. The Ag;0/Najz0 molar ratio is 0.45/0.55. 4
g of Comparative Catalyst B' 1s charged into a quartz
glass reactor having an inner diameter of 16 mm¢, and
steamed for 5 hours under conditions wherein the tem-
perature is 650 °C, the flow rate of steam is 27.6 g/hr

25 and the flow rate of nitrogen gas is 140 Ncc/min. The



20. 0.8 g of Catalyst Ais diluted with 0.7 g of pul- verized Raschig rings
(nmade of porcelain) and charged into a quartz glass reactor having an

i nner dianeter of 16 nm-. The conversion reaction is conducted using 1 25
“hexene as a feedstock material under conditions wherein 54 5 10 15 20 25
the reaction tenperature is 550 C, the anmobunt of 1- hexene charged into the
reactor is 74.5 g/hr (WHSV=93 hr-1), the fPSw rat e of nitrogen gas is 75
Ncc/mm and the pressure is atnospheric pressure. The gas dis- charged
fromthe outl et amiounte ofaptotofsetri Cheparativefeataetlyso BS Afeaeti on
gas") 30 mnutes after the start of the feeding of the feedstock materi al
is ana- |lyzed. THkearbngt swiaiehshowneasufed| by Sthé&xhiguidSphasa+iénrexZSM 5
zeolite having a ratio of 300 is dispersed in a 0.005 N nitrate solution
(10 cc/ g-zeol i t ghange/fikkteate titoahior methodm tenpPeddl unsol/g.
Subsequent |y, thez;esultant di sper si on

5 g of Comparative Catalyst B’ after steaming is di-
5 luted with 0.65 g of pulverized Raschig rings (made of
porcelain) and charged into the reactor having an inner
diameter of 16 mm$. The conversion reaction of a C4
raffinate-2 is conducted under substantially the same
conditions as in Example 1, except that the reaction
10 time is 24 hours. The results are shown in Table 7.
Comparison of Tables 4 and 5 with Tables 6 and 7
clearly shows that the effect of the SiO;/Al,03 molar
ratio of a zeolite on the deactivation of the catalyst
is extremely large, and that when the zeolite having a
15 high 5i0,/A1,03 molar ratio is used, the catalytic ac-
tivity of the catalyst is stable for a prolonged period

of time.

Example 4

20 0.8 g of Catalyst A is diluted with 0.7 g of pul-
verized Raschig rings (made of porcelain) and charged
into a quartz glass reactor having an inner diameter of
16 mm¢. |

The conversion reaction is conducted using 1-

25 hexene as a feedstock material under conditions wherein



collect the zeolite, and the collected Si02/A1203 nol ar aqueous silver
subjected to for 2 hours. ionis filtered to zeolite is washed with water
and dried at 120 C for 5 hours, fol- | owed by calcination in air at 550 C
"thereby. obtain- ing Catalyst C. The Ag content and Ag20/ Na20 nol ar ra- tio
of Catalyst C are neasured by fluorescent X-ray analysis. The Ag content
is 0.4 %by weight. The Ag20/Na20 nolar rati% is 0.34/0.66. 4 g of
Catalyst C is charged into a quartz glass reactor having an inner

di ameter of 16 ntide medctieanedmperabubeuis BBderc COthe dihd@iE dbefein the
tenperature is 650 C, the flow 55 rate of steamis 27.6 g/hr and the flow
rate of nitro- JReX¢RS fhargedNEntai hheTheaatounisof4psoyghs (WHSREES | yst
C after steami ng, which is neasured by the liquid phase ion
exchange/fiItral@rt}irathenfMQWhndteistnﬂﬁio@enﬂghégislvBSNgg¢ﬁiﬁahﬁhyst C
after steamng is charged into the reactor having an inner dianeter of 16
mmd. The converSt®rPFesgurenissatvagnbesiicupragsirbut éfiee agas alfseedst ock

rial under conditions wherein the reac-
mat e 5 charged from the outlet of the reactor (hereinbelow,

referred to as "reaction gas”) 30 minutes after the
start of the feeding of the feedstock material is ana-

lyzed. The results are shown in Table 8.

10 Example 5

A Na‘t form ZSM-5 zeolite having a Si03/A1703 molar
ratio of 300 is dispersed in a 0.005 N aqueous silver
nitrate solution (10 cc/g-zeolite) and subjected to ion
exchange treatment at room temperature for 2 hours.

15 Subsequently, the resultant dispersion is filtered to
collect the zeolite, and the collected zeolite is
washed with water and dried at 120 °C for 5 hours, fol-

lowed by calcination in air at 550 °C, thereby obtain-

ing Catalyst C. The Ag content and Ag,0/Naz0 molar ra-
20 tio of Catalyst C are measured by fluorescent X-ray
analysis. The Ag content is 0.4 % by weight. The
Ag,0/Najs0 molar ratio is 0.34/0.66. 4 g of Catalyst C
is charged into a quartz glass reactor having an inner
diameter of 16 mm$, and steamed for 5 hours under con-

25 ditions wherein the temperature is 650 °C, the flow



tion tenperature is 600 C, the amount of 1-butene 10 charged into the
reactor is 16.6 g/ hr (WHSV=9.5 hr-1) and the pressure is atnospheric
pressure. The reaction gas at 30 mnutes after the start of the feeding of
"the feedstock material is analyzed. The results are shown in Table 8. 15
Exanmple 6 A Na+ form ZSM5 zeolite having a Si 02/ A1203 nolar ratio of 300
is dispersed in an aqueous solution con- taiT®ng a mixture of silver
nitrate and potassiumni 20 trate (concentration of silver nitrate: 0.006
N, con- centr atipatef ofosasamutiisni2tyr. 8t g/h@. 833 Mhead osUhjaeet @F nli®rican
exchange treatnent at roomtenperature for 2 hours. Subsequently, the
resul tant di spergénngas fisl 14DeNed/mdncol Tket ambenteofi peotand ihecata-
collected zeolite 25 is washed with water and dried at 120 C for 5 hours,
56 followed by ca¥stnét afhernsi&eamang55@hCeht her elepsalredt diynithe Cdigaliyst D.
The Ag content, K content and Ag20/Na2Q' K20 nolar ratio of Catalyst D are
measured by fl| uPhRaseehonxerghangsl/fdilsratee tAgradibanmeithod., 4i% iy 092

wei ght. The K content is 0.1 % by weight. The Ag20/Na2Q' K20 nolar ratio is
0.34/0.43P0.23. mmglig. Ght B y3toD Fatahnsye@ afiterasteaminggiassharaedor

hav- ing an inner dianeter of 16 n¥#¥, and steanmed for 5
into the reactor having an inner diameter of 16 mm¢.

The conversion reaction is conducted using l-butene as
a feedstock material under conditions wherein the reac-
tion temperature is 600 °C, the amount of l-butene

10 charged into the reactor is 16.6 g/ hr (WHSV=9.5 hr-1)
and the pressure is atmospheric pressure. The reaction
gas at 30 minutes after the start of the feeding of the

feedstock material is analyzed. The results are shown

in Table 8.
15
Example 6
A Na* form ZSM-5 zeolite having a Si0,/Al,03 molar
ratio of 300 is dispersed in an aqueous solution con-
taining a mixture of silver nitrate and potassium ni-
20 trate (concentration of silver nitrate: 0.006 N, con-

centration of potassium nitrate: 0.003 N) and subjected
to ion exchange treatment at room temperature for 2
hours. Subsequently, the resultant dispersion is fil-

'tered to collect the zeolite, and the collected zeolite

25 is washed with water and dried at 120 °C for 5 hours,



hours under conditions wherein the tenperature is 650 10 C, the flow rate
of. steamis 27.6 g/hr and the flow rate of nitrogen gas is 140 Ncc/ mn..

The amount of protons in Catalyst D after steam ng, which is nmeasured by
‘the liquid phase ion exchange/filtrate titration nethod, is 0.002 nmol/g.
1.75 g of Catalyst D after 15 steaming is charged into the reactor having
an inner diameter of 16 nm-. The conversiorP&eaction is con- ducted using
1-butene as a feedstock material under conditions wherein the reaction

tenperature is 6601 LowedhByapausingtidnbuhenerchar ged PAL OcfhdLebaghor is
17.8 20 g/ hr (WHSV=10.2 hr-1) and the pressure is atnospheric pressure.

The reaction gastainB@gnCatatgsafber The Agtesitait | e deedemg oat he
feedstock naterial is ana- |yzed. The results are shown in Table 8. 25
Exanple 7 57 3 PO Ba20(Kp00npdarerasicantngptaiyatell aneEneaanpkd byi s
charged into a Hastelloy C reactor having an inner diameter of 17 nm-. The
conversi on reactfbiop¢seentaXrnbyi anady8iss Chinelukd econisémiy 161e0 G § by
raffinate-2 as 5 used in Exanple 1 as a feedstock material under condi-

ti ons whebein t HLIHRakti Fhe dnpantiente is GOD? Q)Y tveighoufheof the C4
raffinate-2 charged.into %ﬁe reaitor is 48.8 g/hr (WHSV=16.3 hr-1) and the
pressure is 1 V220820 BaLeF ohafde 4F 803f7 AufddOapBer 4@ Of

Catalyst D is charged into a quartz glass reactor hav-
ing an inner diameter of 16 mm$, and steamed for 5
hours under conditions wherein the temperature is 650

10 °C, the flow rate of steam is 27.6 g/hr and the flow
rate of nitrogen gas is 140 Ncc/min.  The amount of
protons in Catalyst D after steaming, which is measured
by the liquid phase ion exchange/filtrate titration
method, is 0.002 mmol/g. 1.75 g of Catalyst D after

15 steaming is charged into the reactor having an inner
diameter of 16 mm$¢. The conversion reaction is con-
ducted using l-butene as a feedstock material under
conditions wherein the reaction temperature is 600 °C,
the amount of l-butene charged into the reactor is 17.8

20 g/hr (WHSV=10.2 hr'l) and the pressure is atmospheric
pressure. The reaction gas at 30 minutes after the
start of the feeding of the feedstock material is ana-

lyzed. The results are shown in Table 8.

25 Example 7




10 start of the feeding of the feedstock material is ana- |yzed. The
results are shown in Table 8. Exanple 8 The conversion reaction of a 4
raffinate-2 is 15 conducted under substantially the same conditions as in
Exanpl e 7, except that the feed rate of the C4 raffi- nate-2 is 321.8 g/hr
(WHSV=107 hr-1) and the reaction pressure is 5 kg/cn2-G The results are
shown in Table 8. 20 Table 8 shows that in ©fe present invention, the
reaction conditions can be wi dely varied, depending on the types of the

feedstock materi al amgl gad@lgstaryat pt oyt e 5s @ ) %ad8uded D Kot al yst
A (after steamng) as used in Ex- anple 2 is diluted with 0.5 g of

pul veri zed Rasclample ifhgbs (cinaleged potoeh aliagt@bllog har geact ot chavijngram
gl ass reactor having an inner dianmeter of 16 nm-. The 5 conversion reaction
i s conduct ed usiitther Midmeeeofof-1bunahe aTht Ldhviearsd cas redotddsi @ik a
material, and the reaction gas at 30 mnutes after the start of the feed-
ing of the feedodiefisiritat2isspandveted Taelrgathe-Conradhgnatend and
results are shown in Table 9. 10
5 used in Example 1 as a feedstock material under condi-
tions wherein the reaction temperature is 600° C, the
amount of the C4 raffinate-2 charged into the reactor
is 48.8 g/hr (WHSV=16.3 hr-l) and the pressure is 1
kg/cm2-G. The reaction gas at. 30 minutes after the
10 start of the feeding of the feedstock material is ana-

lyzed. The results are shown in Table 8.

Example 8

The conversion reaction of a C4 raffinate-2 is
15 conducted under substantially the same conditions as in
Example 7, except that the feed rate of the C4 raffi-
nate-2 is 321.8 g/hr (WHSV=107 hr-l) and the reaction

pressure is 5 kg/cmz-G. The results are shown in Table

8.

20 Table 8 shows that in the present invention, the
reaction conditions can be widely varied, depending on
the types of the feedstock material and catalyst em-

ployed.

25 Example 9



Exanple 10 1.5 g of Catalyst A (after steaming) as used in Exanple 2 is
charged into a quartz glass reactor having an inner dianeter of 16 nm-.
The conversion reaction 15 is conducted using cycl opentane as a feedstock
"material under conditions wherein the reaction tenperature is 594 C, the
anount of cycl opentane charged into the re- actor is 54.9 g/hr and the
pressure is atnospheric pressure. The reacti8on gas at 30 minutes after the
20 start of the feeding of the feedstock material is ana- |yzed. The yields
(% by weight) at 30 ni rytes cdtL£lyst h® caftédr 0ObtdARiRGRCAS Ol 8d €iRSEX-

foll ows. Hydrogen + nethane: 0.5 % Ethylene: 12.6 % 25 Ethane: 0.3 % 59
5 Propyl ene: 20.dmpie P opaingiluBdd Butknesslyd. 580 pBurenese8. R¥schdgC8 PNO.
49.7 % C6-C8 A 2.1 % and Cg+: 0.2 % Exanple 11 10 A H+ form ZSM 5
zeol i te extrudateifgonireade ngf 40ofcelain) and charged into a quartz

glass reactor having an inner diameter of 16 mm$. The
5 conversion reaction is conducted using a mixture of n-
butane and l-butene as a feedstock material, and the
reaction gas at 30 minutes after the start of the feed-
ing of the feedstock material is analyzed. The reacti-
on conditions and results are shown in Table 9.
10

Example 10

1.5 g of Catalyst A (after steaming) as used in
Example 2 is charged into a quartz glass reactor having
an inner diameter of 16 mm¢. The conversion reaction
15 is conducted using cyclopentane as a feedstock material
under conditions wherein the reaction temperature is
594 °C, the amount of cyclopentane charged into the re-
actor is 54.9 g/hr and the pressure is atmospheric
pressure. The reaction gas at 30 minutes after the
20 start of the feeding of the feedstock material is ana-
lyzed. The yields (% by weight) at 30 minutes after
the start of the reaction are as follows.
Hydrogen + methane: 0.5 %,
Ethylene: 12.6 %,

25 Ethane: 0.3 %,




by. wei ght of Si Q2 binder, 1.6 mm-, purchased from Ni kki-Universal Co.

Ltd., Japan), wherein the zeolite of the extrudate has a Si 02/ A1203 nol ar
ratio of 300, is dispersed in a 1 N aqueous sodiumnitrate solution 15 (10
cc/g-zeolite) and subjected to ion exchange treat- nment at roomtenperature
for 1 hour. This ion exchange treatnent is repeated thrice. Subsequently,
the resul- tant dispersionis filtered to c@9ect the zeolite, and the
col | ected zeolite is washed with water and dried, 20 thereby obtaining an
Na+ form ZSM 5/ Si Q2. Hhepebénenedo.ZSW 5/ Si 2 is dispersed in a 0.002 N
aqueous silver ni- trate solution (10 cc/g-zeolite extrudate) and subject-
ed to ion exchange treespainé: al.so®m tenperature for 2 hours.

Subsequently, the resultant dispersion is fil 25 tered to collect the

ZSM 5/ S102, and the cBhtenesd Z3M6®, 5/SiO2 is washed with water and
dried, thereby obtain- ing Catalyst E. The Ag content and Ag20/ Na20O nol ar
ra- tio of Catal yst BBatanesasOrédiby fluorescent X-ray analysis. The Ag
content is 0.1 % by weight. The Ag20 5 /Na20 nolar ratio is 0.09/0.91.

Catal yst E is char geoCST(ﬁsoPl?iOQU&th 8t ass reactor having an inner dianeter
of 16 mm-, and subjected to steamng for 5 hours under conditions wherein
the tenperature is 6 C‘,“'Bt%é ftdwA - rard of steamis 27.6 g/ hr and the flow
rate of nitro- 10 gencgc;9§ 6321%40 Ncc/ min.

Example 11

10 A H* form ZSM-5 zeolite extrudate (containing 40 $%

by weight of SiO; binder, 1.6 mm¢, purchased from
Nikki-Universal Co. Ltd., Japan), wherein the zeolite
of the extrudate has a Si0O,/Al;03 molar ratio of 300,
is dispersed in a 1 N aqueous sodium nitrate solution
15 (10 cc/g-zeolite) and subjected to ion exchange treat-
ment at room temperature for 1 hour. This ion exchange
treatment is repeated thrice. Subsequently, the resul-
tant dispersion is filtered to collect the zeolite, and
the collected zeolite is washed with water and dried,
20 thereby obtaining an Na* form ZSM-5/SiO;. The obtained
ZSM-5/5i10, is dispersed in a 0.002 N aqueous silver ni-
trate solution (10 cc/g-zeolite extrudate) and subject-
ed to ion exchange treatment at room temperature for 2

hours. Subsequently, the resultant dispersion is fil-

25 tered to collect the ZSM-5/SiO;, and the collected ZSM-



The amount of protons in Catalyst E after steamng is neasured by the

| i.qguid phase ion exchange/filtrate titration nmethod, and found to be 0.003
mmol/g. 10 g of Catalyst E after steamng is charged into a Hastel 15 by C
reactor. having an inner dianeter of 17 mm¥#¥. The conversion reaction of a
C4 raffinate-2 is conducted using the C4 raffinate-2 as used in Exanple 1
as a feedstock material under conditions wh&ein the reac- tion
tenperature is 580 C, the anmount of the C4 raffi 20 nate-2 charged into the
reactor is 147 ghhWBiQYHS¥=Washedhmwith aaderhend dsdede itheZeby om@@inFhe
results are shown in Table 10. Conparative Exanple 5 25 The H+ form ZSM 5
zeol ite extrudat dngsCatedysit Ex 6ThanppecontenheardnAghe/Naeghi melaf rhe
extrudate has a Si02/A1203 nolar ratio of 300, is subjected to steam ng
under substanti akip plieCatmdystndi irenmeasunedEbymillemorkbcenite Xelray
obt ai ni ng Conparative Catal¥st C. 12 g of 5 Conparative Catalyst C is
charged into a HABEA¥F&Y-C ?%a€90F0h59Fﬁglﬁn°rhnérbﬂlHﬁ%QBF of They Agef The
con- ver3|on reazélon of _a inate-2 is conducted using, the C4
raffinate®2 as u 82an8}éﬁpF€ti°a§Sa°f@@d@t@ék fatatysar Enaérceéﬁaﬁﬂlons
wherein the reaction tenpera 10 ture is 580 C, the amobunt of the C4
raffinate-2 chaiBE8 PnEYarkeE BdasSorerster7 hgving MRASHRDEGTs diampter of

16 mm¢, and subjected to steaming for 5 hours under

conditions wherein the temperature is 650 °C, the flow

raté of steam is 27.6 g/hr and the flow rate of nitro-
10 gen gas is 140 Ncc/min.

The amount of protons in Catalyst E after steaming
is measured by the liquid phase ion exchange/filtrate
titration method, and found to be 0.003 mmol/g. 10 g
of Catalyst E after steaming is charged into a Hastel-

15 loy C reactor having an inner diameter of 17 mm$é. The

conversion reaction of a C4 raffinate-2 is conducted
using the C4 raffinate-2 as used in Example 1 as a
feedstock material under conditions wherein the reac-
tion temperature is 580 °C, the amount of the C4 raffi-
20 nate-2 charged into the reactor is 147 g/hr (WHSV=14.7

hr‘l) and the pressure is 2 kg/cmz-G. The results are

shown in Table 10.

Comparative Example 5

25 The H* form ZSM-5 zeolite extrudate as used in Ex-



and the pressure is 2 kg/cn2G The results are shown in Table 10. Table 10
clearly shows that the anount of the coke 15 generated during the reaction
performed by the nmethod of the present invention using Catalyst Eis
small, .as conpared to the amount of the coke generated during the

reaction performed using Conparative Catalyst. C, and that the change in
yields of the |ower olefins with the 20 I ap of tinme with respect to the
reaction using Cata- lyst Eis small, as conpared to that with respect to

t he reacti on usiagpBenpir avherelat fhgste@litExafipithel2x2Fudate hasmaZSM 5
zeolite extrudate, (containing 30 % 62 by weight of SiQ2 binder, 1.6 m4,
purchased from RiIRx/ALaPeePaprcEatipdof 3f8Pan)s wHbdertedh&ozsseamangof
the extrudate has a S102/ A1203 nolar ratio of 300, is dispersed in a 1IN
aqueous sodi um nPREQ¥ esybstanshallyl1bhecsgmeecbhddriand esbjincEsdmpde

i on-exchange treat- nent at roomtenperature for 1 hour. This ion-exchange
treatnent is repbht cbPeRPRE. OBLBiR4RENEPPPArREIVESGREALYAL 6 spel3i9mrfs
filtered éo collgct t he zeol%tg, and the collected zeolite is washed with
wat er anddri ed, “YBPRTRFERS BBEAI¥FhgCaniRashrEPRAZERES/ 31825 t¢hdoBhEai ned
ZSM5/S102 is dispersed jn a 0.001 N agueous silver ni- trate solution (10
cc/g-zeolite extTTRRLRY %ﬂﬁlgﬁbfﬁc%nne diameter of 17 mm¢. The con-

version reaction of a C4 raffinate-2 is conducted using
the C4 raffinate-2 as used in Example 1 as a feedstock
material under conditions wherein the reaction tempera-
10 ture is 580 °C, the amount of the C4 raffinate-2
charged into the reactor is 127 g/hr (WHSV=10.6 hr-1)
and the pressure is 2 kg/cm2-G. The results are shown
in Table 10.
Table 10 clearly shows that the amount of the coke
15 generated during the reaction performed by the method
of the present invention using Catalyst E is small, as
compared to the amount of the coke generated during the
reaction performed using Comparative Catalyst C’, and
that the change in yields of the lower olefins with the
20 lapse of time with respect to the reaction using Cata-
lyst E is small, as compared to that with respect to

the reaction using Comparative Catalyst C'.

Example 12

25 A H* form ZSM-5 zeolite extrudate (containing 30 %



ed.to ion exchange treatnent at roomtenperature for 2 hours.

Subsequently, the resultant dispersionis fil 15 tered to collect the
ZSM 5/ Si @2, and the collected ZSM 5/Si Q2 is washed with water and dried,

t hereby. obtain- ing Catalyst F. The Ag content and Ag20/ Na20 nolar ra- tio
of Catalyst F are measured by fluorescent X-ray analysis. The Ag content
is 0.06 %by weight. The 20 Ag20 / Na20 nol aré4atio is 0.05/0.95. Catalyst F
is charged into a quartz glass reactor having an inner dianmeter of 16
nm-, and subj ected weigheasiEngibgr bindbeyr 3 .¥naaGp, CpAdchaeBa whemei n the
tenperature is 650 C, the flowrate of steamis 27.6 g/hr and the flow 25
rate of nitrogenNgkkiioni¢@rhac/ gon. L.6€d.Thgapanynt wakrpiot @he izeofatal yst F
after steaming is neasured by the liquid phase ion exchange/filtrate
titrati on net hodefahbef eghdutiatbeh@s0@3Sifpl/Ad030mglanf ra&hial pEt 360af t er
steaming is charged into a Hastel 5 oy C reactor having an inner dianeter
of 27 mm-. The isgadisparsedcandacilidaqueong sbdiGh naftfriatat sc2uadionsed in
Exanple 1 as a feedstock material, for 24 hours un- der conditions wherein
the reactbon tenptPacare-reokdte)Oandt subdpotetd &b tihe-€ichahbenireal-
charged is 240 10 g/ hr (WHSV=8 hr-1) and the reaction pressure is 2

kg/ cnR- G After Benpl eti BAOHf temperaiurieofort Aehorura- ThHis iepeexchanos

operation is conducted under the fol-
treatment is repeated twice. Subsequently, the resul-

tant dispersion is filtered to collect the zeolite, and
the collected zeolite is washed with water and dried,

10 thereby obtaining an Na* form ZSM-5/SiO;. The obtained
ZSM-5/8i0y is dispersed in a 0.001 N aqueous silver ni-
trate solution (10 cc/g-zeolite extrudate) and subject-
ed to ion exchange treatment at room temperature for 2
hours. Subsequently, the resultant dispersion is fil-

15 tered to collect the ZSM-5/5i05, and the collected ZSM-
5/8105 is washed with water and dried, thereby obtain-
ing Catalyst F. The Ag content and Ag;0/Naj0 molar ra-
tio of Catalyst F are measured by fluorescent X-ray
analysis. The Ag content is 0.06 % by weight. The

20 Ag;0 /Nay0 molar ratio is 0.05/0.95. Catalyst F is
charged into a quartz glass reactor having an inner
diameter of 16 mm¢, and subjected to steaming for 5
hours under conditions wherein the temperature is 650

°C, the flow rate of steam is 27.6 g/hr and the flow

25 rate of nitrogen gas is 140 Ncc/min.



| owi ng ‘condi tions:

Tenperature: from500 to 550 OC, 15 Pressure: 5

kglcnm2. G Flowrate of nitrogen gas + air: 1077 N /hr, Oxygen
concentration: 0.8 to 1.2 % by volunme, Flow rate of steam (added for
accelerating the re- generation deactivation of the catalyst): 26 g/hr,
and Tinme for regeneration: 20 hours. The cycle including the

above- mentioned reaction step (for 24 hours$3and regeneration step (for

20
20

hours) is repeated 18 tines. During the reaction step, 25 the reaction gas
i s anal yzed every 4 h@lyes amfhmtaweff pirbtages vial Watdflyde Bist e idtddifing
24- hour reaction steps according to the nunber of cycles are shown in

Table 11. Tabl e 181 mglasmned dhoviehe haitquitk phadalsiad dxoeangd ofiNsrates e

extrenely stabl e,

even if the reaction/regeneration 5 cycle is repeatedly

performed. Exanpltétratijen ashhadi and dmtidrtofba CORfincbie- 2 30s g

conducted under substantially the same conditions as in
§ & afdied ateaming sits tdhanuad eintyd 4 Hiastelct or

exchanger, and introduced into a flash drum for gas-

resul tant reacti &
by neans of a heat

|i qui d separ at i ohO¥ feFERF W fating ap |inpenl dirasmter of 27 mm. The

reaction is conducted, using the C4 raffinate-2 as used

in Example 1 as a feedstock material, for 24 hours un-

der conditions wherein the reaction temperature is 580

°C, the amount of the C4 raffinate-2 charged is 240

10 g/hr (WHSV=8 hr-l) and the reaction pressure is 2

kg/cm2-G. After completion of the reaction, the cata-

lyst regeneration operation is conducted under the fol-

lowing conditions:

15

20

Temperature: from 500 to 550 °C,

Pressure: 5 kg/cm2-G,

Flow rate of nitrogen gas + air: 1077 Nl/hr,
Oxygen concentration: 0.8 to 1.2 % by volume,

Flow rate of steam (added for accelerating the re-
generation deactivation of the catalyst): 26 g/hr,
and

Time for regeneration: 20 hours.

The cycle including the above-mentioned reaction

step (for 24 hours) and regeneration step (for 20

hours) is repeated 18 times. During the reaction step,

25 the reaction gas is analyzed every 4 hours. The aver-

10 Exanple 8. The



gas. The separated liquid is charged into a distilla 15 tion col um and
subjected to distillation, thereby separating a C5-C6 fraction. The
separated C5-C6 frac- tion is recycled to the reactor. After the conditions
"for the catalytic conversion reaction are stabilized, the anbunt of the C4
raffinate-2 charged into the reac 20 tor and the amount of the C5 - C6
fraction recycled to the reactor are 260.364/ hr and 61.5 g/ hr,
respectively. The yields (% by weight) based on the anmount of the C4
raffinate-2 are @fe falwasof Hylté Ogealds neh hene: 24-Holer rdactisyl steps7.2 %
65 5 Ethane: 0.9 % Propylene: 26.4 % Propane: 2.5 % Butenes: 28.6 %
But anes: 21.8 %acddrdthdNd ©thé famkér GBf Acydlds Yaranshowy+inlTable 11.
Conpari son of the above-nentioned results with the 10 results in Exanple 8
clearly shows tiedbXdelyi@lasrby shows| thet vhefyinsladseof npowerdobgfins
performng the recy- cling of the C5 - C6 fraction.

are extremely stable, even if the reaction/regeneration

5 cycle is repeatedly performed.

Example 13

The conversion reaction of a Cy4y-raffinate-2 is
conducted under substantially the same conditions as in
10 Example 8. The resultant reaction product is cooled to
10 °C at the outlet of the reactor by means of a heat
exchanger, and introduced into a flash drum for gas-
liquid separation, thereby separating a liquid from a
gas. The separated liquid is charged into a distilla-

15 tion column and subjected to distillation, thereby

separating a Cg-Cg fraction. The separated Cg5-Cg frac-
tion is recycled to the reactor. After the conditions

for the catalytic conversion reaction are stabilized,

the amount of the C4 raffinate-2 charged into the reac-
20 tor and the amount of the Cg - Cg fraction recycled to
the reactor are 260.3 g/hr and 61.5 g/hr, respectively.
The yields (% by weight) based on the amount of the C4
raffinate-2 are as follows.
Hydrogen + methane: 1.4 %,

25 Ethylene: 7.2 %,




Exanple 14 15 The catal ytic conversion reaction of a C4 raffi- nate-2 is
conduct ed under substantially the sane condi- tions as in Exanple 2, exc
that the reaction tem perature is 600 C and the WHSV is 30 hr-1. The
"resul - tant reaction product discharged fromthe outlet of the 20 reactor
is charged into a separation tower. The Conpo- nents having a boiling po
| oner than propane are separated and renov®8, and the remmining fractio
hav- ing a high boiling point is subjected to steamcracking. That is,
above- nenti oned fractRttmakewimge az hi gh 25 boiling point is mxed with st
(weight ratio of 66 steamto hydrocarbon (steanf hydrocarbon) =0.35), an
the resul tant m xtur excpyleateatzél. 4 0¥ 5600 C, charged into a thernal

cracki ng coi

residence tine in 5 thmopané: i3.9.%, second and the cracking tenperature
(the tenperature at the outlet of the coil) is 796 C. The yields in the
total process are shd@uteénmesgah2&®.42%, Conparative Exanple 6 10 A C4
raffinate-2 is subjected to steamcracking by the follow ng procedure.
C4 raffirmate-2 is m@tangsh 3t edin¥ (weight ratio of steamto hydrocarbon
(st eani hydrocarbon) =0.35), and the resultant m xture 1is preheated to 6
C, charged into a thérmets ki ngl *-

10

15

20

25

Cg-Cg A: 4.7 %, and

Cg+: 1.5 %.

Comparison of the above-mentioned results with the
results in Example 8 clearly shows that the yields of

the lower olefins are improved by performing the recy-

cling of the Cg - Cg fraction.

Example 14

The catalytic conversion reaction of a C4 raffi-
nate-2 is conducted under substantially the same condi-
tions as in Example 2, except that the reaction tem-
perature is 600 °C and the WHSV is 30 hr-l. The resul-
tant reaction product discharged from the outlet of the
reactor is charged into a separation tower. The Compo-
nents having a boiling point lower than propane are
separated and removed, and the remaining fraction hav-
ing a high boiling point is subjected to steam cracking.
That is, the above-mentioned fraction having a high

boiling point is mixed with steam (weight ratio of

ept

i nt

n

t he
eam
d

and subjected to steam cracking under conditions wherein the

A
00



15 coil and subjected to steam cracking under conditions wherein the
residence tinme in the coil is 0.6 second and the cracking tenperature (the
tenperature at the outlet of the coil) is 802 C. The results are shown in
"Table 12. 20 Table 12 clearly shows that the yields of propyl- ene and

et hyl ene are extrenely increased by conbining the catalytic-conversion and
the thermal cracking. Exanple 15 25 A Na+ fé%nleN15 zeolite having a

Si 02/ A1203 nol ar 67 ratio of 3,000 is dispersed in a 0.05 N aqueous silver
nitrate sol uti orst{eld ciod chydondcaedonns sedmtoyétdotarbon) edcBahgeandeat nent
at roomtenperature for 2 hours. Subsequently, the resultant dispersion is
filtered to 5 citid esdsibheaneahikxeuranilst beehebtedt td Geol ¢ e dmargmthed
with water and dried at 120 C for 5 hours, fol- lowed by calcination in air
at 550 C, therebyntubtai thermgl Caracking To¥heand sabjeatednto AgReaANa20
molar ra- tio of Catalyst G are neasured by fluorescent X-ray 10 anal ysis.
The Ag content ieracking pnder gpendihtonageerplo HaearesiebCestdmesin. 17.
4 g of Catalyst G is charged into a quartz glass reactor having an inner

di aneter ®f 16 n¥he bl sieafetl $8FOB h@ﬁﬁistgﬁdera%hngdF?iﬂBﬂga Efein the

tenperature is 650 C, the flow 15 rate of steamis 27.6 g/hr and the flow
rate of nitro- (the temperature at the outlet of the coil) is 796 °C.

The yields in the total process are shown in Table 12.

Comparative Example 6

10 A C4 raffinate-2 is subjected to steam cracking by
the following procedure. A C4 raffinate—z is mixed
with steam (weight ratio of steém to hydrocarbon
(steam/hydrocarbon) =0.35), and the resultant mixture
is preheated to 600 °C, charged into a thermal cracking

15 coil and subjected to steam cracking under conditions
wherein the residence time in the coil is 0.6 second
and the cracking temperature (the temperature at the
outlet of the coil) is 802 °C. The results are shown
in Table 12.

20 Table 12 clearly shows that the yields of propyl-
ene and ethylene are extremely increased by combining

the catalytic conversion ‘and the thermal cracking.

Example 15

25 A Na‘* form ZSM-5 zeolite having a SiO3/Al303 molar



gen gas is 140 Ncc/mn. The anpbunt of protons in Cata- |yst G after

steam ng, which is neasured by the liquid phase ion exchange/filtrate
titration nethod, is 0.002 mmol/g. 2.5 g of Catalyst G after steamng is
"charged 20 into a quartz glass reactor having an inner dianeter of 16 nm-.
The conversion reaction of a C4 raffinate-2 is conducted under
substantially the sane conditions as in Ex&¥le 1, except that the
reaction time is 24 hours. The results are shown in Table 13. 25 68

Conparative Exanple;d £f“§+06@rﬂbz§@§§e%§8h'iﬁ Qadlﬁg R 24086442681 yBEar

ratio of 5,500 i's dispersed in a O. N aqueous silver nitrate solution

(10 cc/g- ZeO'ltEﬁiﬁwﬁkéugbﬁﬁtﬁdnt@1008c/§ gx6NpRE® hheatiBAEcebdr €6Mion
tenperature for 2 hours. Subsequently, e resultant dispersionis filtered

to collect the ggomahge BPathe@neohteebesl Zempetetiuse waghedhvuib.wat er
and dried at 120 C for 5 hours, fol- lowed by calcination in air at 550 C

t hereby obtain 1fubhsgg@enpayat the CatalyahtDdispbesfgncast enfltandd to
Ag20/ Na20 nol ar ratio of Conparative Catalyst D are neasured by
fluorescent X-rayobhetystke ZbhelAgecoahdnthei soll86t&dbyendiyht isThe
Ag20/ Na20 nol ar ratio is 0.77/0.23. 4 g of Conparative Catalyst D is
charged 15 into waspedtwighawateraahdr dnaedngtah2dnf@rfalr sSreheursf fol-
lowed by calcination in air at 550 °C, thereby obtain-
ing Catalyst G. The Ag content and Ag;0/Naj0 molar ra-
tio of Catalyst G are measured by fluorescent X-ray
10 analysis. The Ag content is 0.1 % by weight. The
Ag,0/Naj0 molar ratio is 0.83/0.17. 4 g of Catalyst G
is charged into a quartz glass reactor having an inner
diameter of 16 mm¢, and steamed for 5 hours under con-
ditions wherein the temperature is 650 °C, the flow
15 rate of steam is 27.6 g/hr and the flow rate of nitro-
gen gas is.140 Ncc/min. The amount of protons in Cata-
lyst G after steaming, which is measured by the liquid
phase ion exchange/filtrate titration method, is 0.002
mmol/g. 2.5 g of Catalyst G after steaming-is charged
20 into a quartz glass reactor having an inner diameter of
16 mm¢. The conversion reaction of a C4 :affinate—z is
conducted under substantially the same conditions as in
Example 1; except that the reactibn time is 24 hours.

The results are shown in Table 13.

25



16. m¥, and steaned for 5 hours under conditions where- in the tenperature
Is 650 C, the flowrate of steamis 27.6 g/hr and the flow rate of
nitrogen gas is 140 Ncc/mn. The anount of protons in Conparative Catal yst
‘20 D after steaming, which is nmeasured by the liquid phase ion
exchange/filtrate titration nmethod, is 0.002 mmol/g. 2.5 g of Conparative
Catalyst D after steam ing is charged int®8 quartz glass reactor having
an inner dianeter of 16 nmd. The conversion reaction of a 25 C4
raffinate-2 i s confibietLdivedekasphstantially the 69 same conditions as in
Exanpl e 15. The results are shown 1 n Table 13. Exanple 16 5 1.0g of
catalyst A (after stemmiay)fosmussd-5nzé&siiaephavingsadsio AlyOsmlarg of
pul veri zed Raschig rings (nade of porcelain) and charged into a quartz

gl ass reactor havatioaofi Bpeoodiamdispepsedbinma. 0ThE Noageesusnsidueri on
I's conducted using a C5 10 raffinate (obtained froma thermal cracking
product of naphibbyats solettflsho(kOnmatégrakolindel enddstibgastedht&oeiant he
anount of the C5 raffinate charged into the reactor is 46.7 g/hr, the
reaction $enper a¢xchkange 600eatnentl aherppmstampersturapfpheri bopressure.

The com 15 position (% by weight) of the C5 raffinate is as fol- | ows.
Subsequently, the resultant dispersion is filtered to

collect the zeolite, and the collected zeolite is

washed with water and dried at 120 °C for 5 hours, fol-

lowed by calcination in air at 550 °C, thereby obtain-
10 ing Comparative Catalyst D'. The Ag content and

Ag,;0/Na0 molar ratio of Comparative Catalyst D' are

measured by fluorescent X-ray analysis. The Ag content
is 0.05 % by weight. The Ag;0/Naj0 molar ratio is
0.77/0.23. 4 g of Comparative Catalyst D' is charged
15 into a quartz glass reactor having an inner diameter of
16 mm$¢, and steamed for 5 hours under conditions where-
in the temperature is 650 °C, the flow rate of steam is
27.6 g/hr and the flow rate of nitrogen gas is 140
Ncc/min. The amount of protons in Comparative Catalyst
20 D' after steaming, which is measured by the liquid
phase ion exchange/filtrate titration method, is 0.002
mmol/g. 2.5 g of Comparative Catalyst D' after steam-
ing is charged into a quartz glass reactor having an

inner diameter of 16 mm$¢. The conversion reaction of a

25 C4 raffinate-2 is conducted under substantially the



20. Butenes: 0.4, Butadiene: 0.2, |Isopentane: 29.3, n-pentane: 47.5,
Pentenes: 22.3, Cyclopentane: 0.1, Cyclopentadiene: 0.2 25 The reaction
gas at 30 mnutes after the start of 70 5 10 the feeding of the feedstock
‘material is analyzed. The vyields at 30 minutes after the start of the
feeding of the feedstock material are as follows. Hydrogen + nethane: 1.4,
Et hylene: 7.1, Ethane: 1.6, Propylene: 12. 99 Propane: 0.8, Butenes: 6.9,
But anes: 0.2, Pentene: 3.4, Pentane: 62.4, C6-C8 PNO 1.2, C6-C8 A
2.2% and same conditions as in Example 15. The results are

shown in Table 13.

Example 16

5 1.0g of catalyst A (after steaming) as used in Ex-
ample 2 is diluted with 0.5 g of pulverized Raschig
rings (made of porcelain) and charged into a quartz

glass reactor having an inner diameter of 16 mm¢.

The conversion reaction is conducted using a Cj

10 raffinate (obtained from a thermal cracking product of
naphtha) as a feedstock material under conditions
wherein the amount of the Cy raffinate charged into the
reactor is 46.7 g/hr, the reaction temperature is 600

°C and the pressure is atmospheric pressure. The com-

15 position (% by weight) of the Cg raffinate is as fol-
lows.
Butenes: 0.4,
Butadiene: 0.2,
Isopentane: 29.3,
20 n-pentane: 47.5,
Pentenes: 22.3,
Cyclopentane: 0.1,

Cyclopentadiene: 0.2

25 The reaction gas at 30 minutes after the start of



15 C9+ 0.1. Further, the (ethylene + propylene)/(hydrogen + nmethane) nolar
ratio is 4.1. 20 Conparative Exanple 8 1 g of Catalyst A (after steam ng)

as used in Ex- anple 2 is diluted with 0.5 g of pulverized Raschig rings

“(made of porcelain) and charged into a quartz glass reactor having an

i nner dianeter of 16 mm-. The 25 conversion reaction is conducted using a
m xture of n 71 butane and 1-butene (1-buted® content: 15.0 % by weight)

as a feedstock material, and the reaction gas at 30 mnutes after the

start of the feeghdldr@daihg of celst pekasBbEKi Rhtbeianal¥zafalyhedl eamid on
condi 5 tions and results are shown in Table 14. 72 Table 1 (The

conposi tion of Ghdardsiaetee 2m{ffabysWafier Conposeatfoocetheate@aingo by W . )
Acetyl ene0.1 Propyl ene0. 3 Propane0. 2 Butadi enel.1 Butenes77.1 Butanesl19.7
Pent enes0. 3 the feedstock material are as follows.
Hydrogen + methane: 1.4,
5 Ethylene: 7.1,
Ethane: 1.6,
Propylene: 12.7
Propane: 0.8,
Butenes: 6.9,
10 Butanes: 0.2,
Pentene: 3.4,
Pentane: 62.4,
Cg-Cg PNO: 1.2,
Cg-Cg A: 2.2%, and

15 Co+ 0.1.

Further, the (ethylene + propylene)/(hydrogen +

methane) molar ratio is 4.1.

20 Comparative Example 8

1 g of Catalyst A (after steaming) as used in Ex-
ample 2 is diluted with 0.5 g of pulverized Raschig
rings (made of porcelain) and charged into a quartz

glass reactor having an inner diameter of 16 mm¢. The

25 conversion reaction is conducted using a mixture of n-



Pent anes0. 9 Cctenes0.3 Total 100 73 Table 2 (Exanple 1) Catal ystCatal yst A
Reaction conditionsC4 raffinate-2 (600C, WHSV = 41.7 hr-1) Time on streans
(hr)0.5102548 Yield (% by w.) Hydrogen + nethanel. 10.90. 60.5
Et hyl enel0. 68. 77. 04. 5 Et hane0. 50. 50. 20. 2 Propyl ene30. 029. 027. 321.5
Propanel. 71. 31. 00. 5 But enes20. 824. 328. 537. 9 But anes21. 421. 621. 821.5 C5-C8
PNO*9. 210. 010. 711. 6 C6-C8 A**4.43.52.71.7 cI+ hydr ocar bons0. 30. 20. 20. 1
Et hyl ene + propyl ened40. 637. 734. 326. 0 (Et hyl ene + propyl ene) /(hydrogen +
met hane) 8. 610. 11BuBdde Sand| arbutene {1lCcbu€Bnaoneoatenhti ¢5hPdrkobdr bons. **
C6- C8 aromati c hydrocarbons. 74

weight) as a feedstock material, and the reaction gas

at 30 minutes after the start of the feeding of the
feedstock material is analyzed. The reaction condi-

5 tions and results are shown in Table 14.




Tabl e 3 (Conparative Exanple 1) Catal ystH+ ZSM5 Reaction conditi onsC4
raffinate-2 (600C, WHSV = 41.7 hr-1) Tinme on streans (hr)0.51020.524 Yield
(% by wt.) Hydrogen + nethane0. 80.70.30.3 Et hyl ene8. 76.73.12.1

Et haneO. 30. 30. 10. 1 Propyl ene28. 426. 518. 314. 7 Propanel. 51. 30.70.6

But enes26. 329. 043. 349. 5 Butane521.222.021.7%é.5 C5-C8 PNO*8. 710.511. 010.1
C6-C8 A**3.92.91.41.0 C9+ hydrocarbonsO0. 20. 10. 10. 1 Et hyl ene +

propyl ene37. 133. 221. 416. 8 (Ethyl ene + propyl ene) /(hydrogen +

met hane) 11. 412. 215. 915. 8 nol ar rati oridpbEs- €8 non-aromati ¢ hydrocarbons. **
C6- C8 aromati c hydrocarbons. 75 Table 4 (Exanple 2) Catal ystSteaned

Cat al yst A React i(@hec eoiposdrision off fGnatafinagroc WHDY #1375 hr-1) Time
on streans (hr)0.5102548

Component Concentration (% by wt.)
Acetylene 0.1
Propylene 0.3
Propane 0.2
Butadiene 1.1
Butenes 77.1
Butanes 19.7
Pentenes 0.3
Pentanes 0.9
Octenes 0.3
Total 100




Yield (% by wt.) Hydrogen + nethanel. 00. 80. 70. 6 Ethylenell. 610.29.27.9

Et haneO. 40. 40. 40. 4 Propyl ene29. 929. 829. 427.5 Propanel. 81.41.10.8

But enes19. 321. 924. 127. 8 But anes21. 821. 821. 821. 4 C5-C8 PNO*8. 89. 610. 011. 0
C6-C8 A**5.13.93.12.5 C9+ hydrocarbonsO0. 30. 20. 20. 1 Et hyl ene +

propyl ene4l. 540. 038. 635. 4 (Ethyl ene + propylene) /(hydrogen +

net hane) 8. 811. 914. 315. 3 nolar ratio * C5- C8 "Hon- ar onmat i ¢ hydr ocar bons. **
C6- C8 aronmti c hydrocarbons. 76 Table 5 (Exanple 3) Catal yst Steaned
Cat al yst B Reaction conditions@ébigfﬁipgﬁgﬁg £699 C, WHSV = 37.5 hr-1) Tinme
on streans (hr)0.5102024 Yield (%by w.) érogen + met hane0. 70. 60. 50. 5

Et hyl enell. 47. 76. 65. 6 Et hane0. 40. 30. 20. 2

Catalyst Catalyst A

Reaction conditions C4 raffinate-2 (600°C, WHSV = 41.7 hr'l)

Time on streams (hr) 0.5 10 25 48

Yield (% by wt.)
Hydrogen + methane 1.1 0.9 0.6 0.5
Ethylene 10.6 8.7 7.0 4.5
Ethane 0.5 0.5 0.2 0.2
Propylene 30.0 29.0 27.3 21.5
Propane 1.7 1.3 1.0 0.5
Butenes 20.8 24.3 28.5 37.9
Butanes 21.4 21.6 21.8 21.5
C5-Cg PNO* 9.2 10.0 10.7 11.6
Ce-Cg A¥** 4.4 3.5 2.7 1.7
Cg+ hydrocarbons 0.3 0.2 0.2 0.1
Ethylene + propylene 40.6 37.7 34.3 26.0

(Ethylene + propylene)

/(hydrogen + methane) 8.6 10.1- 13.8 14.5

molar ratio

* C5-Cg non-aromatic hydrocarbons.

*% Cg-Cg aromatic hydrocarbons.



Propyl ene31. 028. 226. 724. 7 Propanel. 90. 90. 70. 6 But enes19. 727.730.834.1

But anes20. 019. 819. 619.4 C5-C8 PNO*9.411.412.012.4 C6-C8 A**5.23.22.72.4 CO+
‘hydrocarbons0. 30. 20. 20. 1 Et hyl ene + propyl ene42. 435. 933. 330. 3 (Et hyl ene +
propyl ene) /(hydrogen + ethylene)12.412.614.715.2 nolar ratio * C5-C8
non-aromatic hydrocarbons. ** C6-C8 aromathg hydrocarbons. 77 Table 6
(Conmpar ative Exanple 3) Catal yst Steanmed Conparative Catal yst A' Reaction
conditronsC4 raffinate-2 (600C, WHSV = 41.7 hr-1) Tine on streans
(hr)0.5102024 Yield (% blabte)3 Hydompanativet haaef1801 50. 40. 2

Et hyl enel2. 75. 51. 50. 5 Et hane0. 60. 20. 10. 0 Propyl ene28. 924. 511.56.5
Propane2. 60. 80. 30. 2 Butenesl17. 331. 753. 363. 2 Butanes22. 622. 822. 422. 3

Catalyst H* ZSM-5

Reaction conditions C4 raffinate-2 (600°C, WHSV = 41.7 hr-1)

Time on streams (hr) 0.5 10 20.5 24

Yield (% by wt.)
Hydrogen + methane 0.8 0.7 0.3 0.3
Ethylene 8.7 6.7 3.1 2.1
Ethane 0.3 0.3 0.1 0.1
Propylene 28.4 26.5 18.3 14.7
Propane 1.5 1.3 0.7 0.6
Butenes 26.3 29.0 43.3 49.5
Butanes 21.2 22.0 21.7 21.5
C5-Cg PNO* 8.7 10.5 11.0 10.1
Ce-Cg A** 3.9 2.9 1.4 1.0
Cq+ hydrocarbons 0.2 0.1 0.1 0.1
Ethylene + propylene 37.1 33.2 21.4 16.8

(Ethylene + propylene)

/(hydrogen + methane) 11.4 12.2 15.9 15.8

molar ratio '

* C5-Cg non-aromatic hydrocarbons.

ok Cg-Cg aromatic hydrocarbons.



C5-C8 PNO*8.411.89.76.6 C6-C8 A**5.62.00.70.4 C9+ hydrocarbonsO0. 40. 20. 10. 1
Et hyl ene + propyl ene4l. 630.013. 07.0 (Ethyl ene + propyl ene) /(hydrogen +
met hane) 9. 314. 910.19.1 nolar ratio * C5-C8 non-aronati c hydrocarbons. **
C6- C8 aromati c hydrocarbons. 78 Table 7 (Conparative Exanple 4)

Cat al yst St eaned Conparative Catal yst B' Reaction conditionsC4 raffinate-2
(6000 C, WHSV = 17.7 hr-1) Tinme on streans (ﬁr)o 5102024 Yield (% by wt.)
Hydr ogen + net hane0. 80. 70. 50.5 Et hyl enell. 45. 21. 71. 1 Et hane0. 40. 20. 10. 1
Propyl ene29. 425. 01. 4. 19. 3 Prop@g§§eOQ.?ﬁxgﬁpﬁengene318 631. 849. 757. 8

But anes21.921.721.121.4 C5-C8 PNO*8.811.911.38.8 C6-C8 A**5.52.51.00.6 Co9+
hydr ocar bons0. 20. 20. 10. 1 Et hyl ene + propyl ene40. 830. 215. 810. 4

Catalyst Steamed Catalyst A
Reaction conditions C4 raffinate-2 (600°C, WHSV = 37.5 hr-1)
Time on streams (hr) 0.5 10 25 48
Yield (% by wt.)
Hydrogen + methane 1.0 0.8 0.7 0.6
Ethylene 11.6 10.2 9.2 7.9
Ethane 0.4 0.4 0.4 0.4
Propylene 29.9 29.8 29.4 27.5
Propane 1.8 1.4 1.1 0.8
Butenes 19.3 21.9 24.1 27.8
Butanes 21.8 21.8 21.8 21.4
Cg-Cg PNO* 8.8 9.6 10.0 11.0
Ce-Cg AX* 5.1 3.9 3.1 2.5
Cg+ hydrocarbons 0.3 0.2 0.2 0.1
Ethylene + propylene 41.5 40.0 38.6 35.4
(Ethylene + propylene)
/(hydrogen + methane) 8.8 11.9 14.3 15.3
molar ratio

* C5-Cg non-aromatic hydrocarbons.

*% Ce-Cg aromatic hydrocarbons.



(Et-hyl ene + propyl ene) /(hydrogen + nethane)9.210.29.16.8 nol ar

.--1NO1 N N N NN r-44 OM " I~

co N I\
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Table 5 (Example 3)

ratio *
C5-C8 non-aromati c hydrocarbons. ** C6-C8 aronmatic hydrocarbons. 79

OInNco CONNOGAV In 00 ON NOu') 4400 oHO Uy Ori r-I
cod I~ "W% m ONOYM 440

N . -i

O CY)

Catalyst Steamed Catalyst B

Reaction conditions C4 raffinate-2 (600°C, WHSV = 37.5 hr-1)

Time on streams (hr) 0.5 10 20 24

Yield (% by wt.)
Hydrogen + methane 0.7 0.6 0.5 0.5
Ethylene 11.4 7.7 6.6 5.6
Ethane 0.4 0.3 0.2 0.2
Propylene 31.0 28.2 26.7 24.7
Propane 1.9 0.9 0.7 0.6
Butenes 19.7 27.7 30.8 34.1
Butanes 20.0 19.8 19.6 19.4
C5-Cg PNO* 9.4 11.4 12.0 12.4
Ce-Cg A** 5.2 3.2 2.7 2.4
Cg+ hydrocarbons 0.3 0.2 0.2 0.1
Ethylene + propylene 42 .4 35.9 33.3 30.3

(Ethylene + propylene)

/(hydrogen + ethylene) 12.4 12.6 14.7 15.2

molar ratio

* C5-Cg non-aromatic hydrocarbons.

*% Ce-Cg aromatic hydrocarbons.
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Table 6 (Comparative Example 3)

Catalyst Steamed Comparative Catalyst A’
Reaction conditions C4q4 raffinate-2 (600°C, WHSV = 41.7 hr‘l)
Time on streams (hr) 0.5 10 20 24
Yield (% by wt.)
Hydrogen + methane 0.9 0.5 0.4 0.2
Ethylene 12.7 5.5 1.5 0.5
Ethane 0.6 0.2 0.1 0.0
Propylene 28.9 24.5 11.5 6.5
Propane 2.6 0.8 0.3 0.2
Butenes 17.3 31.7 53.3 63.2
Butanes 22.6 22.8 22.4 22.3
Cs-Cg PNO¥* 8.4 11.8 9.7 6.6
Ce-Cg A** 5.6 2.0 0.7 0.4
Cg+ hydrocarbons 0.4 0.2 0.1 0.1
Ethylene + propylene 41.6 30.0 13.0 7.0
(Ethylene + propylene)
/(hydrogen + methane) 9.3 14.9 10.1 9.1
molar ratio

* C5-Cg non-aromatic hydrocarbons.

* % Ce-Cg aromatic hydrocarbons.
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Table 7 (Comparative Example 4)

a) (n(nrO0to

Catalyst Steamed Comparative Catalyst B’

Reaction conditions C4 raffinate-2 (600°C, WHSV = 17.7 hr-1)

Time on streams (hr) 0.5 10 20 24

Yield (% by wt.)
Hydrogen + methane 0.8 0.7 0.5 0.5
Ethylene 11.4 5.2 1.7 1.1
Ethane 0.4 0.2 0.1 0.1
Propylene 29.4 25.0 14.1 9.3
Propane 3.0 0.8 0.4 0.3
Butenes 18.6 31.8 49.7 57.8
Butanes 21.9 21.7 21.1 21.4
Cs-Cg PNO¥* 8.8 11.9 11.3 8.8
Ce-Cg A** 5.5 2.5 1.0 0.6
Cg+ hydrocarbons 0.2 0. 0.1 0.1
Ethylene + propylene 40.8 30.2 15.8 10.4

(Ethylene + propylene)

/ (hydrogen + methane) 9.2 10.2 9.1 6.8

molar ratio

* Cs-Cg non-aromatic hydrocarbons.

** Cg-Cg aromatic hydrocarbons.
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80 Table 9 (Exanpl e 9) Feedst ockBut ane/ But eneBut ane/ But eneBut ane/ But ene

A efin content of the33.455.091 1 feedstock (% by w.). Reaction tenp.

(C) 601599600 Pressure (K/ G000 WHSV (hr-1)34.236.137.2 Yield (% by w.)
Hydrogen + nethanel.21.31.3 Ethyl ene4. 47.912,§¢ Ethanel. 10.80. 4

Propyl enell. 020, 935. 9 Propane0. 61. 01. 6 Butenes10.516. 325.1

But anes67. 543. 33. 90
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C5-C8 PNO*2.35.612.6 C6-C8 A**1.42.85.9 C9+ hydrocar bons0. 00. 10. 4 Et hyl ene

+ propyl enels. 428. 848. 8 (Ethyl ene + propylene) /(hydrogen +
nefhaﬁg)3.95.88.4 nolar ratio * ** C5-C8 non-aromatic hydrocarbons. C6-C8
aromat i-c hydrocarbons. 81 I!)d M "tol1)~DWMDr 1 O 4M ONOOX DOANOO N HWVNF - | Nri

'~ - 1 ' -10 -H PO
VO Il OOMD~Nr I[~ty' ~D OI)ON.-H)ON 1' ONg, p >CONNN - 10

Table 9 (Example 9)

Feedstock Butane/Butene | Butane/Butene Butane/Butene
Olefin content of the 33.4 55.0 91.1
feedstock (% by wt.)

Reaction temp. (°C) 601 599 600
Pressure (K/G) 0 0 0

WHSV (hr-1) 34.2 36.1 37.2

Yield (% by wt.)

Hydrogen + methane 1.2 1.3 1.3
Ethylene 4.4 7.9 12.9
Ethane 1.1 0.8 0.4
Propylene 11.0 20.9 35.9
Propane 0.6 1.0 1.6
Butenes 10.5 16.3 25.1
Butanes 67.5 43.3 3.9
C5-Cg PNO* 2.3 5.6 12.6
Cg-Cg A** 1.4 2.8 5.9
Cg+ hydrocarbons 0.0 0.1 0.4
Ethylene + propylene 15.4 28.8 48.8

(Ethylene + propylene)
/(hydrogen + methane) 3.9 5.8 8.4
molar ratio

* C5-Cg non-aromatic hydrocarbons.

* %k Ce-Cg aromatic hydrocarbons.
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Table 11 (Example 12)

Na) - ~

Conversion of
Number of | Putenes (wt.%) Average yield for
reaction (average. 24-hour reaction (wt.3%)
cycles conversion .
1 73 6.5 22.7
4 73 6.3 22.1
7 72 6.0 22.5
10 72 6.4 22.4
13 72 6.1 22.2
16 72 6.1 22.4
18 72 6.2 22.3




a0 as) Ga)Ar aasQ UE >+rIW- OH>+v \ EO0O 00 UU It) % U U 82 Table
11 (Exanpl e 12) Conversion of Nunmber of butenes (wt.% Average yield for
reacti on(average24-hour reaction (wm.% cycl esconversion for 24-h our

Et hyl enePropyl ene reaction) 1736.522.7 4736.322.1 7726.022.5 10726.422.4

83
Table 12
Example 14 Comp. Ex. 6
Yield (% by wt.)
Hydrogen + methane 9.9 17.6
Ethylene 22.5 17.6
Ethane 2.0 2.3
Propylene 38.8 16.6
Propane 2.1 0.3
Butadiene 1.9 7.2
Butanes + butenes 6.8 9.7
C5-Cg PNO* 2.0 4.5
Ce-Cg A** 10.1 17.9
Cg+ hydrocarbons 3.9 6
Ethylene + propylene 61.3 34.2
* C5-Cg non-aromatic hydrocarbons.

*% Ce-Cg aromatic hydrocarbons.



13726.122. 2 16726.122. 4 18726.222.3 83 Table 12 Exanple 14Conp. Ex. 6 Yield
(% by Ww.) Hydrogen + nethane9.917.6 Ethyl ene22.517.6 Ethane2.02.3

Propyl ene38. 816. 6 Propane2. 10. 3 But adi enel. 97. 2 But anes + but enes6. 89.7
C5-C8 PNO*2.04.5 C6-C8 A**10.117.9 C9+ hydrocarbons3. 96. 3 Et hyl ene +

propyl ene61.334.2 * C5-C8 non-aromatic hydrE%c rbons. ** C6-C8 aromatic

hydr ocarbons. 84 Table 13 Exanpl e 15Conp. .27 Catal yst Cat al yst
GConparative ' (steaned)Catalyst D

Table 13
Example 15 Comp. Ex. 7
Catalyst Catalyst G giﬁi‘;??‘f
(steamed) (steamed)
Reaction conditions 600°C, WHSV = 6 hr-1 | 600°C, WHSV = 6 hr-1
Time on streams (hr) - 0.5 24 0.5 24
Yield (% by wt.)
Hydrogen + methane 1.0 0.8 0.3 0.3
Ethylene 9.0 7.3 3.4 2.6
Ethane 0.4 0.3 0.1 0.1
Propylene 28.5 26.6 16.9 13.8
Propane 1.2 0.8 0.3 0.3
Butenes 23.9 28.7 46 .2 51.7
Butanes 20.0 19.9 19.7 19.5
C5-Cg PNO* 11.0 12.0 11.6 10.5
Ce-Cg A** 4.6 3.3 1.3 1.0
Cg+ hydrocarbons 0.4 0.3 0.2 0.2
Ethylene + propylene 37.5 33.9 20.3 16.4
* C5-Cg non-aromatic hydrocarbons.

*% Ce-Cg aromatic hydrocarbons.



(steaned) Reaction conditions600 C, WHSV = 6 hr-1600C, WHSV = 6 hr-1 Tine
on streans (hr)0.5240.524 Yield (% by wt.) Hydrogen + nethanel. 00.80. 30.3
Et hyl ene9. 07. 33. 42. 6 Et hane0. 40. 30. 10. 1 Propyl ene28. 526. 616. 913. 8
Propanel. 20. 80. 30. 3 But enes23. 928. 746. 251. 7 But anes20. 019. 919. 719.5 C5-C8
PNO*11. 012.011.610.5 C6-C8 A**4.63.31.31.0 + hydrocar bons0. 40. 30. 20. 2

Et hyl ene + propyl ene37.533. 920. 316.4 * ** - non-aromati ¢ hydrocar bons.
C6- C8 aronmmti c hydrocarbons. 85 Table 14 (Conparative Exanple 8)
Feedst ockBut ane/ But ene (rahle TonteshptatedSeLafigedsgpck (% by wt.).
Reaction tenp. (C)601

Feedstock Butane/Butene
Olefin content of the 15.0
feedstock (% by wt.) '
Reaction temp. (°C) 601
Pressure (K/G) 0

WHSV (hr-1) 34.2

Yield (% by wt.)

Hydrogen + methane 1.1
Ethylene 2.0
Ethane 1.0
Propylene 4.9
Propane 0.3
Butenes 4.7
Butanes 84.4
Cg-Cg PNO* 1.0
Cg-Cg A** 0.6
Cg+ hydrocarbons 0.0
Ethylene + propylene 3.6

(Ethylene + propylene)
/(hydrogen + methane) 1.8
molar ratio

* C5-Cg non-aromatic hydrocarbons.

* % Ce-Cg aromatic hydrocarbons.



Pressure (KGO0 WHSV (hr-")34.2 Yield (% by wt.) Hydrogen + nethanel.1l

Et hyl ene2. 0 Et hanel. 0 Propyl ene4. 9 Propane0. 3 Butenes4.7 Butanes84.4 C5-C8
PNO*1.0 C6-C8 A**0.6 C9+ hydrocarbons0.0 Ethylene + propylene3. 6 (Ethylene
+ propyl ene) /(hydrogen + nmethane)1.8 nolar ratio * C5-C8 non-aromatic
hydr ocarbons. ** C6-C8 aromati c hydrocarbons. 86 Table 15 (Conparison of
the change in the activity of the catalyst‘%%used by steam ng)
Activity*Ratio of the prior toActivity*change in the steam ngafter

st eam ngact i vi tEpkgfe tHe Gempamsison of the change in the activity

of the catalyst caused by steaming)

Activity#* o Ratio of the
prior to Act1v1tyf chapge in the
steaming after steaming | activity of the
Fxampies catalyst
1 and 2 54.6 51.9 0.95
Comparative
Examples 44.9 21.1 0.47
1 and 2

* activity = reaction rate constant (hr'l)



Exanpl es54. 651. 90 95 1 and 2. Conparative Exanpl es44.921.10.47 1 and 2 *
activity = reaction rate constant (hr-1) 87 | NDUSTRI AL APPLI CABILITY In the
net hod of the present invention, not only can ethylene and propyl ene be
produced in high yield, but also the resistance of the zeolite-containing
cata 5 lyst to deactivation is high, so that the production of ethylene
and propyl ene can be stably conducted for a 8prol onged period of tine. In
additien, by the nmethod of the present invention, in the catalytic

conversion of a hydrocarbon feelsposhRIAL AEeRrEesspPEsBYbl e to sup 10 press
t he by-production of hydrogen, nethane, ethane and aronmtic hydrocarbons,

and inprove the sel ecinvihg meahodt byl ehe prdsphepyheeatibyrt Aok onhe
met hod of the present invention is advantageous in that there is no need

to use a reactorcan5ethyienehandnprapydepe dat etoslysledmiad aalged vhiend re
guently regenerating the catalyst, and the desired eth- ylene and propyl ene
can be produced betnglaosithpl zesdstanter ofythemzesldheason thiindtgbe@ta-
adi abatic reactor.
5 lyst to deactivation is high, so that the production of
ethylene and propylene can be stably conducted for a
prolonged period of time. In addition, by the method
of the present invention, in the catalytic conversion
of a hydrocarbon feedstock, it becomes possible to sup-
10 press the by-production of hydrogen, methane, ethane
and aromatic hydrocarbons, and improve the selectivity
for ethylene and propylene.
Further, the method of the present invention is
advantageous in that there is no need to use a reactor
15 system having a complicated system adapted for fre-
quently regenerating the catalyst, and the desired eth-

Ylene and propylene can be produced using a simple re-

actor system, such as a fixed-bed, adiabatic reactor.



88 Clainms 1. A nethod for producing ethylene and propylene from a

hydr ocar bon feedstock by catal ytic conversion, which 5 conprises:
contacting, in a reactor, a hydrocarbon feedstock conprising 20 % by

wei ght or nore, based on the weight of said hydrocarbon feedstock, of at
| east one C4-Cl2 olefin with a zeolite-containing catalyst to thereby 10
effect a catalytic conversion reaction of sa8& at |east one C4-Cl2 olefin,
t hereby obtaining a reaction m xture containing ethylene and propyl ene,
wherein the zeolite in said zeolite-contatyu{igs catal yst satisfies the
following requirenents (1), (2) 15 (3) and (4): (1) said zeolite is an
internedi ate pore size zeolite having a pore size of from5 to 6.5 A (2)
said zeolite contains substantially no proton, (3) said zeolite contains

at | east one nethl sed guetllo@0Lfbr oprofecgnguUEtEPNsH&t hRE ptop%iadhs from
belonging to G oup [B of the Periodic Table, and (4) said zéolite ﬁas an

S102/ A1203 nol ara re¥decerrbennfeedstook5bP00atangt sepasavbrgibhe ghhy,ene

and propylene fromsaid 25 reaction mxture. 89
5 comprises:

contacting, in a reactor, a hydrocarbon feedstock
comprising 20 % by weight or more, based on the weight
of said hydrocarbon feedstock, of at least one C4-Cq12
olefin with a Zeolite-containing catalyst to thereby
10 effect a catalytic conversion reaction of said at least
one C4-Cjp olefin, thereby obtaining a reaction mixture
containing ethylene and propylene,
wherein the zeolite in said zeolite-containing
catalyst satisfies the following requirements (1), (2),
15 (3) and (4):
(1) said zeolite is an intermediate pore size zeolite
having a pore size of from 5 to 6.5 A,
(2) said zeolite contains substantially no proton,
(3) said zeolite contains at least one metal selected
20 from the group consisting of metals belonging to Group
IB of the Periodic Table, and
(4) said zeolite has an $102/A1303 molar ratio of from
200 to 5,000; and
separating the ethylene and propylene from said

25 ' reaction mixture.




2. The nethod according to claim1, wherein the sepa- ration of the

et hyl ene and propylene fromsaid reaction mxture is conducted by
separating said reaction mx 5 ture into fraction A conprised mainly of
hydrogen and hydrocarbons having 1 to 3 carbon atons and fraction B
conprised mainly of at |east one hydrocarbon having 4 or nore carbon
atons, followed by separation of the ethyl&® and propylene fromsaid
fractidn A 10 3. The nethod according to claim2, which further conprises
separating said fraction Binto fraction Bl conprised mainly of at |east
one hydrocarbon having 4 to 8 carbon atons and fraction B2 conprised

mai nly of 15 at 4 eastThmeneyhodcactondinyi tg 818im "Dl SyK&FLEH #h@MBepa and
recycling at least a part of said fraction BL to sald reactor so as to use

said at least afafionfofathe ¢tbyléena Hidasreppréheofrsmi dalyoresat boR

feedstock. 20 4. The nmethod according to claim2, wherein said fraction B

i s subjected toMddHerkEkorieotedebebyepabati ig assi@are £& 8CEh NG1LL oduct

containigg et hyl.ene and propylene, followed by separation of the ethylene
I

and propyl ene” 7GR SBRYP shEaGhEemcki @RMpr beed tma DSl 1 oS hpdrdden @idod

according to any one of claims 1 to 4,
ydrocarbons having 1 to 3 carbon atoms and fraction B

comprised mainly of at least one hydrocarbon having 4
Oor more carbon atoms, followed by separation of the
ethylene and propylene from said fraction A.
10
3. The method according to claim 2, which further
comprises separating said fraction B into fraction B
comprised mainly of at least one hydrocarbon having 4
to 8 carbon atoms and fraction By comprised mainly of
15 at least one hydrocarbon having 9 ér more carbon atoms,
and recycling at least a part of said fraction'Bl to

said reactor so as to use said at least a part of said

fraction By as a part of said hydrocarbon feedstock.

20 4. The method according to claim 2, wherein said
fraction B is subjected to steam cracking to thereby
obtain a steam cracking product containing ethylene and
propylene, followed by separation of the ethylene and

propylene from said steam cracking product.

25




wher'ei n sai d hydrocarbon feedstock conprises 50 % by weight or nore, based
on the wei ght of said hydrocarbon feedstock, of at |east one C4-Cl2
olefin. 5 6. The nmethod according to any one of clains 1 to 5, wherein
said zeolite further contains at |east one net selected fromthe group
consisting of alkali nmetals and al kaline earth netals. 10 7. The net hod
according to any one of clains | to 6, wher®Pn, prior to the contacting
with said hydrocarbon feedstock, said zeolite-containing catalyst is
heated in the pPesenZBeofreshedmaaicoadienpeioatsnye odfe 230 J1GiHs 11%JMre. 8.
The nmethod according to any one of clainms 1 to 7, wherein said at |edst
one netal sel ect VBGTPLBNSERE Gwempcagbosi Seiers tefckMicalps )0 g gy G oup
I B of the Peri- 20,odic Table is silver. 9. The nethod according to any one
of clains | to gWelGREr 8rnMezrd Paskeidt oni $heehwedight forfomatilie HyfdReR G H0;

9]
sisting of zeoli | opging t he ZSM5 zeolite fam 25 ily. 91 10. The
met hod according£§%d§§90gne°gfagléﬁﬁﬁtlopé §4-Caherdiefigai d catal ytic :

conversiog reaction of said at |east one C4-Cl2 olefin is effected at a
t enper at ure of

6. The method according to any one of claims 1 to 5,

wherein said zeolite further contains at least one met-
al selected from the group consisting of alkali metals

and alkaline earth metals.

10
7. The method according to any one of claims 1 to 6,
wherein, prior to the contacting with said hydrocarbon
feedstock, said zeolite-containing catalyst is heated

in the presence of steam at a temperature of 500 °C or

15 more.

8. The method according to any one of claims 1 to 7,
wherein said at least one metal selectéd from the group

consisting of metals belonging to Group IB of the Peri-

20 odic Table is silver.

9. The method according to any one of claims 1 to 8,
wherein said zeolite is selected from the group con-

sisting of zeolites belonging to the ZSM-5 zeolite fam-

25 ily.



5 from400 to 700 C under a pressure of from0.1 to 10 atm and at a

wei ght hourly space velocity of from1l to 1000 hr-1. 11. The nethod
according to any one of claims 1 to 9, 10 wherein said catalytic
conversjon reaction of said at |east one C4-Cl2 olefin is effected at a
tenperature of from400 to 700 C and at a weight hourly space veloc- ity
of from1l to 1000 hr-1, and wherein said hydPdcar- bon feedstock is a

m xture* thereof with a diluent gas, 15 and the partial pressure of said
hydrocarbon feedstock in said mxture is fromO0.1 to 10 atm

10. The method according to any one of claims 1 to 9,
wherein said catalytic conversion reaction of said at
least one C4-Cj, olefin is effected at a temperature of
5 from 400 to 700 °C under a pressure of from 0.1 to 10
atm. and at a weight hourly space velocity of from 1 to

1000 hr-1l,

11. The method according to any one of claims 1 to 9,
10 wherein said catalytic conversion reaction of said at
least one C4-Cjy olefin is effected at a temperature of
from 400 to 700 °C and at a weight hourly space veloc-
ity of from 1 to 1000 hr-l, and wherein said hydrocar-
bon feedstock is a mixture thereof with a diluent gas,
15 and the partial pressure of said hydrocarbon feedstock

in said mixture is from 0.1 to 10 atm.



