DESCRI PTI ON PROCESS FOR PRODUCI NG OLEFI N BY CATALYTI C CRACKI NG CF
HYDROCARBON 5 TECHNI CAL FI ELD The present invention relates to a process for
produci ng olefin by catalytic cracking of hydrocarbon. Mre particularly,
the present invention relates to a process for producing |ight olefin,

mai nly ethyl ene 10 and propyl ene by catal ytic cracking of hydrocarbon
material with the use of a specific catal yst. BACKGROUND ART Light ol efins
such as et hyl ene, propylene and so on are substances 15 that are inportant
as raw materials of various chem paisCRE®PM(RQtional Iy, deconposition by
heati ng anong an external heat-type tubular furnace and under the

at nosphere of steamw th the use of materials of gaseous hydrocarbon such
as et hane, propane, butane and so on or of liquid hydrocarbon such as
napht ha an@RMCESS BORIPRGOUTING IQLEFIN BYCATAINTICCRACKUNGOF i ght

ol efin. However, the deconposition by heating has econom c di sadvant ages
such that HYDBQCABBGN el evated tenperature of 800 C or higher in order
to raise olefin yield, and accordingly, that it nust enploy expensive
materials for the apparatus. Therefore, a catalytic cracking method of
hydrocarbons with the use 25 of catal yst has been discussed in various
ways. Anmon@BOHNCARBYELEKanpl es are reported about the cases of enpl oying
solid acids, 1

The present invention relates to a process for producing olefin by
catalytic cracking of hydrocarbon. More particularly, the present
invention relates to a process for producing light olefin, mainly ethylene

10 and propylene by catalytic cracking of hydrocarbon material with the use

of a specific catalyst.

BACKGROUND ART

Light olefins such as ethylene, propylene and so on are substances

15 that are important as raw materials of various chemicals. Conventionally,

decomposition by heating among an external heat-type tubular furnace

and under the atmosphere of steam with the use of materials of gaseous

hydrocarbon such as ethane, propane, butane and so on or of liquid

hydrocarbon such as naphtha and so on is adopted broadly as a process for

20 producing light olefin. However, the decomposition by heating has

economic disadvantages such that it requires an elevated temperature of

800 °C or higher in order to raise olefin yield, and accordingly, that it
must employ expensive materials for the apparatus.

Therefore, a catalytic cracking method of hydrocarbons with the use

25 of catalyst has been discussed in various ways. Among these, many

examples are reported about the cases of employing solid acids,



particularly penta-sil type zeolite such as ZSM 5, because it is

advant ageous in achieving relatively high ethylene yield and propyl ene
yield (about 10 to 30 % by mass respectively) at a reaction tenperature of
around 500 to 700 V. 5 For exanple, catalytic cracking nethods enpl oying
ZSM5 type catalyst having specific acidity and acid strength (refer to,
for exanple, Japanese Unexam ned Patent Application Laid-Open Nos. Hei
3-504737 and Hei 6-346062), and enploying ZSM5 type catal yst containing

t iti . t -ef ot | e,
ransi ti ong gt s, g;gblggtsggfaﬁypepl skt apd glgqoostNg,sésel@s qf exanpl e

10 Japanese Unexa I catlon Lai en -1413 and Hei

2.184638) adpilladEbes ol adtie Vi relaavalyhidy @El?ﬁ%h?%ri@ﬁi hadsprambayi ng

ZSM5 type catalyst containing rare earth elenent (refer to, for exanple,

U. S Pat enbyi'é'ﬁf (aBo A3 & 3020 byom38H r&ectikbyIRE AN r&Rt R tperatdrd Of
Japanese Unexam ned Patent Application Laid-Open Nos. Hei 15 11-180902 and

Hei 11- 2538&0nd5b@0 db §6000€kd. Probl ens are generally reported that carbon
(coke) generated by excessive deconposition of hydrocarbons or hydrogen

m gratison react Fon exdneples canalyitie crichkinstmethodseaniployingn@bdyidndgypdese
zeolite catal yst, and causes |oss of catalyst activity. Accordingly,

cont i nuouscatatysteiyving $pacific aedityedndysdidntraagthi efaOtq, rfef examnoplef or
exanple, U S Patent Nos. 5,232,675 and 5, 380,690 and European Patent No.
727404) orJapaniseobnerderinedPatenkisgipdationf LaideOpeni NokaHge 3ab04737 (ref er
to, for exanple, Japanese Unexanm ned Patent Application Laid-Cpen Nos. Hei
11- 180902 Heil 61340808207 )arsk comployimg cASNEPy typoweatalystt isentaiateg pr obl ens
that dealum nation fromzeolite 25 lattice is caused by hiPh-temerat ure

st eam bei ngageHiomimetali such as copper, cobalt and so on (refer to, for example,

10 Japanese Unexamined Patent Application Laid-Open Nos. Hei 2:1413 and
Hei 2-184638) are disclosed. Further, catalytic cracking methods
employing ZSM-5 type catalyst containing rare earth element (refer to, for
example, U.S Patent Nos. 5,232,675 and 5,380,690, European Patent No.
727404, Japanese Unexamined Patent Application Laid-Open Nos. Hei

15 11-180902 and Hei 11-253807) are disclosed. Problems are generally
reported that carbon (coke) generated by excessive decomposition of
hydrocarbons or hydrogen migration reaction adheres on the catalyst in
reaction employing these zeolite catalyst, and causes loss of catalyst
activity. Accordingly, continuous recovery by fluidized bed system reaction

20 (refer to, for example, U.S Patent Nos. 5,232,675 and 5,380,690 and
European Patent No. 727404) or reaction under the coexistence of steam
in large amount (refer to, for example, Japanese Unexamined Patent
Application Laid-Open Nos. Hei 11-180902 and Hei 11-253807) becomes
necessary. However, there are problems that dealumination from zeolite

25 lattice is caused by high-temperature steam being generated with

combustion of steam or carbon introduced for the purpose of recovery,



copbusti on of steam or carbon introduced for the purpose of recovery, 2

t hereby i nduces permanent | oss of catalyst activity. Therefore, | nprovenent
in hydrothermal stability of zeolite is unavoidable for using these zeolite
catalysts industrially for a long tinme. Hydrothermal stability of zeolite
general ly inproves depending on 5 an inprovenent of its crystallinity or on
an augnentation O Si02/Al 203 ratio. For exanple, a high silica type
zeolite with Si02/Al 233 Mle ratio of 10 or nore is reported as superior in

heat resi sfipRep (H%H%eéo ePti4tie®® 110ss S'éff%%a ?ﬁt enceivityd Gaabistks”. 1996,
vol une 105, p. 1549). However these catalysts k suffrcient durablllty in

applicati o d}ﬁﬂfveﬁlérﬁnﬁl Hﬁdtcﬁﬁeﬂﬁdpétalﬁ11ty16ﬂ§édlit@|1sQﬁ{H3Uo‘id;9c§1§ foRrRditder ef ore,
various kinds of inprovenent are researched. For exanple, ZSM5 type

zeol i te of tHesglzeblits odtagydtalingtethidllyt for Clongaimeng transition metal s such as
Fe, Cu, Co, Ni, C, M, etc. and potassiumor cesium (refer to, for

exanpl e, JapaneHgdibiheamalestabiitgnif 2dolifp penepdlip impaovesQiepeding diei
4-50115, Hei 4-55310, Hei 4-78443 and Hei 4-78444) is not enployable as a
cracki rig cah ahystovbeeat s ité ceysthHimsy oaldmahn aegmbntatidn af SiOLAdsD M
cesium etc., and because acid strength is poor. Although there is a paper
descri bi ngratiatFaSManplpe bmhasilisa typerealite with\bi Qatpl0senoleytatoe bér mal
stability, catalytic property in 20 catalytic cracking is indistinct (refer
to "Studi e0ion mard Ecremdeteshee smdrlocandie,a§|1§81sta@@6(re§ern nStudies m 1549) .

Further, although Japanese Unexam ned Patent Agpl i cat$on Lai d- Open No, Hei

8- 299166 dvwdnes SeiengapadyCatalysiashid9s, velune AR50 1A ddaweser.Whese t he use

of ZSM5 t
g/aq:alysts lack sufficient durability in application for a long period under

10  industrial conditions, and therefore, various kinds of improvement are
researched.

For example, ZSM-5 type zeolite of high hydrothermal stability
containing transition metals such as Fe, Cu, Co, Ni, Cr, Mn, etc. and
potassium or cesium (refer to, for example, Japanese Unexamined Patent

15 Application Laid-Open Nos. Hei 4-50115, Hei 4-55310, Hei 4-78443 and
Hei 4-78444) is not employable as a cracking catalyst because it contains
alkali metal such as potassium, cesium, etc., and because acid strength is
poor. Although there is a paper describing that ZSM-5 type catalyst
containing Mn improves hydrothermal stability, catalytic property in

20 catalytic cracking is indistinct (refer to "Studies in surface Science and
Catalysis", 1996, volume 105, p.1549). Further, although Japanese
Unexamined Patent Application Laid-Open No. Hei 8-299166 discloses
catalytic cracking reaction of hydrocarbon with the use of ZSM-5 type
catalyst containing Mn and/or Re, there is no description about durability,

25 and olefin selectivity is so small as 40 % or lower because there are much

aromatic by-product.



catal yst containing M and/or Re, there is no description about durability,
25 and olefin selectivity is so small as 40 % or | ower because there are
much aromatic by-product. 3 Furthernore, although fluid catalytic cracking
met hods with the wuse of catal yst consisting of zeolite and Mh di spersed in
inorganic matrix are disclosed, they are aimng production of gasoline and
reporting that containing Mh anong zeolite is not preferabl e because octane
val ue of 5 gasoline decreases (refer to Japanese Unexani ned Patent

Application LaFdrthemd¥es altieiugd- AARL @8 taAftic Halackilrgd @A holls Wwitheghver
al though US Patent No. 4,956,075 discloses that gasoline with high octane

val ue i s akd af nethlpyt eatsidtyig of eeclitei angd B asherséd 1h HaotEmiomamige pore
size (Y type) zeolite nodified with Mh and rare earth el enent, not only
et hyl ene léreadikcprsedy lthey axe enialinggirodatctiohtcfi gredlinet amd sepotteng that no
description about durability. Inprovement in hydrothermal stability of
zeol i t e bycotthemingo¥i iagnong zeblites js frot wErefenpbls bEcawse sotare dabe ofed,
however, it is discussed about under relatively |ow tenperature of around
400 9CS5 angaddliries deoreaskedrefes tihchapaneshi Vaexaminast Ratent rApplieatiath el ement
or about whether it_can _be applied effectively in producing olefin or not
(refer to,Lask-Opeanplos; HelaP:299d4 66 Lred dleindd-3002d0). Masepven i altheughi- open
No. Hei 3-505844). t he foreqoing description, any, catalytic ¢racking
met hod in %\A%ﬁ’meeh@a-ﬁ%,@?% kﬁicﬁgseéftiﬁyaﬁﬁllw‘%ﬁmﬂbb%ﬁi’r oapesatys 19r oduci ng
0L M1 20eilabll g YRl and ool 1 L ! 809 L8 IS Shre B0 S
type) zeolite modified with Mn and rare earth element, not only ethylene
10 and propylene are almost not obtained but also there is no description
about durability.
Improvement in hydrothermal stability of zeolite by other modifier
such as, for example, Zr or so is disclosed, however, it is discussed about
under relatively low temperature of around 400 °C, and it is not clear
15 about combined effect with rare earth element or about whether it can be
applied effectively in producing olefin or not (refer to, for example,
Japanese Unexamined Patent Application Laid-Open No. Hei 3-505844).
As the foregoing description, any catalytic cracking method in
which catalytic cracking of hydrocarbon contributes for producing olefin

20  with high yield and stably for a long term is not established yet.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide a process for
producing olefin by catalytic cracking of the hydrocarbon which enables to
25  produce light olefin such as ethylene, propylene, and so on with selectively

high yield and with long term stability, by catalytic cracking of gaseous or



The object of the present invention is to provide a process for producing
olefin by catalytic cracking of the hydrocarbon which enables to 25 produce
light olefin such as ethylene, propylene, and so on with selectively high
yield and with long termstability, by catalytic cracking of gaseous or 4

| i quid hydrocarbon as materials under |ower tenperature than the
conventional nethod and suppressing by-product such as aromatic hydrocarbon
or heavy substances. As the result of intensive researches and studies to

achi eve tHequid alevecaabphcihsbyndtaeials eseddr i1pwent mpedadtur@stiLaunthet hat
penta-sil type zeolite containing rare earth el enent and nanganese and/ or
zi r coni umconvpntivaal hindtlddeandl sapphissing langrédadt eluehi asi airohiagicned by
catalytic cracking reaction of hydrocarbon with high yield and with a | ong
term st albiydrogarboesot heawy substangdset i on of the present invention. 10
Nanely, the present invention provides: (1) A process for producing olefin
by catal ytic crAskhagresulthpliriotensvon researehealanchatedieertozachieme ethyel oyi ng
penta-sil type zeolite conprising rare earth elenents and at | east one of
manganése ajove ehieeli b B Rresemd| yyentors2)t was fruowkskat penpr-stdutineg ol ef i n
according to _the above item (1) 1? wherein the contents_of the rare earth
el enent s i%¢olifR containjag raxe |earthyielemant pad mangasiese rafd/or £1¥nPamex pr essed
as atomc ratio of aluminum, in zeolite; (3).The process for producing
ol ef i n acdBRIPNGS ty rRECIBRStAPRY 29d thih iR P D LEDE O SRS o
manganese and .zirconiumip,said catal 20 falls within the range of from
0.1 to- 20 ERpFmes Eeperiom,of B3 Rxpea5P0R With high yielaSand 'With & 6ng 32
stability, resulting in completion of the present invention.
10 Namely, the present invention provides:
(1) A process for producing olefin by catalytic cracking of hydrocarbon
material characterized in employing penta-sil type zeolite comprising rare
earth elements and at least one of manganese or zirconium as a catalyst;
(2) The process for producing olefin according to the above item (1),
15 wherein the contents of the rare earth elements in the catalyst falls
within the range of from 0.4 to 20 expressed as atomic ratio of aluminum
in zeolite;
(3) The process for producing olefin according to the above item (1),
wherein the total contents of manganese and zirconium in said catalyst
20 falls within the range of from 0.1 to 20 expressed as mole ratio of
aluminum in zeolite;
(4) The process for producing olefin according to the above item (1),
wherein said catalyst further comprises phosphorous in an amount of
from 0.1 to 5 % by mole;

25 (5) The process for producing olefin according to the above item (1),

wherein the mole ratio of Si02/Al203 among zeolite in said catalyst is from



alum numin zeolite; (4) The process for producing olefin according to the
above item (1), wherein said catalyst further conprises phosphorous in an
anount of fromO0.1to 5 %by nole; 25 (5) The process for producing ol efin
according to the above item (1), wherein the nole ratio of Si Q2/A 203 anong
zeolite in said catalyst is from5 25 to 800; and (6) The process for
produci ng olefin according to the above itemW wherein a catalytic
reaction is carried out under the presence of steam 5 THE PREFERRED

EVMBODI MENT25 € 80BRN@UT THE | NVENTI ON  Gaseous or |iquid hydrocarbons at
ordinary tenperature and under ordinary pressure are usable as hydrocarbon
mat eri al s @pThyeprdcess Hor mrodseitg iotefimtacoordiRgr tf fthe hAbyverdtent 61)30 car bon
atons, preferably 2 to 20 carbon atonms or hydrocarbon materials conprising
t he par af f whesssint heathly tiarenctmmperantief atutheaer the pretynaeadsteam. general |y
used. Typical exanples of the hydrocarbon materials include paraffin such
as et hane, propane, butane, pentane, hexane, etc., or |light hydrocarbon
fractions such as naht ha | ight oil etc Further t he mat eri al conponent
i s not O | i FiegR (RIS 12 37% AENB IR X@W&ﬁounds 15
containing a co onent h n sat uy at ed bo d. The catal yst of the present
i nventi on essentP8fPYs %ﬁ ﬁéygwcasé Saatsﬂ P?E)Ya %‘@BPY%té‘rE@ﬁldaPHﬁin rare
earth el ement. and cont ai ni ng ngan and{ or |um é@{MS and/ or
ZSMr11 is P?’é%lpﬁ??%}‘rep%r@f Bf Peasa y H¥ay %‘Pu”f"é eré’r B ARIYSd 13 BhG ati o of

the zeoli tere's%ni r18\rrrzant10n %paraffin having 2 to 30 carbon atoms, preferably 2 to

20 carbon atoms or hydrocarbon materials comprising the paraffin as the
10 main component (at least 10 % by mass) is generally used. Typical

examples of the hydrocarbon materials include paraffin such as ethane,

propane, butane, pentane, hexane, etc., or light hydrocarbon fractions

such as naphtha, light oil, etc. Further, the material component is not

limited to saturated hydrocarbons but expanded to the compounds
15 containing a component having unsaturated bond.

The catalyst of the present invention essentially consists of
penta-sil type zeolite containing rare earth element and containing
manganese and/or zirconium. ZSM-5 and/or ZSM-11 is particularly
preferable as the zeolite. S102/Al20O3 mole ratio of the zeolite is from 25 to

20 800, preferably from 40 to 600, and more preferably from 80 to 300.

Although any kind of the rare earth element may be employable,
preferable examples of the rare earth element include lanthanum, cerium,
praseodymium, neodymium, samarium, gadolinium, dysprosium, etc.
Each rare earth element may be employed alone or in combination of two

25 or more kinds thereof. Modification of rare earths to catalyst employs

various kinds of salt, for example, acetate, nitrate, halide, sulfate,



20, 800, preferably from40 to 600, and nore preferably from80 to 300.

Al t hough any kind of the rare earth el enent nay be enpl oyable, preferable
exanples of the rare earth el enent include | anthanum cerium praseodyn um
neodym um samarium gadolinium dysprosium etc. Each rare earth el enent
may be enpl oyed al one or in conmbination of two 25 or nore kinds thereof.
Modi fication of rare earths to catal yst enploys various kinds of salt, for
exanpl e, acetate, nitrate, halide, sulfate, 6 carbonate or al koxi de,

acet yl acet eadloRadd brs AllXiddY ab@lcetdnAad 48D soe¥AN3YIendiBish6f andfon
i npregnation nethod, a hydrothermal «crystallization nethod or other nethod.

Ei t her oneekilithger hatthod, mangangfareghgtiahr camtisldusd bRydiothsseali al |y
contained in the catalyst additionally to the rare earth elenment in order
to reveal tiystgiliopaohymethdder othien methaldyst. The introducti on of manganese
and/ or zirconiumto the zeolite may be carried out by an ion exchange

met hod, an i npr Egthetri one nieinldody bothy df onheganése amys zaicbniamhi omstrebéiod or
ot her nmethod each with the use of various 10 chem cal conpounds ther eof

r espectd vessentiadlyoeardaingd ywotlie ¢atalyst additienalinso thenarereayrsh ehement coni um
to zeolite is pnot particularly specified; however, mpdifying rare earth

el ement af ieordertosayvedice prorsety phtBameaw axi@lvst. AhecbHrodnehgn v
preferable. It is inportant that the rare_earth el enent, manganese and/ or
15 zi r coni mﬁnagaéle§w¢5{/?realr69nwnéerrh§i ze0lite pnay,de eaarriedeoh bY A A n

catal yst a0 fecel v choy i ng U Seol Lo i Lh fane ear oy, Thngenpse
crystallization method or other method each with the use of various
10 chemical compounds thereof respectively. The order of modifying rare
earths, manganese and zirconium to zeolite is not particularly specified;
however, modifying rare earth element after the modification of
manganese and/or zirconium may be preferable.
It is important that the rare earth element, manganese and/or
15 zirconium are supported on or contained in the zeolite in the main
catalyst, and merely combining the zeolite with rare earths, manganese
and/or zirconium compound (oxides, etc.) physically does not exhibit the
effect of the main catalyst.
Among the catalyst of the present invention, the content of rare
20  earth element is 0.4 to 20, preferably 0.6 to 5, and more preferably 1 to 3
expressed with atomic ratio to aluminum in zeolite. When the content is
smaller than 0.4, by-product such as heavy coke or aromatic compound
increases, and when the content excéeds 20, catalytic activity loses and
olefin yield falls down. The content of manganese and/or zirconium
25 expressed as a ratio of the total mol number to the mol number of

aluminum in zeolite is from 0.1 to 20, preferably from 0.5 to 10, and more



effect of the main catalyst. Anong the catal yst of the present invention,
the content of rare 20 earth elenent is 0.4 to 20, preferably 0.6 to 5, and
nore preferably 1 to 3 expressed with atomc ratio to alumnumin zeolite.
When the content is smaller than 0.4, by-product such as heavy coke or
aromati c conpound increases, and when the content exceeds 20, catalytic
activity loses and olefin yield falls down. The content of manganese and/or
zirconium 25 expressed as a ratio of the total nol nunber to the nol nunber

of al um rprdférable@ldrhel tos5f WHBDtHe E6htdAt iPERIadled Rh¥nfthenakbve ¥4ud0, and
nore 7 preferably from1 to 5. Wen the content is smaller than the above

val ue, hylydroltkesrhl stabhiliky tdegdedpsadar] wagh whantdd great, ahegratatytid he
catalytic activity |loses. The effect of both the rare earth el enent and
manganese adiwdtyploseisr dire effecteeihboth enhaane edrthablemént ahd cmbakgséseand t o
suppress 5 generation of by-product because nodification by only nmanganese
and/ or ziandni gmcehivmuseenarte egdramice el wabnlitydefycatadesthgmit do lsappaessst abi ity
and increase the by-product. Configuration of the catalyst in the present
i nvent iSon generptioanst by produsichecause modificatiod st enlyemangagese and/erei ng
particularly specified. 10 Further, these catal ysts may contain_other
conponent sZit¢paiumestitheut rare esxth iplement regrader) hydsethoranadr stabiibhi um such
as, for exanple, alkali el egents, al kaline earth el enents, transition
metal s, noMreingeasethe hxggdHet: phosphors, binders, etc. The catal ysts may
be used by conbini Lth fillers . such as silica, alumna, ghesi a or
quar ts sands. cvgntigurahof bie Fridfey iniBe aitpputbinvEnleanar J EREPhcK ng
reaction Ilg]ovgrg'eery, molding products, etc., without being particularly specified.
10  Further, these catalysts may contain other components than zeolite, rare
earth element, manganese and/or zirconium such as, for example, alkali
elements, alkaline earth elements, transition metals, noble metals,
halogens, phosphors, binders, etc. The catalysts may be used by combining
with fillers such as silica, alumina, magnesia or quartz sands, etc.
15 With regards to the style of the catalytic cracking reaction in the
present invention is not particularly specified, however, the catalytic
cracking reaction may be carried out by supplying hydrocarbon materials
to the catalytic layer wherein the catalyst is filled employing a style of
reactor such as fixed bed, moving bed, fluidized bed, etc. In this occasion,
20 the hydrocarbon materials may be diluted with nitrogen, hydrogen,
helium, steam or so.
The reaction temperature falls within the range of from 350 to
780 °C, preferably from 500 to 750 °C, and more preferably from 600 to
700 °C. Although the catalytic cracking reaction may be carried out even

25 under the temperature of exceeding 780 °C, generation of methane and

coke will increase abruptly. Further, when the temperature is lower than



present invention is not particularly specified, however, the catalytic
cracking reaction may be carried out by supplying hydrocarbon materials to
the catalytic |ayer wherein the catalyst is filled enploying a style of
reactor such as fixed bed, noving bed, fluidized bed, etc. In this occasion,
20 the hydrocarbon materials may be diluted with nitrogen, hydrogen,

hel ium steamor so. The reaction tenperature falls within the range of from
350 to 780 'C, preferably from500 to 750 'C, and nore preferably from 600
to 700 ' GB5QNChotlgh yiidld eftaléfih i FerC haskidy witladbereasstheda®se agniowth out even
25 under the tenperature of exceeding 780 'C, generation of nethane and

coke will adtiviepsdllatotup psovided.t her, when the tenperature is lower than 8
350 'C, the yield of olefin per passage will decrease because enough
activity will nThebregutoni geessuFfbemngabei effeqtives switle ordyndmey efrésuntreye with
ordinary pressure, reduced pressure or conpressed pressure, however,

ordi nary presdxaderessure & ¢ampressed ppessssedhevessypedimayy ipeessiraldrya adopt ed.
Carrying out the present invention under the foregoing condition enables to
ef fici ént | httircompoessed mrepsunecnay bermsvallr addpdednder | ow tenperature
thereby to produce |ight olefins such as ethyl ene, propylene and.so on with
high yield 10 ¢RErpngseHt thepaptendninyrationpandsithe dere 20urHwonAitian t her

details wt refereﬁce tQ exanpl es, bfge;[( the present invepntion shall by no
means be $2aRlef coe@titgientE denompgsagt racarbpxamaterials under low

temperature thereby to produce light olefins such as ethylene, propylene
and so on with high yield.

10 The present invention shall be explained below in further details
with reference to examples, but the present invention shall by no means

be restricted by the following examples.

EXAMPLES
15 Example 1
A powdery proton type ZSM-5 zeolite in an amount of 4 g as the
zeolite was impregnated into an aqueous solution (prepared by dissolving
0.62 g of MnSO4 + 5H20 into 60 ml of deionized water) containing
manganese sulfate corresponding to equimolecular amounts as aluminum
20  in the zeolite in an amount of 2.6 millimole, and the solution was agitated
at the temperature of 40 °C for two hours. The SiO2/Al2O3 ratio measured
with fluorescent X-ray analysis about the proton type ZSM-5 zeolite was
50, its surface area was 380 m?/g, and its particle diameter was 150 um
or smaller. The resultant slurry was agitated under reduced pressure at

25 the temperature of from 40 to 60 C and moisture was evaporated

spending about 2 hours, thereby obtained white powders. After drying the



15 Exanple 1 A powdery proton type ZSM5 zeolite in an anount of 4 g as the
zeolite was inpregnated into an aqueous solution (prepared by dissolving
0.62 g of MhS04 - 5H20 into 60 m of deionized water) containing manganese
sul fate correspondi ng to equi nol ecul ar amobunts as alumnum 20 in the zeolite
in an anount of 2.6 mllinole, and the solution was agitated at the
tenperature of 40 'C for two hours. The Si 02/ Al 203 ratio neasured wth
fluorescent X-ray anal ysis about the proton type ZSM5 zeolite was 50, its
surface argaulant3SOvd&rsgin ahd dit atpthd tehpechitanetofr 12®SCLi? 8 Thaurspr ’
smaller. The resultant slurry was agitated under reduced pressure at 25 the
t enper at urtheyf wererhe4bed mp6® 'the dachpepatreref 606 Evapmaffledfusmeadiyng about
2 hours, thereby obtained white powders. After drying the 9 resultant
powder s i nsgemelingrd dtourbeahdnfyetladnirthegf w0 b@kbdratd thotemperaheye ofr e
heated up to the ter&perature of 600 'Cin nuffle furnace by spending 4

hours, and®@QrEnder & heprselhebakide hakedepavedqrsr wewe ecrashedpoduchfesr 5

hours. Then, the baked powders were crushed, further, 5 inpregnated in an
aqueous soimpregmasehtm rim@aQiedug sélutiom: antamingpr®gagedf bhandhgsvm/i ng 0. 99
g of aceti¢c acid |lanthanum 1.5 hydrate into 60 m of deionized water),

t her eby drpeepared burisgolving 9% &0k agetin aeiddenthamper -prhy dratgyideLd and

finally obtained grayish white saolids, The_ grayish white solids were
further cr‘@iﬁ’gd{je&?\%ﬁ@drfﬁ?‘ieéi’ theacky, dried ard hake 10, Bhg srme B NSE A%

o0 LSS ol 30, HESSL S PSHEEES 500 0B, e o
ratio to aér%r}rriis umw%ri%n%ofiﬁ(s)l iv&e%e“?ﬁxgch]éi' 1crushed among mortar and the
10  resultant powders were passed through a sieve of 150 u m, and the sieved
powders were named as La-Mn/HZSM-5 catalyst. The content of La and
Mn each expressed as atomic ratio to aluminum among zeolite were 1.1
and 1.0 respectively.
Subsequently, a catalytic activity after processing high temperature
15 steam treatment about the prepared catalyst was evaluated by means of
pulse decomposition reaction of n-hexane.
Namely, the La-Mn/HZSM-5 catalyst prepared in Example 1 was
compressed, crushed, sieved and molded to granular catalyst with about 1
mm®. This catalyst in an amount of 1 g was filled into fixed bed tubular
20 reactor, and processed high temperature steam treatment (steam partial
pressure: 40 kPa) by passing nitrogen and steam for 24 hours at the
temperature of 700 °C. After the termination of high temperature steam
treatment, inside the reactor was purged with nitrogen, and setting the
temperature of catalyst floor at 500 °C, a pulse decomposition reaction of

25 n-hexane was carried out. Passing nitrogen as carrier gas with a flow rate

of 75 cm3/min, a conversion ratio of n-hexane at outlet was measured by

10



and 1.0 respectively. Subsequently, a catalytic activity after processing

hi gh tenperature 15 steamtreatnent about the prepared catal yst was

eval uated by nmeans of pul se deconposition reaction of n-hexane. Nanely, the
La- Mh/ HZSM 5 cat al yst prepared in Exanple 1 was conpressed, crushed, sieved
and nol ded to granular catalyst with about 1 mmP. This catalyst in an
anmount of 1 g was filled into fixed bed tubular 20 reactor, and processed

hi gh tenperature steamtreatnent (steam partial pressure: 40 kPa) by

passi ng ni applyeng angudtccafmnflexdhe fotreslwtionhBuid gohenet dir g IbinfOCheC. After
the termnation of high tenperature steam treatnent, inside the reactor was
purged w t heautéer.ogen, and setting the tenperature of catalyst floor at 500
C, a pul se deconposition reaction of 25 n-hexane was carried out. Passing

ni trogen as car Ther rgswlts ate sshfovow it Bablef 175AddBiamally,aacamsealtsiobn rati o
of n-hexane at outlet was neasured by 10 applying_a pul se of n-hexane

(i nt r oduct ¢erluatigncater simpilarly @ngeSiSmg)unh@dlg@bgmﬁM'5’#&93}89§h0t"§1 e shown
in Table 1, Additionally, a result of evaluation after simlarly processing
unnodi 3 ed TAbleM o5 xefardngeshown in 5 Table 1 for reference. Exanpl e 2
HZSM 5 catal yst nodified wth | anthanum and zirconium (La-Zr/HZSM 5
catalyst) was prepared in a simlar manner as Exanple 1 10 except that the
aqueous solutio ont ai ni ng nmanganese sul fate was replaced by an aqueous

sol ution d %‘gml{lf*r%g oxyzirconyl nitrate (Prepared

HZSM-5 catalyst modified with lanthanum and zirconium

(La-Zr/HZSM-5 catalyst) was prepared in a similar manner as Example 1

10  except that the aqueous solution containing manganese sulfate was

replaced by an aqueous solution dissolving oxyzirconyl nitrate (prepared

by dissolving 0.69 g of ZrO(NOs)z + 2H20 into 60 ml of deionized water) in

an amount of 2.6 millimole. The content of La and Zr each expressed as
atomic ratio to aluminum among zeolite were 1.1 and 1.0 respectively.

15 The result of pulse decomposition reaction of n-hexane after high

temperature steam treatment about this catalyst is shown in Table 1.

Example 3
A catalyst modified with lanthanum, manganese and zirconium
20 (La-Mn-Zr/HZSM-5 catalyst) was prepared in a similar manner as
Example 1 except that the aqueous solution containing manganese sulfate
was replaced by an aqueous solution dissolving 1.95 millimole of
manganese sulfate and 0.65 millimole of oxyzirconyl nitrate (prepared by
dissolving 0.47 g of MnSOy + 5H20 and 0.174 g of ZrO(NO3)z - 2H20 into 60
25  ml of deionized water). The content of La and (Mn+Zr) each expressed as

atomic ratio to aluminum among zeolite were 1.1 and 1.0 (Mn+Zr)

11



by. di ssolving 0.69 g of ZrQ NGB)2 - 2H20 into 60 m of deionized water) in
an anount of 2.6 mllinole. The content of La and Zr each expressed as
atomc ratio to alum num anong zeolite were 1.1 and 1.0 respectively. 15 The
result of pul se deconposition reaction of n-hexane after high tenperature
steam treatnent about this catalyst is shown in Table 1. Exanple 3 A

catal yst nodified with | anthanum nanganese and zirconium 20
(La-Mh-Zr/HZSM 5 catal yst) was prepared in a simlar nmanner as Exanple 1
except thatespbetiaelyeous sol uti on contai ni ng manganese sul fate was repl aced
by an aqueous solution dissolving 1.95 mllinole of nanganese sulfate and
0.65 millinol e Themegnltr chpylsendeéccanposiioe paaedonyof wihesaheiaftei0high g of
WMhS04 - 5H20 and 0.174 g of ZrQ(N®B)2 - 2H20 into 60 25 m of deionized

wat er) . Theenspenadnre sfeala traadmevt-abont dhisrcadzlyse ss ehowis ingkadied.ratio to

al um num anong zeolite were 1.1 and 1.0 (Mh+Zr) 11 respectively. The result
of pul se deconposition reaction of n-hexane after high tenperature steam
treatment gbout this catalyst is shown in Table 1. 5 Exanple 4 The powder
cat al yst (ﬁ&?‘wl?-lésMS catal yst) prepared in Exanple 1 in an anount of 4 g

was i npregnated.n dia ni um - hydrage sphate aqueo sol utign repared
by di ssol ving 0’.1%8 &W%dim%un@%/@f“&[ﬁé@ésp &?UE t ®#TBPATR O’EIP

dei oni zed E/aterph nd the 10 re§ulér?£t sol ut.i on was, agi.t at.ed at t.he

t enper at ur £XBFEPAD € Phrah HBGRET Ok § JL tlﬁﬂreg}iﬁﬁfg e SBMORER ynder
reduced prﬁ§&%rg%n%ho§&?ate aqueous solution (prepared by dissolving 0.68 g of

diammonium hydrogenphosphate into 60 ml of deionized water), and the

10 resultant solution was agitated at the temperature of 40 ‘C for 2 hours.

The resultant slurry was agitated under reduced pressure at the

temperature of from 40 to 60 °C and moisture was evaporated spending

about 2 hours, thereby obtained grayish white powders. After drying the

resultant powders in the air at the temperature of 120 °C for 8 hours,

15 they were heated up to the temperature of 600 C in muffle furnace by

spending 4 hours, and further, they were baked at the temperature of

600 °C for 5 hours. The grayish white powders were further crushed with

mortar and the resultant powders were passed through a sieve of 150 u m,

and the sieved powders were named as P-La-Mn/HZSM-5 catalyst. The

20 content of La, Mn and P each expressed as atomic ratio to aluminum
among zeolite were 1.1, 1.0 and 1.1 respectively.

The result of pulse decomposition reaction of n-hexane after high

temperature steam treatment about this catalyst is shown in Table 1.

25 Example 5

The P-La-Zr/HZSM-5 catalyst was prepared in a similar manner as

12



tenperature of from40 to 60 C and noi sture was evaporated spending about 2
hours, thereby obtained grayish white powlers. After drying the resultant
powders in the air at the tenperature of 120 C for 8 hours, 15 they were
heated up to the tenperature of 600 Cin nuffle furnace by spending 4
hours, and further, they were baked at the tenperature of 600 C for 5
hours. The grayi sh white powders were further crushed with nortar and the
resul tant powders were passed through a sieve of 150 m and the sieved
powder s weEranmpied esceptlidavhhed/EMMnddzaMystcatdlyst 20a< oeplened diy tlag Mh and
P each expressed as atomc ratio to alum num anong zeolite were 1.1, 1.0
and 1.1 rebpdaVH¥OM5 catelysé quepardd puFsempde @ddwi ¢cangant efidiai, dnr aafd n- hexane
after high_ tenperature steamtreatnment about this catal yst is shown in

Tabl e 1. 2B eBehmipeessetings gtamlczatiazenalmnziaua paonggeqgditepaeredliln 10 simi | ar
manner as 12 Exanple 4 except that the La-Wnh/ HZSM 5 catal yst was repl aced by
the La-zraprzIM sespeHVolt: prepared in Exanple 2. The content of La, Zr and

P each expressed as atpomi ¢ ratio to al ym num anong .zeolite e 1,1, 1.0
and 1. P r espect?b%lrﬁsug Q’ﬁB“fS@sg‘F(fonH?O%ﬂP%é-"ea%"d%‘l‘rﬁfs?'?ieéﬁn?g&%‘i é%gjlbf

n- hexane after high te rature steamirea nt . about thi atal yst is
Chown i Tiaetptifs steBAb Pleuitiehs Ao AY thi B B Rk i ool B AR 20 5
zeolite (Si 2/ Al 203 ratio: 50) 10 enployed in Exanple 1 in an amount of 4 g
was i npregnated into an aqueous solution containing 0.4 g of |anthanum

(prepared gy Jla$284¢ Eihimple 1

The powdery proton type ZSM-5 zeolite (SiO2/Al2O3 ratio: 50)
10 employed in Example 1 in an amount of 4 g was impregnated into an
aqueous solution containing 0.4 g of lanthanum (prepared by dissolving
0.99 g of acetic acid lanthanum 1.5 hydrate into 60 ml of deionized water),
and the resultant solution was agitated for 2 hours at the temperature of
40 °C. The resultant slurry was agitated under reduced pressure at the
15 temperature of from 40 to 60 “C and moisture was evaporated spending
about 2 hours, thereby obtained white powders. After drying the resultant
powders in the air at the temperature of 120 °C for 8 hours, they were
heated up to the temperature of 600 ‘C in muffle furnace by spending 4
hours, and further, they were baked at the temperature of 600 C for 5
20  hours. The white solids were further crushed with mortar and the
resultant powders were passed through a sieve of 150 u m, and the
sieved powders were named as La/HZSM-5 catalyst. The content of La

expressed as atomic ratio to aluminum among zeolite was 1.1.
The result of pulse decomposition reaction of n-hexane after high

25 temperature steam treatment about this catalyst is shown in Table 2.

13



0.99 g of acetic acid lanthanum 1.5 hydrate into 60 ml of deionized water),
and the resultant solution was agitated for 2 hours at the tenperature of
40 'C. The resultant slurry was agitated under reduced pressure at the 15
tenperature of from40 to 60 C and noi sture was evaporated spending about 2
hours, thereby obtained white powders. After drying the resultant powders
inthe air at the tenperature of 120 C for 8 hours, they were heated up to
the tenperature of 600 Cin nuffle furnace by spending 4 hours, and
further, tCempaesgvdik@dnple 2 he tenperature of 600 C for 5 20 hours. The
white solids were further crushed with nortar and the resultant powders
wer e passed t hrBughiHEZSVdy eatally g50unportingrhdsphor siasvekpared eimilaelye naned
as La/ HZSM 5 catal yst. The content of La_ expressed as atomic ratio to

al um num aarorigxampilé t4 except. thatThe g eafullia/BZSHMiI5s eatielystrpostiainesth meact i on
of n-hexane after high 25 tenperature steamtreatnent about this catal yst

i s shown iGomnprative Exanmlephwasioperlexedpike corens pfzenmsl Paxproased
supporting phosphor was qElrep.ar ed simlar h‘%‘é as Exar’rﬁl e 4 except that 4 g of
La/ HZSK 5 2 tomyistragior te; Haminym eggng zeoiiye Wexaparally s enpl oyed. The

content of La P expresse as atomc ratio tq alum num,anong. zeolite
were equal ly 1. .efﬁéuﬁe PPPSGf‘?"Fﬁ?F’%SHé%r’Fﬁ%W@P&g r%’b&ﬁ??%r‘?‘ftﬁr ﬂl xane
after high te rature steamtreatnent, .about, this .catal i s,shown in
Table 2 CCSMAETRETOLS R piea taend SR BRgarsbl b gt s To8IF 2 ool i £ o
(SIQ2/A 208 ratio: 50) enployed in Exanple 1 in an anmount of 4 g was

i npregnated into an

Comparative Example 3
10 The powdery proton type ZSM-5 zeolite (SiO2/AlzO3 ratio: 50)
employed in Example 1 in an amount of 4 g was impregnated into an
aqueous solution (prepared by dissolving 0.62 g of MnSOy + 5Hz0 into 60
ml of deionized water) containing manganese sulfate corresponding to
equimolecular amounts as aluminum in the zeolite in an amount of 2.6
15  millimole, and the solution was agitated for 2 hours at the temperature of
40 °C. The resultant slurry was agitated under reduced pressure at the
temperature of from 40 to 60 ‘C and moisture was evaporated spending
about 2 hours, thereby obtained white powders. After drying the resultant
powders in the air at the temperature of 120 C for 8 hours, they were
20  heated up to the temperature of 600 C in muffle furnace by spending 4
hours, and further, they were baked at the temperature of 600 °C for 5
hours. The solids were further crushed with mortar and the resultant
powders were passed through a sieve of 150 p m, and the sieved powders
were named as Mn/HZSM-5 catalyst. The content of Mn expressed as
25  atomic ratio to aluminum among zeolite was 1.0.

The result of pulse decomposition reaction of n-hexane after high

14



aqueous sol ution (prepared by dissolving 0.62 g of \nSO4 5H20 into 60 m

of deionized water) containing nanganese sulfate corresponding to
equi nol ecul ar anmounts as alumnumin the zeolite in an anount of 2.6 15
mllinmle, and the solution was agitated for 2 hours at the tenperature of
40 C. The resultant slurry was agitated under reduced pressure at the
tenperature of from40 to 60 C and noi sture was evaporated spending about 2
hours, thereby obtai ned white powders. After drying the resultant powders

in the airteaipdraguiesRamnatradnht bbdubCthidrcalalietisshdwia)iinitde 20 heated up
to the tenperature of 600 'Cin nmuffle furnace by spending 4 hours, and

further, t@empaeativbdkednple 4 he tenperature of 600 C for 5 hours. The
solids were further crushed with nortar and the resultant powders were
passed through HZSMve catalysd modifiednavitihezis¢omiath (BWHEESM-Secatalmted as

M/ HZSM 5 catal yst. The content of M expressed as_ 25 atomic ratio to

al um num awea@repatdd i asdmilag mThaer as (lompdrajivesBxampdergosicepbthatact i on
of n-hexane after high 14 tenperature steamtreatnent about this catalyst is
shown iSn THIS aqpreoucsabicn icoptaERID MangaEstt Siltateavgs trepbaned BY a@ t h
zirconium (Zr/ HZSM 5 catal yst). was prepared in sim |l ar. manner as

Conpar at i v&d¥sodiep el ugiog, éiéiﬁpi‘flﬁgt OXYZ1KCRBY h AEaR a@mmneénbz oHsselNIng)

manganese f at | by, ap.aqueous sol ytion dissolvin xyzirconyl
nitrate (pegHs SRZRIOIPSEG g e Be T ol deRireaysters ip aniametaboli of
dei oni zed ter).in an,anmunt of .6 mllinmole., The cqntent .of .Zr expressed
G5 atom o § b mulimOler (R G e G assedans aebpe o % alfmiffund
among zeolite was each 1.0.
10 The result of pulse decomposition reaction of n-hexane after high

temperature steam treatment about this catalyst is shown in Table 2.

Comparative Example 5
P-Mn/HZSM-5 catalyst supporting phosphor was prepared similarly
15 as Example 4 except that 4 g of Mn/HZSM-5 catalyst obtained in
Comparative Example 3 was employed. The content of Mn and P each
expressed as atomic ratio to aluminum among zeolite were 1.0 and 1.1
respectively.
The result of pulse decomposition reaction of n-hexane after high

20 temperature steam treatment about this catalyst is shown in Table 2.

15



10. The result of pul se deconposition reaction of n-hexane after high
tenperature steamtreatnent about this catalyst is shown in Table 2.
Conparative Exanple 5 P-M/ HZSM 5 cat al yst supporting phosphor was prepared
simlarly 15 as Exanple 4 except that 4 g of Mh/HZSM5 catal yst obtained in
Conpar ati ve Exanple 3 was enpl oyed. The content of M and P each expressed
as atomc ratio to alum num anong zeolite were 1.0 and 1.1 respectively.
The resul tTgflepul se deconposition reaction of n-hexane after high 20
tenperature steamtreatnent about this catalyst is shown in Table 2. 15

Tabl e 1 Catalysthr-hexanre—conversi-on—+atio—YarpdifiedHZSM-54. 2 Exanpl ellL
a-M/H Z S|M515. 5 Exanpl e2Labdtd! ¥otsm 512, 2 ExampN®@ANE- M- 2r / HZSM 515. 0
Exanpl e4P- |[L a-Mn/ H|Z S M 516.0 Exanpl e5Pectraversioh Zatiow512.5 5 Table 2
Cat al yst n- hexane conversion ratio (% Oorrpa'r ativelgdHZSM 54. 5 Exanple 1
Unmodified HZSM-5 4. 2
Example 1 La-Mn/HZSM-5 15. 5
Example 2 La-Zr/HZSM-5 12. 2
Example 3 | La-Mn-Zr/HZ SM-5 15. O
Examplie 4 P-La-Mn/HZSM-5 16. O
Example 5 P-La-Zr./HZSM-5 12. 5
5 Table 2
Catalyst n-hexane conversion
ratio (%)
Comparative La/"HZSM-5 4. 5
Example 1
Comparative P-La/HZSM-5 5 2
Example 2
Comparative Mn/ HZSM-5 6. 5
Example 3
Comparative Zr/HZSM-5 5. 5
Example 4
Comparative P-Mn/HZSM-5 6. 8
Example 5

As apparently shown by comparing Table 1 and Table 2, it is
understood that the catalyst in Examples of the present invention

10 maintains catalytic activity after high temperature steam treatment
remarkably enhancing as compared with the unmodified catalyst or the

catalyst in Comparative Examples.
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Conpar ati veP-La/ HZSM 55. 2 Exanple 2 Conparati veMh/ HZSM 56. 5 Exanple 3
Conpar ativeZr/ HZSM 55. 5 Exanpl e 4 ConparativeP- M/ HZSM 56. 8 Exanple 5 As
apparently shown by conparing Table 1 and Table 2, it is wunderstood that
the catal yst in Exanples of the present invention 10 nmaintains catalytic
activity after high tenperature steamtreatnent remarkably enhancing as
conpared with the unnodified catalyst or the catalyst in Conparative
Exanpl es. 16 Exanple 6 The La- Mh/ HZSM 5 catal yst prepared in Exanple 1 was
conpr essedExampdd€d, sieved and nolded to granular catalyst with a
di aneters of about 1 mm(err). This catalyst in an amount of 1 g was filled 5
into a reacti onThebeLavMivHZSMd2 diatmyser poépai@dnmnandixamugleof 1stvaasl ess
steel (with interpolation pipe for thernocouple wi th outside dianmeter of 3
m) . The |enmgpressédy |¢eu$}m£| sieved | ayérmatdedabougragolam catalistz wahdt was
filled intg the top,.and the bott of the catalytic layer. Wile sending air
with a flokamgterspf @3908&1}/%%&’(-gﬂllFW@t%]é’ﬁBéFamaél%mtmfrcl ecwasdilet as 1 10
at nospheri c pressure, the sane here nderq? into the fixed bed reactor, the
t enper & ur@tpa Feaction: Bile wethy w&ie @ eé\Pgtlé)dn% amyl pRglecoltainlags

steel (with interpolation pipe for thermocouple with outside diameter of 3

mm). The length of the catalytic layer was about 30 mm. Quartz sand was

filled into the top and the bottom of the catalytic layer. While sending air

with a flow rate of 40 cm3min (at the temperature of 0 °C, converted as 1
10  atmospheric pressure, the same hereunder) into the fixed bed reactor, the
temperature of the catalytic layer was elevated up to 650 C and the
catalytic layer was preprocessed as it is for one hour. After the
termination of the pretreatment, catalytic cracking reaction of n-butane
was carried out under high temperature hydrothermal condition
15 maintaining the temperature of the catalytic layer at 650 °C, and feeding
. n-butane as material, nitrogen and steam each with the flow rate of 3.0
cm?/min, 30 cm3/min, and 0.5 g/h respectively.
The reaction product was analyzed by means of gas
chromatography and the values of product yield and material conversion
20  ratio were calculated respectively using the following equations:
Product yield (% by mass)
= (mass of each component / mass of fed material) X 100
Material conversion ratio (%)
= (1 — mass of unreacted material / mass of fed material) X 100

25 The reaction results are shown in Table 3.
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catalytic |l ayer was preprocessed as it is for one hour. After the
termnation of the pretreatnent, catalytic cracking reaction of n-butane
was carried out under high tenperature hydrothermal condition 15 nai ntaining
the tenperature of the catalytic layer at 650 C, and feeding n-butane as
material, nitrogen and steam each with the flowrate of 3.0 cnB/mn, 30
cnB/mn, and 0.5 g/ h respectively. The reaction product was anal yzed by
means of gas chromatography and the val ues of product yield and materi al
conver si orExazZ@plaliaadExempdé gul at ed respectively using the follow ng
equations: Product yield (% by mass) = (mass of each conponent / nmass of fed
materi al) x 10CThdveaemlytit ceavking seactismd 6fOn (dtane Wlere cameiedafutuimr gect ed
material / nmass of fed material) x 100 25 The reaction results are shown in
Tabl e 3. IsaAntxamph@e¥ asdEExambe €6 SexXbept ctitadl Lot Zr/HZEMiSh gprepaced oms of

n- butane were carried out in the sanme manner as Exanple 6 except that

La- Zr / HZSNESampptp&r ed B-ha-MuddgSd1-3, prepared an MinaEsM 4 waepaeedsi theExanpl e 4
was used as the 5 catalyst in _Exanmple 7 and Exanple 8 respectively. The
reacti én readalyst imFexagmpien’ and Faisinerls 8 wsppetivglyve Exanpl es 6 and 7 The
catal ytic crackjng reactions_of n-butane were carried out in the 10 sane
manner as Exanpl@€ seastioaptesulistane shommamnilgbledpared in  Conparative Exanpl e
2, or Mh/ HZSM5 prepared in Conparative

Comparative Examples 6 and 7
The catalytic cracking reactions of n-butane were carried out in the
10 same manner as Example 6 except that P-La/HZSM-5 prepared in
Comparative Example 2, or Mn/HZSM-5 prepared in Comparative
Example 3 was used as the catalyst in Comparative Example 6 and
Comparative Example 7 respectively.

The reaction results are shown in Table 4.
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Exanpl e 3 was used as the catal yst

I n Conparative Exanple 6 and Conparative

Exanpl e 7 respectively. The reaction results are shown in Table 4. 18 In
Tables 3 and 4, Y represents Product yield. Table 3 5 Exanpl e 6Exanpl e

7Exanpl e 8 Catal ystLa-M/ La-Zr/ P-La-M/ HZSM 5HZSM 5HZSM 5
Mat eri al n- but anen- but anen- but ane Tenperature 6 5 06 5 06 5 0 (C) Passing

Time 25 0250250 (hrs.) Materi al

ratio (a/o) Ethylene3 9. 034. 93 4. 83 1. 03 7. 33 6. 0
In Tables 3 and 4, Y represents Product yield.

Conversion 94. 991. 596.392. 793. 890. 2

Table 3
5
Example 6 Example 7 Example 8
Catalyst La-Mn La-Zr.” P-La-Mn/~
HZSM-5 HZSM-5 HZSM-5
Material n-butane n-butane n-butane
Temperature 650 650 650
°c)
Passing Time 2 50 2 50 2 50
(hrs.)
Material 94. 9 91. 5 96.3(92. 7 93. 8 |90. 2
Conversion
ratio (%)
Ethylene 39. 0 34. 9 |[834.8{31. 0 {37. 83 |86. 0
Propylene 14. 8 14, 5 21.4122. 0 14. 7 115. 8
Butanes 0. 6 0. 6 2.6 4. 1 0. 6 2. 1
Y lAromatics 5. 2 6. 2 2.8 2. 7 4. 0 2. 4
* | Methane 16. 3 15. 2 13.71183. 0 15. 8 |15. 2
wt | Ethane 14. 3 12. 9 13.9(13. 4 13. 3 |13. 2
% |Propane 1. 0 2. 2 1.2 1. 8 1. 1 1. 1
I sobutane 0. 7 0. 9 0.3 0. 8 1. 0 1. 3
Cs.. Coke 2. 2 2. 1 2.8 1. 8 2. 0 2. 1
Co 0. 6 2. 1 1.2 1. 1 4, 2 1. 6
c02 0 0. 9 0.8 0. 8 4. 3 0. 8
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Propylenel 4. 81 4. 52 1. 422. 01 4. 71 5. 3 Butanes0. 60. 62. 64. 10. 52. 1
YAromati cs5. 26. 22. 82. 74. 02. 4 Methanel 6. 31 5. 21 3. 71 3. 01 5. 81 5.
2 wtEthanel 4. 31 2. 91 3. 91 3. 41 3. 31 3. 2 %ropanel. 02. 21. 21. 31.
11. 1 | sobutane0. 70. 90. 30. 31. 01. 3 C5., Coke2. 22. 12. 81. 32. 02. 1
C00. 62. 11. 21. 14. 21. 6 C0200. 90. 30. 34. 30. 8 19 Table 4 Conparative
Exanpl e 6Conpar ati ve Exanple 7 Catal yst P-La/ HZSM 5Mh/ HZSM 5

Mat eri al n-fyH|angn- but ane Tenperature (C)65 065 0 Passing Ti me(hrs) 250250

Mat eri al 96.064. 680.454. 6 Conversion Ratio Ethylene3 8.92 2.223.21 7.7

Propyl enel 8.31 5.816.61 2.4 Butanes2.23.21.72.4 YAromati cs2.500. 70 Met hanel
4.59.818.81 0.4

Comparative Example 6 | Comparative Example 7
Catalyst P-La/HZSM-5 Mn/HZSM-5
Material n-butane n-butane
Temperature (°C) 650 650
Passing Time (hrs) 2 50 2 50
Material 96. 0 |64. 6 80. 4 |54. 6
Conversion Ratio
(%)
Ethylene 38. 9 |22. 2 23. 2 |17. 7
Propylene 18. 3 |15. 8 16. 6 |12. 4
Butanes 2. 2 3. 2 1. 7 2. 4
Y |Aromatics 2. 5 0 0. 7 0
Methane 14. 5 9. 8 18. 8{10. 4
wt | Ethane 13. 9 9. 3 12. 6 7. 9
% | Propane 1. 1 1. 4 1. 0 0. 4
| sobutane 1. 5 2. 3 1. 1 1. 7
Cs.. Coke 0. 9 0. 1 0. 8 0. 1
Co 2. 3 0. 5 4. 4 1. 8
c02 1. 1 0 6. 7 2. 1
5 As apparently shown by comparing Table 3 and Table 4, it is

understood that the use of the catalyst prepared in Comparative Example
extravagantly degrades conversion ratio and olefin yield in the case of
prolonging the distribution time, and deteriorates durability in long time
operation. On the other hand, the use of the catalyst prepared in
10 Examples of the present invention maintains the conversion ratio and

olefin yield at high values for a long time.

INDUSTRIAL APPLICABILITY

In accordance with the present invention, light olefins such as
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wt Et hanel 3.99. 312.67.9 %°ropanel. 11. 41. 00. 4 |sobutanel. 52.31.11.7 C5.,
Coke0. 90. 10.80.1 Co2.30.54.41.8 C021.106.72.1 5 As apparently shown by
conparing Table 3 and Table 4, it is wunderstood that the use of the

catal yst prepared in Conparative Exanple extravagantly degrades conversion
ratio and olefin yield in the case of prolonging the distribution tine, and
deteriorates durability in long tine operation. On the other hand, the use
of the catalyst prepared in 10 Exanpl es of the present invention maintains
t he conver stihgiberidtpropsiche Mo Bnyagl be producgt stablieforfotong teppgwhiihre.

| NDUSTRI AL APPLI CABI LI TY I n accordance with the present invention, |ight

ol ef i ns subighagie2d of tA0yYecme grqatepyimpieyiagiaseons oc diyid yrdvduadensasbl y f or
along termwith high yield of 50 % or greater enploying gaseous or |iquid
hydr ocar bomageria el supprasding. ppmeediely sbgh prsodrmnatiodhy drocartmmet dx

hydr ocar bons or heavy substances. Further, production of olefin can be
carried ouheays Rubstegisaant vathey, paodwetiore el olelvndian by carriedeoutemper at ure of

cl ai mod 1 seoopomicRlTE ad@hFagedpe GADLIRS BF B FBhOERLA ot FEISoeRdRnG: of

hydr ocar bo . .
y lrz)wer than the conventional cracking method.
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maf erial characterized in enploying zeolite of penta-sil type conprising 5
rare earth el enents and at | east one of manganese or zirconiumas a
catalyst. 2. The process for producing olefin according to Claim1l, wherein
the contents of said rare earth elenents in said catalyst falls within the
range 10 of fromO0.4 to 20 expressed as atomc ratio of alum numin
zeolite. 3. The process for producing olefin according to Claiml1, wherein
the total contents of manganese and zirconiumin said catalyst falls within
t he rangeWd{atfis@haifhed is6 20 expressed as nole ratio of alumnumin zeolite.
15 4. The process for producing olefin according to Caim1l1, wherein said
catal yst further conprises phosphorous in an amount of fromO.1 to 5 % by
mole. 20 5. The process for_ producing olefin according to Claim1l, wherein
the mole tath eretessi for/ nraducingrolefin ey icasalyticsenagking afyBydiosathaym 25 to
800. 6. The praocess for producing olefin according to . Cdaiml, wherein a
catal yti ¢ Pedenipbghpsagtgrized dngemplaydne zepbte ok pente sif tydecsomp s

5 rare earth elements and at least one of manganese or zirconium as a

catalyst.

2. The process for producing olefin according to Claim 1, wherein the
contents of said rare earth elements in said catalyst falls within the range

10 of from 0.4 to 20 expressed as atomic ratio of aluminum in zeolite.

3. The process for producing olefin according to Claim 1, wherein the total
contents of manganese and zirconium in said catalyst falls within the
range of from 0.1 to 20 expressed as mole ratio of aluminum in zeolite.

15
4. The process for producing olefin according to Claim 1, wherein said
catalyst further comprises phosphorous in an amount of from 0.1 to 5 % by

mole.

20 5. The process for producing olefin according to Claim 1, wherein the mole

ratio of Si02/A1203 among zeolite in said catalyst is from 25 to 800.
6. The process for producing olefin according to Claim 1, wherein a

catalytic reaction is carried out under the presence of steam.

25
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