[DESCRIPTION] [Invention Title] CATALYST FOR CATALYTIC CRACKING
OF HYDROCARBON, WHICH IS USED IN PRODUCTION OF LIGHT
OLEFIN AND PRODUCTION METHOD THEREOF [Technical Field] The
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catalytic reactions requiring thermal stability under a severe atmosphere of high temperature

and humidity. In this case, however, the catalyst has problems in that, when it is placed in a

steam atmosphere of more than 500 °C, dealumination of its tetrahedral framework will

occur, leading to its structural breakdown, and at the same time, the acid sites of the catalyst
will be reduced, resulting in a rapid reduction in catalytic activity. Additionally, since high
mechanical strength is required for these microporous molecular sieve catalysts in order to be
used in massive fluidized catalytic petrochemical processes for naphtha catalytic cracking,
inorganic complex and matrix(clay)are used for producing spherical catalysts in these area.
Therefore, since microporous molecular sieve catalyst comprising many components
such as bonding agent, matrix, and porous molecules, maintaining thermal-stability for the
respective component is one of the most important factors to produce proper microporous
molecular sieve catalyst. For example, the collapse of matrix structure, which is used for
microporous molecular sieve catalyst, decreases drastically the reaction rate of naphtha

catalytic cracking.



microporous molecular sieve catalyst, decreases drastically the reaction rate

of naphtha catalytic cracking. 1 In other hand, in order to achieve high yield

of ethylene and propylene in naphtha catalytic cracking process, it is
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alumina also dispersed in said matrix, said discrete particles having been
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phosphorus-containing alumina also dispersed in said matrix, said discrete particles having
been prepared by contacting alumina with a phosphorus compound selected from the group
consisting of an alkaline earth metal salt(Be, Mg, Ca, Sr, Ba) of phosphoric acid or

phosphorous acid and mixtures thereof.

US patent No. 6,835,863 discloses a process for producing light olefins by

catalytically cracking naphtha (boiling point: 27-221 °C) using a pelletized catalyst

containing 5-75% by weight of ZSM-5 and/or ZSM-11, 25-95% by weight of silica or kaolin
and 0.5-10% by weight of phosphorus. However, there is no mention of the specific
phosphorus starting material or of the hydrothermal stability of the molded catalyst.
Meanwhile, US patent No. 6,211,104 discloses a catalyst for catalytic cracking,
which comprises 10-70 wt% of clay, 5-85 wt% of inorganic oxides and 1-50 wt% of zeolite.
The zeolite used in the catalyst consists of 0-25 wt% of Y-zeolite or REY-zeolite and 75-100
wt% of pentasil zeolite (SiO,/Al,03 = 15-60; selected from ZSM-5, ZSM-8 and ZSM-11
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In the US Patent No. 6,613,710, P-modified clay 40~80 wt.%, semi-basic alumina
1~20 wt.%, and ZSM-5 0.5~15 wt.% are used for the catalyst of catalytic cracking reaction.
P-modified clay are formed from treating clay and phosphoric acid at 15~40C for 1~16
hours, semi-basic alumina from slurry of sodium aluminate and aluminum sulfate at pH
7.5~9. The present catalyst yields more LPG in residual oil cracking within b.p. 315~528C.
This patent is not for host catalyst but for additive catalyst technology of LPG booster, and
there is no disclosure of hydrothermal stabilization improvement and production of light
olefins.

In US patent No. 5,670,037, ZSM-5 modified with rare earth metal, calcined by
aluminum phosphate sol is proposed for hydrocarbon catalytic cracking to increase light
olefin yield. It is prepared by mixing of P,Os and zeolite (wt. ratio of P,Os to zeolite is

1:5~99) in aluminum phosphate solution, drying, calcining, and steaming. The completed



In the US Patent No. 6,613,710, P-modified clay 40-80 wt.%, semi-basic
alumina 1-20 wt.%, and ZSM-5 0.5-15 wt.% are used for the catalyst of
catalytic cracking reaction. P-modified clay are formed from treating clay and
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stabilization technology of binder and clay as P and AIPO, are only used for treating zeolite.

In US Patent 2006/0011513 A1, the catalyst made of ZSM-5, Beta, Mordenite,
Ferrierite, and zeolite (silica/alumina > 12), which is treated with the mixed binder of
aluminum phosphate salts and metal phosphate salts, is proposed as an additive in FCC
process. The metal phosphate salts as binder are selected from IIA group, lanthanoids group,
Sc, Y, La, Fe, La, and Ca, and the content of phosphate is more than 5 wt.%, and 4~50 wt.%
is included in typical cases. In this patent, there is not shown chemical structures of
phosphate salts, which is not for active sites but for binders. Furthermore, there is also not
disclosed of improvement of olefin yield by using zeolite formed with manganese.

In the US patent 5,380,690, catalyst which comprises clay 0~70%, inorganic oxides
such as Al,O3, Si0,, Al,03-Si0; 5~99%, and zeolite 1~50% is disclosed, said catalyst is
pentasil zeolite catalyst with Y zeolite 0~25%, P,Os 75~100%. ZSM-5. Said catalyst is
prepared by uniformly mixing ZSM-5 modified from Re;O3; 1~30% with aluminum
phosphate solution (Al,03:P,0s = 1:1~3, wt. ratio, P,Os: zeolite=1:5~99), calcining, and
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comprising of P 0.5-10 wt.%, A1PO4 1-50 wt.%, zeolite 5-60 wt.%, and
balanced binder or clay. In the present patent, P and AIPO4 are used to
improve hydrothermal stabilization of zeolite, and the advantage of the result
sehfydrothermal treatment of n-hexane is explained. However, there is no
result before hydrothermal treatment, and no explanation of the stabilization
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As explained above, transition metals such as manganese, phosphate and rare earth
metals have been proposed to increase thermal-stability of catalysts and high yield of light
olefins from hydrocarbon catalytic-cracking. However, there is no previous report which
explains systematically how to prepare the catalysts for high thermal-stability and high yield
of light olefins. That is, there is no previous report as proposed by the present invention,
which describes imbedding acid site of zeolite by manganese, stabilizing inorganic complex
and matrix by phosphate and manganese in order to maintain the catalyst activity for long
period and increase yield of light olefins. Also, this present invention shows cost-effective
procedure for manufacturing catalyst by eliminating complex imbedding step and complex
processing spherical catalyst.

As described in above comparative patents, phosphate show high ability to increase
thermal-stability of zeolite catalyst. Phosphate increases thermal-stability by stabilizing Al

through acting as phosphate ion ([PO41Y) in -Si-OH-Al- frame which is Bronsted acid site
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earth metal is proposed for hydrocarbon catalytic cracking for gasoline with
higher octane number. However, the catalyst has less yield of light olefins
and hydrothermal stability than pentasil type catalysts. Addition of
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"Studies in Surface Science and Catalysis”, V105, 1549(1996). However,
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An aspect of the present invention provides a method of preparing the catalyst,
which is easy for mass production and economical due to simple synthesis process, unlike the

existing method of preparing the catalyst.
[ Technical Solution]

A hydrocarbon cracking catalyst for preparing light olefin from C4 or more than C4
hydrocarbon, which is characterized in that 0.01~5.0 wt% of MnO, and 1~ 15 wt% of P,0s
are simultaneously supported on a catalyst component, wherein the catalyst component
comprises 1 ~50wt% of zeolite, 21 ~ 70wt% of clay, and 1 ~ 40wt% of an inorganic oxide.

A method of preparing the cracking catalyst for preparing light olefin from C4 or
more than C4 hydrocarbon, the method comprising the steps of:

(a) Mixing zeolite, clay and inorganic oxide precursor with phosphorus precursor
and manganese precursor with stirring to prepare a mixing slurry; and

(b) spray drying the mixing slurry, followed by calcinations.



sites are lost according to these methods. Another method is to use
phosphoric acid and rare-earth metals, such as La, together. In this method,
large size of La 3+ or phosphoric acid decreases the reaction activity by
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processing slurry of microporous molecular sieve catalyst and by not using the zeolite which
previously is imbedded by manganese before slurry processing.

2. In order to increase mechanical strength of microporous molecular sieve catalyst,
the present invention stabilizes inorganic complex by injecting proper amount of phosphorus
and manganese contents in the step of processing slurry of inorganic complex.

3. By mixing zeolite slurry, inorganic complex slurry and clay in final, manganese
and phophorus contents could be imbedded in clay, zeolite and inorganic oxide

simultaneously so that the stability and activity of decomposition is accomplished to be

maximized.

As described above, although it is well known that injection of phosphate or
transition metals into zeolite to stabilize the catalyst structure, the present invention firstly
disclosed the effective method to stabilize inorganic complex and clay, and maintain the acid
sites of zeolite maximally by imbedding simultaneously manganese and phosphorus into
zeolite in the step of processing slurry, not in the previous steps of processing zeolite directly,
in order to obtain high yield of light olefins in catalytically cracking hydrocarbons more than

C4.



[Advantageous Effects] The present invention not only improves
thermal-stability of the catalyst by imbedding manganese and phosphorus in
the catalyst comprising zeolite, inorganic oxide and clay simultaneously, but
also obtgjpshighhyigldieldioby alrfiprii-aatabdicrlly reragiome Ly HacaRARS from
more than C4 such as naphtha by protecting acid-site of zeolite. Due to
h%?ﬁ?ﬁ?ébﬁiﬁtﬂwae&hﬁ?é{o%ﬁﬁa%aeﬁ}%% mgeéﬁgﬁg AHBdeBrRthcE o Mayse of
Mirogduetiar 1 I Degcup e, ofitd railygst dripoieist @ elohk roatipridiadram wi% zeolite,
2fapyieeuing s caalve! gl ibipigsant invention. [Best Mode] Compared
to the prewgus inventions, tlllﬂlegpresent Intention discloses a new method to
achieve simpler catalyst manufacturing, high thermal-stability, and high yield
of light ﬂl@@@ﬁl@im;ﬁz[@ﬁ’g@afm?ﬁ@ﬁgiﬂ&mﬂ%eg%ﬂf%&f@kﬂ.ﬁ@followin steps:
hydrocarbons catalytically. The method of manufacturing the catalyst of the .
(3 SRS ALTE FONoWEUR S BT RSALH iy ST o PR PRBTE URG iRy dnte
zaatelydhythedmaimdat protegifecusbradivl siteisiaf zeolitearenaedamplysited pray-
d}mﬂl}aedding manganese salt into zeolite in the step of processing slurry of
icroporous molecular sieve catalyst and by not using the zeolite which
previously is imbedded by manganese before slurry processing. 2. In order to

increasg, mechamiphl SRR HRIMICIARAMNMS MolasWarRigYe inaiast piBSHhate
present invention stabilizes inorganic complex by injecting proper amount of

PISRUSBhGIS BHEHHSY g RIESE YortentRiH th S5 Yttpralssing dorRpye oxide
piaQrganic pampteX adilBytmtedng FEnliteglutens domgaig cpmplesachting ainely of
SR LR MANgRNess; %‘E‘&Phc‘if hatus contents cauld;be imbedded In.clayy;,
zeolite and mgrganl oxide sirmu tzi]neoué?y sdgtﬁa?ttﬁe S%é%lﬁ%l and Iéc%ivﬁy bf
ngaeaipositionoisaceomiplisisidno be miakienipkebphadlaseriliedt alydvenanganese

pRUBRYY *i'h{Bi%&%ﬂ&@%‘kﬁ@é*}{f‘ééﬁﬂ&ﬁﬁ%Hdofif?ﬁﬁﬁ%gtﬁrf?foﬁ!}ﬁﬂ%ﬂ@%%t%ﬁ@ﬁélay
zeolite to stabilize the catalyst structure, the present invention firstly
slyrEE Rkttt ediFe iBthod to stabilize inorganic complex and clay, and

maintain the acid sites of zeolite maximally by imbedding simultaneously

mangange %ﬁo%‘edr g)pa(r)r?ﬁgso {)lrjesp)él?ég by this present invention, the mixed slurry, in which
phosphate precursor and manganese precursor are mixed into zeolite, clay and inorganic
oxide precursor, is prepared by steps comprising (i) manufacturing zeolite slurry by mixing
zeolite and manganese precursor; (ii) manufacturing inorganic oxide slurry by mixing
phosphate precursor and manganese precursor into inorganic oxide precursor; and (iii)

mixing uniformly the above zeolite slurry, clay slurry and inorganic oxide slurry.

In another examples prepared by the present invention, the mixed slurry, in which
phosphate precursor and manganese precursor are mixed into zeolite, clay and inorganic
oxide precursor, is prepared by simultaneously mixing zeolite, clay inorganic oxide

precursor, phosphate precursor and manganese precursor.

Finally, after spray-drying the above mixed slurry, the catalyst for catalytic

cracking by the present invention is prepared by calcining 5~10 hours in 500~700°C.



zeolite in the step of processing slurry, not in the previous steps of
processing zeolite directly, in order to obtain high yield of light olefins in
catalytically cracking hydrocarbons more than C4. 7 The catalyst disclosed

by the presenbifygtioRtorPIRLUENDABHE AlRTIRS iR REFaRIPERS MBIty
than C4 is manufactured by imbedding simultaneously 0.01-5.0 wt% of Mn02
buryeter 4 ghor BT84 hit CArARSE BB SRS MR ATCLS AR rgsolite-
Azedolite caBilo? BangUarataye difdile 40twt% krohganigpoxide ofl heugaiiaydicphosphorus,
cracking catalyst described aboyve is prepared by .the following steps: (a)
o B s S D R R R e o
pPyaReEursor into zeolite, clay and inorganic oxide precursor; (b) calcining the
above mixed slurry after spray- drying. In the examples of this present
invention, the mixed slurry, in which phosphate precursor and manganese
precursBroie MY 6 Dbl dhey Lo irtisit 53dde ﬁﬂéﬂﬁ%%f fole base),
ZpNepateteraisrillels ivaded e | SICM 2P SEPE-¢0RpAriSing i)l Mareddciuhagl séu ikyth
sOh 2500 G AN SRy ?é’u%‘?d'{;‘f AHd miying.clay afier MR ZRIoe and i is not
manganese precursor; (lPS anuffactunng fnorganic oxide slurrylby mixing
egshosperitd pleving dheaprdsavangancBethorewmisarahtedhsrasadicsdxidle wt % based
oRKEMESQta RBCWMNIXINg uniformly the above zeolite/clay slurry and
inorganic oxide slurry. In another examples prepared by this present
invention, the mixed slurry, in which phosphate precursor and manganese
precurselaagensiixpadaioz aoliis, islayrnd st ganie axide pietelrsdrats chloride,
BISPAEAPY shebs.comprising, () manulaciuring.geolie S B Mg e
Zeolite and maﬁganese precursor; (fﬁ manu?acturlng Inorganic oxide s rrysby
mixing phosphate precursor and manganese precursor into inorganic oxide

precursgi, RRAHIH: BIXIPG WIRIMIMENG abaveaanlile AUy Glay Sl eablite

inorganic oxide slurry. In another examples prepared by the present
PRSYERLHONSE ASHAHEINK), TGRS PRUSBILLE pYHENr YK WFdRITRAGHARSEEP of

ZERRUERDI Ak mibx el drtd des pdite e clidy shuiel i pefganion exigle precursor, is
prepared by simultaneously mixing zeolite, clay inorganic oxide precursor,

phosphate precursor and manganese precursor.
It is desirable to use Mn precursor that the MnO, is about 0.01~5.0 wt% based on

the final catalyst weight. In case that MnQ; is less than 0.01 wt%, the protection of acid
center and hydrothermal stability decrease. In case that MnO, is higher than 5.0 wt%, acid

center sharply decreases to lower the activity of catalyst.

For current invention, clay can be used in the range of 21~70 wt% based on the
final catalyst weight. In case that the amount of clay is less than 21 wt%, there are many
problems of controlling the physical properties such as wear strength and specific gravity. In

case that the amount of clay is higher than 70 wt%, catalyst activity could be decreased.

For the present invention, Al,O3, SiO; or Al,03-Si0; could be used as the binder of
inorganic oxidized precursor. For inorganic oxide precursor of catalytic cracking catalyst in
current invention, inorganic oxide precursor has the form of sol, gel or solution including
AlO3, Si0,, or Al,03-Si03. The desirable amount of the inorganic oxide is in the range of 1

~ 40wt% based on the final catalyst. When the amount of the inorganic oxide is less than 1

9



Finally, after spray-drying the above mixed slurry, the catalyst for catalytic

cracking by the present invention is prepared by calcining 5-10 hours in

500-700C. 8 The catalyst prepared by this method has not only improved
woxdiatheemalsiability et Dighesdigbhalglinyighdinihvdrreaibansaiaimite case

cracking, protecting acid sites in zeoljte. Actjvity cannot be guaranteed if the
Hal o rEMR PO e o R AThBRE o pASRSE, BoMEAkd Rorgdhily of
caxigésdndlingy fatmatiandoespray drying and mixing progress are not

proper. Zeolite may be selected from the group consist of ZSM-5 (Si/Al<200,

mole base), ZSM-11, Ferrierite, Mordenite, MCM-22, SUZ-4, X-, Y-, and

L-Zeolits. pheshberitRreSHAps 260 hm ayeretiute adiivityitbsplithe agdd Sfidke aaepous

chpsvntheaisos sUrR @goliteISIOL@GRNAMILAL FollewinedheieseNtro,) and

research, the quantity of zeolite used is 1-50 wt % based on whole catalyst
Har &G Matisihissde pralarion it tis IRV ish estierBi the' dhelBrktitake! o be

irilkaiten gehi o lid ey wardiaceiatscochm@pQ angsentaifchp rafelr ajiteypr &cless olisnalr evi %,
aordG and, ncelate ofimanganese, Jmerpvement,of H%‘%Hﬁ%‘?fﬂ‘d Q1480 of the
achieved y protectl?gg acid sites of zeolite pOSSIB|y ﬁwoug agitating with
finshagiahese praber seamid Slwify. iisaniey preplacatibriistepcling defiteasetaguarid the
IRIRRIG PXides. L zeolite slurry preparation step. It is desirable to use Mn
precursor that the Mn02 is about 0.01-5.0 wt% based on the final catalyst
weight. In case that Mn02 is less than 0.01 wt%, the protection of acid center

and hydephermadstability.deereasaidedcasenthat Mind? ischighke tiaswbed form,

. Wt%, acjd center sharply decreases to lower the activity Qf catalyst. Fo
A ol T B TR0 el el
theragiid acalgsoiveighie. anddassairahert dieibenmad ekt degepthiarc 2y suthanorganic

olhare A INARY tcPﬁQJ%'ﬁ‘qK&%_ %e%ﬁfﬂyﬁgdtﬁaipﬂy%@@é@%[?ertiefs SU_Ch as wear
strength and specific gravity. In case that the amount of clay is higher than

70 wt%, catalyst activity could be decreased. For the present invention,
A120Fi%iD2 e At2AQ315i0RApiddhekigetyasithatindeatief inatganie by spary-
drgyﬁ"?%'%% aﬁc?i%‘l‘lqrs%poﬁé’w%’égs?@'c gk‘%ﬁﬁﬁzﬁr?&rﬁ%%ﬁl}/&'c cracking
atalyst in currént invention, inorganic oxide precursor has the form of sol,
gel or Bestutioprindlemtiigpt according to the present invention is used as microspheroidal
molded catalyst for fluidized catalytic process producing ethylene and propylene from
hydrocarbons (carbon number is 4 or above) with high yield and high selectivity. Wherein

said hydrocarbons (carbon number is 4 or above) mean hydrocarbons which has boiling point

of 30~200°C.

Also, even in the condition of high humidity and high temperature, the catalyst
according to the present invention has high cracking activity and stability. Due to this feature,
the present catalyst can be used for not only catalytic cracking reaction but also isomerization
reaction, alkylation reaction, esterification reaction and oxidation/reduction reaction which

require the high hydrothermal stability.

[ Mode for Invention]

Hereinafter, the present invention will be described in more detail using Examples. It

10



A1203, SiO2, or A1203-SiO3. The desirable amount of the inorganic oxide is
in the range of 1 - 40wt% based on the final catalyst. When the amount of
the inorganic oxide is less than 1 9 wt%, the wear strength of micro-spherical

isGRiBlsi U banRruicientinshereasIRthe rase habibeameuMifthe scope of
inorganic oxidized substance is higher than 40wt%, the activity of catalytic

ther BERRTG '8X7ARR% decreases For phosphorus precursor of the present
invention, it can be used of the aqueous compound which is selected from

(e 9roup SLEIRE By B, G PR 8y HA(THAPOA), and Ttis

desirable for its contents to have content o nal catalyst to be in

the rafgé sl MBGAAHI thies chselitedir38 edmeasolledeviiteal chedlssqbition,

2@%50@1@§M§V%s gﬁ%@y%@éh%makt%tﬁpgifxﬂ%@@@%&@%@%@%&&h% Sriffure.
the case that P205 content of the final catalyst is higeher than 15 wt%, the

Neghivity sp'esenyiiesIgefing iedrasedrine iy ekes LB SYFRel (6ahieer: 6
h&Rhospaofus andiNOapgEsecadivained In alid@diskfisiled thetedissalvaidg of
C%P rirrpe’d irsre]lpne?ed%&iagoa%ﬂe%f %(():'\ q itee’scc):ll% O%n(;oiffg\gfgg ic Os)t(ljldrized35lfllgl§}sa rllcfethe room
ese con?ponents protect the acid center of zeo fte’and merease the
temyriretier Mgkt tabiiajuopreviitedrgdywahdvinorgadivingxidied slibstbeioe eglcined

(@RexIMYaRths. stability 85wl actvial calainsl MnaliyniDe calaivad tpkcatalytitos

cracking by current invention is prepared by spary- drying and calcining
Oﬁﬁwgﬁiﬁé@@mﬁﬂ%ﬁ%ﬁé—%é@f 4190 HBURYSFHY prépated Eatatyat the room
teageending ieiihehpredendinvenidend swikechasumidrosghésbidald mploleds calcined
(@L@ygtﬁc{{rg}uidized catalytic process producing ethylene and propylene from
ydracarbons (carbon number is 4 or above) with high yield and high
selectivity. Wherein said hydrocarbons (carbon number is 4 or above) mean

hydroggrapnawbielh Rk bobing PAIBh & BRIZIRN Also, even in the condition

of high humidity and high temperature, the catalyst according to the present

inventidr ha s hiRCeatliiRy etidity Arid StasImbr! 11l tedplie, 22008 of
Zpnseihcatialysiooan htutseddubwed bnlytieaialytioaraakingroeactaphutiadsNext

isomerization reactian, alkylation reaction, esterification reacti %
B A B A R AR g o
25.5g of 85% H3PO,4 was dissolved in 3000mL of distilled water and 200g of calcined sample

was added to the solution, followed by stirring 3 hours at the room temperature. Next the

solution was dried with vacuum drying, followed by being calcined (650°C, 6 hours).

Comparative Example 3: Preparation of P/ZSM-5
25.5g of 85% H3PO4 was dissolved in 3000mL of distilled water and 200g of ZSM-5
was added to the solution, followed by stirring 3 hours at the room temperature. Next the

solution was dried with vacuum drying, followed by being calcined (650°C, 6 hours).

Comparative Example 4~6

The microsheroidal catalyst for catalytic cracking was prepared with using the
sample of comparative example 4-6, with following procedure.

For preparing the zeolite slurry, 120g sample of comparative example 1 was added to
200g of distilled water, followed by stirring. For preparing the clay slurry, 144g of clay was
added to 176g of distilled water, followed by stirring. 439g of Alumina sol (solid contents

11



[Mode for Invention] Hereinafter, the present invention will be described in
more detail using Examples. It 10 is to be understood, however, that these
examples are not to be construed to limit the scope of the present invention

3 Gampasatys kxamplel bRERARIAR ohE-Lay NG AMBA MR G:aE MG Zatalyst.
4H20 was dissolved in 3000 mL of distilled water. To the solution, 200 of

25385 %Ws%i‘éﬁxﬁrk}lﬁ/dﬁéjd%r)ﬁﬂ@tr‘r%ﬁ%FHHB%P%“P\‘&%?FE’%%E?%BVW y Shraying,

aﬁérﬂp;&n@tuNExtNﬁxa hepselitinnenals wite chivite d/acwdni@iging, ioliswedtdyn the

(650 C. 6 _hours f 36£120 was dissol

] Sy B S % GG ER TR otcea

caalytiv wifelowedtby staings Roard & theraduapatednpengtueeliNest taanparative

esglifiaWas Hried with vacuum drying, followed by being calcined (650C, 6
hours). 25.5¢g of 85% H3PO4 was dissolved in 3000mL of distilled water and
200g of calcined sample was added to the solution, followed by stirring 3
hours ?Wé‘%dﬁrﬁﬁmg ature. Next the solution was dried with vacuum
dryingFidolpoepednyytizeirglcaldued 1(BROGMHIhotirs)mBomparatirepiEtample@vly

20JSPRBHAR & FeiRidpiis %Ho%gd%ﬂ{?ﬂ% 415‘&(% @é%?&%@'}!ﬁ? nAQ00mL o

of distilled water, and 200g of ZSM-5 was added e solution, followed by
clafirriras Fheviysaddade todriPeewipdisilied. Nagt tdlanadtidh Wi BgieHifierming

1IH§1%HHm diving «Jatiened oy Reing cadeinegh (04306 bpldlllﬁ}rllr%lsség(mlﬁﬁ%ntents
H3PO4 was dissalved i #1@35276%{;'_ of distilled water and 2009 of ¢ crned
I

8 S piE2 WA B ded #o° bR FBREWAUSSLhR %&rszﬁ? R 18 clay
sltemperramltmnhheXMhEP@dImmmwasedm edrwﬁhlvamgamnwryr rfglldimhdmled dpyaying,
2iNg [ our 5283[5‘3
d%%%&f@)!? laje%gg\(]o? gg%ﬁﬁ%ﬂoégo\;%gg dﬁgg%}ye?d In 30%%%? If of |stlfad[§ St of the
cHRBREY0E BFFPBI B was added to the solution, followed by stirring 3 hours at
the room temperature. Next the solution was dried with vacuum drying,

cﬁé‘lﬁ‘é’ﬁ%8}{;1%%'1!“&19%Fé@&%rgﬁ595611%!&%6%)%819&%%% %@Q@d‘inﬁ&%low

microsheroidal catalyst for catalytic cracking was prepared with using the
table 1.

Table 1

Comparative (Comparative |Comparative Comparative
Catalyst
example 4 example 5 example 6 example 7

composition, weight %

Zeolite 29.3 33.9 37.0 27.5
Clay 47.9 47.9 47.9 44.8
AlLO3 12.3 12.3 12.3 11.5
Si0, - - - -
P,0s 2.9 2.9 2.9 9.1
LaO 5.1 - - 4.7

MnO, 2.6 3.0 - 2.5

12



sample of comparative example 4-6, with following procedure. For preparing
the zeolite slurry, 120g sample of comparative example 1 was added to 200g
of distilled water, followed by stirring. For preparing the clay slurry, 144g of
ESlaYpwasy added to 1769 of distilled water, followed by stirring. 4399 of
Alumina sol (solid contents 11 8.4% Z}%%%Z;’Z was used for binding zeolite and
I

clay 16 reRERE Fiididmeraddstina BIRE"SHFscEIaY slaPsy AfdM-> was

addednio ahsoboleiens ivleovhd o gemnmgsly Gl ived hyspraidanag usanddgyingcosity
Next, thus ared. material was calcined at 650C. for 6 hours to.form, the

I &’%Fd% 3¢ caleiped al6aae JDoprs foformihe. k
° rl%)idlgg%%lta%ygt ‘of the comparative e&%an%’pfeli.Sﬁ’?}}tﬁ"éé‘rrhesp%%ed‘ﬁrg and

Prefteg inersldiéd isalkalykiBeotiod parati dikrnples S Biers. Bidpardcss %
HIPEI.RGUE 6f SARPARINS W RIAMRIGE? A for GUDRRIANSE XML Sy,

preparing the zeolite slurry, 120g sample of comparative examplel was slowly
argH eeized 2 G0efef Wikl kaunpesesotaliowdds josionierth b prpyasadng e Ngety after
bSIk 1341006 s01RY s Yaadded texdiBa af wistiligd.water, followed by

stirring. For forming imorgarnic binder to make the microsheroidal catalyst,
439g of Alumina sol (solid contents 8.4%, pH2-3) and 33.1g of 85% H3PO4
were Mbmegenpodslyim biectabedileval s st alay d slkreptandibduditiagent amount of

I-H3P ' tirred h foll ing, (ng.
SRR L e e B B EFb R e d PREct 0¥ oo Lot

48R thef [Egroparativeekannpleadicbieinical foom pesitianstaff catabyst of
comparative example 4-7 are summarized in the below table 1. Table 1
omparative Comparative omparative Comparative atalyst xample 4 example
5 xamipterspéxrhple 7 composition, weight % eolite 9.3 33.9 37.0 27.5 Clay

7.9 174% Q'Zf%@é'4H20 was added to 376mL of distilled water, and 120g of ZSM-5 was
added to this solution, followed by stirring at 60°C for 6 hours. Next, using high viscosity
slurry mixer, 144g of clay was slowly added to this solution for 3 hours. 56.7g of Pseudo
Boehmite(Al,O3 contents 72%) was dispersed in 498¢g of distilled water. Next for preparing
inorganic former, this dispered Pseudo Boehmite solution, 30.5g of 85% H3PO, and 1.8g of
MnCL,-4H,0 were mixed at 35°C for 8 hours. For preparing the inorganic former, 5.32g of
formic acid was added to this mixture and stirred until being stabilized. Above zeolite-clay
slurry, and inorganic binder were homogeneously mixed, followed by spraying, drying. Next,

after being calcined at 650°C for 6 hours, catalyst of example 3 was formed.

The same procedure of example 3 was performed except for the different amount of
samples (15.5g of MnCl,"4H,0 was used for ZSM-5 forming, 4.8g of MnCl,4H,0O and,

51.3g of H3PO4 was used for inorganic binder) to form the catalyst of example 4.

13



1203 12.312.312.311.5Si02-20s.92.9.99.1 a05.1.7 nO2.63.02.5
12 Example 1-2 4.5g of MnC12 4H20 was added to 376mL of distilled water,
and 120g of ZSM-5 was added to this solution, followed by stirring at 60C for
6 houis, NpXt.susing high viscosity slurry mixer, 144g of clay was slowly
added to this solution and stirred for 3 hours. For preparing |nor8gan|c binder,

439 881 GRYESHES M edRiERAS BIOMInpfalisiligd west b2 Qeap GAMvas
2dd89 ©f MOGHR:8K 20 wese Byixadiat 3pGoer Bhaulsudhove zealiargRYiscosity

slurry, and inor anlc binder were homogenequsly mixed, followed b

SupRaliRg™ c}r‘ﬁﬁﬁé’ Riax™axdlP heind ehie; 858{"6’6’6(5%? BOHSurS,; an?g Yatcoelass

(Siarrgie WwaﬁJﬂTmG@ngﬁilﬂmefpﬂOﬁéﬁium s fexanipbe &%vaeﬁ@mfmmeldxt for

PR TBNA OG- 1 1 TR JHcS S 43 Bl ot A SMHGhes TR0

wmergamd kindéftddio BnttbmScamky\m aéﬁnamipie QuirxamplenFehmdSgioder were
RO.W s of disti t 0]
h g adlfisd g A edwater and 1200 9143
Mé}%d% snélo%tlon % s Hing at 60C for hobré Riext, us%é:bﬁltg v
6\1’!@@@5@1‘}13]54%@9%%&116@4\&@6 6‘1’@11&9 was slowly added to this solution for 3
hours. 56.7g of Pseudo Boehmite(A1203 contents 72%) was dispersed in
498 of distilled water. Next for pr aring inorganic former, this dispered

Pseudd'BHERAAEREANRIShe FWRORI/OPESH GiFAPE G B it ameyet of

sangyesixed af ﬁﬁ@lﬁmgmwsmﬁarfar@swﬂgdhm@pw fROeIHE@B G011 .2¢
formic acid was added to this mixture and stirred unti] being stabilized. Above
of Hafite 8iay SRy, AAEANE IGHRR BTHEEP WS 6 ORIy SHEBEKY mixed,
followed by spraying, drying. Next, after being calcined at 650C for 6 hours,
cataly r T r
perforrénheé] g)%ig%%l 0%1 e dlge%%F %{ré}gint ? ga(ﬁnp es ?L% 59%{1‘nl\1€|r$&30§ W table
24H20 was used for ZSM 5 forming, 4.8g of MnC12 4H20 and,

Table 2
Catalyst example 1example 2example 3jexample 4example Sexample 6
Composition,
weight %
Zeolite 37.2 35.9 36.7 34.8 40.2 35.5
Clay 44.7 43.1 44.1 41.6 48.1 42.6
Al,O5 11.4 11.0 12.5 11.8 5.3 4.7
Si0, - - - - 2.3 2.0
P,0s 5.8 8.1 5.8 9.2 3.3 13.0
LaO - - - - - -
MnO, 0.9 1.9 0.9 2.6 0.8 2.2

Example 7-8

4.5g of MnCl,'4H,0 was added to 376mL of distilled water, and 90g of ZSM-5 was

added to this solution, followed by stirring at 60°C for 6 hours. Next, using high viscosity

slurry mixer, 144g of clay was slowly added to this solution for 3 hours. 62.4g of

14



51.3g of H3PO4 was used for inorganic binder) to form the catalyst of
example 4. 13 Example 5-6 4.5g of MnC12 4H20 was added to 376mL of
distilled water, and 120g of ZSM-5 was added to this solution, followed by

ARNIYALOP G afORRINPH SODGXL B REI RGN MISCOSITYwSHIIRY: DX, k4dd,0f1,PO,

clay was slowly added to this solution for 3 hours. 23.6g of water glass (SiO2
andyda,0hIMHtidedHe L 99t SystGH & SidmikitrHsUITARCAEoS-ge) sy and this

sanixsdl- Wext fefsyaraliag inpreaniecRinder othissaHiioniAmd5818i8aer being
H3PO4 and 1.8g of MNCL2.4H2Q were mixed at 35C for 8 hours. Above

O

cAeiBetbab ) S ST SAENE BirterRifef e R dRBgEneously mixed, followed
by spraying, drying. Next, after being calcined at 650C for 6 hours, catalyst
of example 5 was formed. The same procedure of example 5 was performed

except T6r B dPSFANTEhSYHERIE SAMRHREETPIReA S ieRtder Deadidesenffmeuatof
sdapegMddemisg, $8g afdMnC 124t MMa@ndH,b2ehsafsEBROASWES fesehios 8o

inorganic former) to form the catalyst of example 6. Chemical compositions of
ot MalystbtEkari b 2e oL FERAmMatsehRf iR sdTsviEme o fapidhe siabst of

c£UAMPLe 1 xample 2example 3 example 4 xample 5 example 6 Composition,
weight % eolite 37.2 35.9 36.7 34.8 10.2 35.5 Clay 44.7 13.1 44.1 41.6 18.1
12.6 1203 11.411.012.511.85.31.7 Si02 - - .32.0 P2055.88.15.89.2 .3
13.0 &Omparan®2 &:Hnbl6 9.9 2.6 ).8 2.2 Example 7-8 4.5g of MnC12 4H20

was a?ﬂ?gdotpzfﬁ\?—@ 'w‘é’g gtllsrpe!l(F gvﬂag%@mqu)fg cgguﬁgg vSvMérs, ¥3Re room temperature
for 6 hours. Next, using high viscosity slurry mixer, 144g of clay was slowly added to this
solution for 3 hours. 62.4g of AI(NO3);9H,0 was added to 220mL of distilled water, followed
by mixing with 21.5g of 85% H3;PO4. Above zeolite-clay slurry and this solution were
homogeneously mixed, followed by spraying, drying. Next, after being calcined at 650°C for

6 hours, catalyst of comparative example 8 was formed

Comparative example 9

13.2g of 85% H3PO, was added to the 576mL of aqueous solution (22.8g of
MnCl,-4H,0 and 222.6g of AlCI3-6H,O were dissolved), followed by stirring for 3 hours.
This solution was titrated with ammonia water to make pH=11. After removing the sediment,
drying at 100 °C, and being calcined at 650°C for 5 hours, MnAIPOx was prepared. 32.6g of
MnAIPOx and 120g of ZSM-5 were added to 200g of distilled water, and mixed to form
MnAIPOx/ZSM-5 slurry. For preparing the clay slurry, 111.4g of clay and 176g of distilled
water were used with above procedure. 439g of alumina sol(Solid contents 8.4%, pH2~3),
zeolite slurry and clay slurry were homogenously mixed, followed by spraying, drying, and

being calcined at 650°C for 6 hours to form the catalyst of comparative example 9.

Chemical compositions of catalyst of example 7-8 and comparative example 8-9 are

summarized in the below table 3
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added to this solution, followed by stirring at 60C for 6 hours. Next, using high
viscosity slurry mixer, 144g of clay was slowly added to this solution for 3
hours. 62.4g of 14 A1(NO3)39H20 was added to 220mL of distilled water,
followgghihat 21.5g of 85% H3PO4 and 1.3g of MnClz 4H20 were mixed at
35C for 8 hours.-Above zeolite-clay slurry and-thissolution were :
homogengausly mixed.followed by spraving ryinG ORBH Gffer eipparative
calcined at 650C for 6 hours, catalyst of example 7Rxasptr$red. Erengsete
proced e of es‘l':lslmple T-was performed-exceptfor the differentamount of
sampIeL;é( f%)g of ZSM-5 was used, 11.4g of MnClz 4H20 was used for
ZSM-5 feerein®, 5.8g of MnClz 4H20 and 61.2g of H3PO4 was used for
inorganig.fgpimer) to forpy thie catalystpf gexample 8,6 gmparativegrgmpie 8
1209 of ZSM-5 was stirred with 376ml_of distilled water, at the room
tempereffllf’r% for 6 hoursd Rlext, using“*ﬁéh viscosity5§1ﬂrry mixer, ﬂ@g of clay
was slowlyadded to this,3solution forB-hours. 62.4g.0f AI(NO3)39b180 was
added tg%’gfml_—e#dm. istilled water, followed by mixing with 21.5g of 85%
H3PO4Above zeolite-clay slurry and this solution were homogeneously
mixed, Biowed by spréaying, drying. Neft, after beidg calcined at 650C for 6
hours, catglyst of comparative example 8 was formed Comparative example

9 13.2g/of 85% H3PO4 was added to the 576mL of agueous solution (22.8g
of MNCM820 and 222%g of A1C13:8#20 were dissolved), folldwed by
stirring for 3 hours. This solution was titrated with- ammonia water to make
pH=11. After removing the sediment, drying at 100 C, and being calcined at
650C for 5 hours, MnAIPOx was prepared. 32.6g of MnAIPOx and 120g of

%%ﬁmgﬁ%@ggg%[c&&g% %distilled water, and mixed to form
MnAIPOX/ZSM-5 slurry. For preparing the clay slurry, 111.4g of clay and

1769 ebdistiirdivater waig useaeivi) anoverpocadiiged 390,06 AUmiNparative
sol(Solid contents 8.4%, pH2-3), zeolite slurry and.clay slurry were
TR o) AT 55 AR gy BT Bl st
fcﬁrmmt_rﬁ hbeitsstocfoxdnithe ﬁataWanfomoquatativeae*mrqampﬁra@memhsame,
WEARPRItiaNs SheatalysLief expmels 78 andiroBRARtivG AYAMRIR BrAME and
naphtha(Boiling point 30~135°C) was used as reactant. Test results are summarized in Table

4~6.

From the result, it is obvious that high reaction conversion and high light olefin yield
were obtained by introducing Mn and P to make the micro-spherical catalyst according to the
present invention. Mn and P are effective for stabilizing zeolite, inorganic binder and clay.

Also Mn and P protect the acid center of zeolite to achieve high light olefin yield.
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summarized in the below table 3 15 Table 3 Comparative Comparative

atalyst xample 7 xample 8 Example 8 Example 9 Composition weight%

eolite 34.8 37.8 12.0 39.9 Clay 55.8 5.3 50.4 37.0 1203 3.3.7 3.0 20.0 Si02
Tab1£2055.111.91.6 1.4 LaO - n02 1. 0 .38 - 1.7 X Evaluation of catalyst

CreepRsafive

example 9

nr‘tl\m‘\/ X_For-evaluation-of anl\/c . lyst qunlpc of above
comparative COBRHBINE GABRIARYECORPIE SCMP e SImREN
an atmosphere;afnjmop sﬁﬁﬁm 5‘0re24nli]ﬂtﬂﬁs. J&eﬁﬁsﬂcoafhﬁms Sor

cnaca

o

thn
l{QLIUI rwas l.I I(J.L ICQbLIUI I LCI LI ¥

city (WHSV) was 8/hr, 6g of catalyst was loaded, and naphtha(Boiling

A70 H + I~
I(J.LUIC was UIrov, we UIIL IIUUIIy

dpsihe@91.135C) was used as reactant. Test results are summarized in Table
wigb. From the result, it is obvious that high reaction conversion and high light

olefin vmld \

nvere obtained hv intro umnn Mn and P to make the

Ceficro- sphen&ﬁl atalyst]éc‘&ordmg s} tfhe pre<le3n§ inventidh:2Mn and'®-4re
ceffective for ma,blllzmg zeplite, inorganic bindergamd clay. 18lso0 Mn aipgl P
ig-center {*f zeolite-to achieve-high light-olefjn yield.--16_Table 4
CEfomparative Omparative (qomparat veComparative Comparative Comparative
Cs- 4.9 6.0 3.2 2.3 4.1
Cy 10.6 10.8 10.2 10.1 9.5 10.7
Cs (iso-Cs, n-
7.4 9.3 10.6 10.6 12.3 6.8
Cs)
Table 5
Example 1 |Example 2 [Example 3 [Example 4 [Example 5
Product distribution,
wt%
Co= 19.5 19.4 21.8 21.7 20.5
Cs= 21.4 20.9 20.0 19.8 21.5
Cs- 9.1 9.6 10.1 10.1 9.1
Cs- 5.8 5.8 4.5 4.3 3.9
Cy 9.3 9.7 7.4 7.3 8.4
Cs (iso-Cs, n-Cs) 4.4 4.2 1.6 1.4 3.6
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example 4 example 5 example 6 example 7 example 8 example 9 Product

distribution, wt% C2=16.514.413.513.311.214.4 C3=19.619.4194

19.218.119.2 C2-7.87.0856.4561.5 C3-4.9t36.03.22.31.1 C4
Tdebs10.8 10.2 10.1 9.5 10.7 C5 (Iso-C5,n 7.4 .310.6 10.6 12.3 .8 CO

—Table 5 xample 1 xample 2 xample 3 xample 4 xample 5, Product

xa@Bte 1.4 20.9 20.0 19.8
51339 C4939.7747.384

6 JExample 7
3=0.321.022.3

distribution, wt% C2ExX@05ld 9.4 Zk8nplk 7 20
215 C2-9.19.610.110.19.1 C3-5.85.84.51.33.
POEWisd:@Hui@5\t% 1.2 1.6 1.4 3.6 17 Table 6 Example
Example 8 Product distribution, wt% C2=0.8 21.7 21.9
Ceo2- 89598 20.8 21.7 21.9
Cs= 20.3 21.0 22.3
Co- 9.8 9.5 9.8
Cs- 4.7 3.7 4.1
Cy 8.5 7.6 7.0
Cs (is0-Cs, n-Cs) 2.0 2.4 2.4

As disclosed above, the catalyst according to the present invention is characterized in

that for achieving high yield of light olefin, zeolite acid point is treated with Mn, and in order

for thus treated zeolite to achieve high activity in the catalyst structure, P and Mn are used to

stabilize the inorganic oxide binder and matrix component.

The present method for

preparing catalyst has advantages from the point of expense comparing the prior art which

generally comprises complicated imbedding steps for zeolite.
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C3-t.73.7t1 C4857.67.0 C5 (iso-C5, n-C5) .0 2.4 2.4 As disclosed

above, the catalyst according to the present invention is characterized in that

for achieving high yield of light olefin, zeolite acid point is treated with Mn,

@@9 Al?l\ﬁ) (ier for thus treated zeolite to achieve high activity in the catalyst
ricture, P and Mn are used to stabilize the inorganic oxide binder and

matrix component. The present method for preparing catalyst has

advantages from the point of expense comparing the prior art which

1 génbrdiRFedRipAEESIB hibatePinRERgE Sy kb s fbinzBBMeC4 @TCnmeMisyn £4

hARydresarkenriciacking -catalysh ioapoenasnowighbpafiofram CA418rweRrer P,Os
than C4 h%dr))carbon, which is characterized in that 0.01-5.0 wtO/T of Mn02
0

iR Do BPOE %P8 dinfaitARE SEEN WiBhoteddh Hiz Attt component

ceapipenertsovhereiiztoitcalaly Searmpo tant acd Mprisesd oatwitrahizealite,
21 - 70wt% of clay, and 1 - 40wt% of an inorganic oxide. 2. The catalyst of
claim 1, wherein the zeolite has a Si/Al molar ratio of less than or equal to

2200; eatalyst sé€ldeted! fraheidie hroweploehsistisg Af ASIM-f1ig SMeld heeiedte] to

2hbordanitee MMt A4 butt-URG £5QIIBE 25 YRE ZEHITA, %ﬂikf%?%?@éﬂﬁe,

3. The catalyst of claim 1, Wherein the inorganic oxide is A1203, SiO2 or
MM B3-81G4- 45118 serblgsY orRagrnlie. whbkeipthee @iteor more than C4
hydrocarbon has a boiling point of 30-2000. 5. A method of preparing the

SRR A0, BTGB BB R SHab Ay M) SERITS Uy anc

inorganic oxide precursor with phosphorus precursor and manganese

4 PIREUERAL WHR RHHMOIRPLRARLS BriXING ﬁl%ﬂﬁ%% & {01, BREMM BB AP oint of

mixing slurry, followed by calcinations. 6. The method of claim 5, wherein the
38tepd@¥ comprises the steps of: (i) mixing zeolite with manganese precursor,
followed by adding the clay and stirring the mixture to prepare a zeolite/clay

slurry;
5. A method of preparing the cracking catalyst for preparing light olefin from C4 or more

than C4 hydrocarbon, the method comprising the steps of:
(a) Mixing zeolite, clay and inorganic oxide precursor with phosphorus precursor and
manganese precursor with stirring to prepare a mixing slurry; and

(b) spray drying the mixing slurry, followed by calcinations.

6. The method of claim 5, wherein the step (a) comprises the steps of:

(i) mixing zeolite with manganese precursor, followed by adding the clay and stirring
the mixture to prepare a zeolite/clay slurry;

(i) mixing the inorganic precursor with phosphorus precursor and manganese
precursor with stirring to prepare an inorganic oxide slurry; and

(iii) mixing the zeolite/clay slurry and the inorganic oxide slurry uniformly.

7. The method of claim 5, wherein the step (a) comprises the steps of:
(i) mixing zeolite with manganese precursor to prepare a zeolite slurry;
(i) mixing the inorganic precursor with phosphorus precursor and manganese

precursor with stirring to prepare an inorganic oxide slurry; and
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(i) mixing the inorganic precursor with phosphorus precursor and manganese
precursor with stirring to prepare an inorganic oxide slurry; and (iii) mixing the
zeolite/clay slurry and the inorganic oxide slurry uniformly. 7. The method of
claim fi;yhsigaindheigr (RHGOMPIReS: e arsofy(ikm '&l}?u%ﬁ@}ﬁﬁwlth
manganese precursor to prepare a zeolite slurry; (ii) mixing the inorganic
precursor with phosphorus precursor and manganese precursor with stirring
81T peapatednintagarticvehdcenstberyreand) 19 ¢hiyindingihenraalitecslitsygltiyeand
PRGOS AR ST, ARSI G TG MEOR, 8 GBIM S O TE e
step %X & carried gut %)y mixing zeolite, clay and in rganic oxide
W;iﬁe@irrgw phosphorus precursor and manganese precursor at the same time
with stirring. 9. The method of claim 5, wherein the zeolite has a Si/Al molar
ratio of less than or equal to 200, and is selected from the group consisting

90t BERFBOG RiNIAT FethEtR MGFauIRS M IBola st o1 fypddpglifgial to
2004 e zeeém;mﬁdmtype greojjteoﬂsﬁ)stfﬁgaufrmhwd ar.shaim SFetieieinNhedenite,

]\)* |g%fp{ecurs re 1Blseg,oﬁl dLS 02 or 1203 SiO2, and is
orms c’> SO ?utloh 1 ﬁ'ﬁe mét ofyBFalm whereln the C4 or

more than C4 hydrocarbon has a boiling point of 30- 2000 12. The method of

1613t modarsinthe m%%aasse%%ﬁ@rdmyﬁ%rm}r@& BpQBlQr}Qﬁ(%r SiO; or
acetate com%ound of manganese. 13. The method of claim 5, wherein the

Alfsspiisrag Fe@ﬂ?%%ﬂ%"béﬁ%c?ﬂ%oﬂ)‘m%phorus compound selected from a
group of H3PO4 (NH4)3PO4, H(NH4)2(PO4) and H2(NH4)PO4 14. The
5 wher catal st componen

1111%})%01916 0 ‘HW{B 100 %Ier}ethet’ kgl}%w%get t&'? ha doiar 8 Wtaogo 5 a 0111ng point

comprising zeolite clay,
ofrﬁ@rg@ﬁﬂ:(bmde, wherein the catalyst component supports both of 0.01-5.0
wt% of Mn02 and 1- 15 wt% of P205 simultaneously. 20

12. The method of claim 5, wherein the manganese precursor is sulfate, nitrate, chloride or

acetate compound of manganese.

13. The method of claim 5, wherein the phosphorus precursor is aqueous phosphorus

compound selected from a group of H3PO4, (NH4):PO4, H(NH4),(PO4) and Ho(NH4)POy.

14. The method of claim 5, wherein the cracking catalyst has a catalyst component
comprising 1 ~50wt% of zeolite, 21 ~ 70wt% of clay, and 1 ~ 40wt% of inorganic oxide,

wherein the catalyst component supports both of 0.01~5.0 wt% of MnO; and 1~ 15 wt% of

P,0Os simultaneously.

20



