[DESCRIPTION] [Invention Title] CATALYST FOR CATALYTIC
CRACKING OF HYDROCARBON, WHICH IS USED IN PRODUCTION OF
LIGHT OLEFIN AND PRODUCTION METHOD THEREOF [Technical Field]
TSE&E ﬁ&#r&lvention relates to a hydrothermally stable porous molecular
sieve catalyst and a preparation method thereof, and more particularly to a
hydrothermally stable porous molecular sieve catalyst, which, even in an
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zeolite. US patent No. 4,977,122 discloses a hydrothermally stable
catalyst, which comprises: (a) a crystaﬁine zeolite; (b) an inorganic oxide
matrix (e.g., silica, alumina, silica-alumina, magnesia, zirconia, titania, boria,
chromia, clay, etc.); and (c) discrete particles of phosphorus-containing
alumina also dispersed in said matrix, said discrete particles having been




In US publication No. 2005/0020867 Al, the catalyst for light olefin production
is disclosed, said catalyst is prepared by the steps comprising that ZSM-5
treated with P205 1-10 wt.% RE203 0-10 wt.%, transition metal (Fe, Co, Ni,
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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 g?oup, 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,



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.
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although it is well known that injection of phosphate or transition metals into
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manganese precursor 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 slurry3, in which phosphate precursor and
manganese precursor are mixed into zeolite, clay and inorganic oxide
precursor, is prepared, as illustrated in FIG. 1, by steps comprising (i)
manufacturing slurry of zeolite and clay by adding and mixing clay after



In another examples prepared 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)
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_be used as the binder of inorganic oxidized precursor. For inorganic oxide
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substance is higher than 40wt%, the activity of catalytic cracking catalyst _
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1-15wt%. In the case that P205 content of the final catalyst is less than 1
wit%, the hydrothermal stability of zeolite decreases, whereas in the case that
P205 content of the final catalyst is higher than 15 wt%, the activity of
catalytic cracking decreases due to the excess loss of acid center.

Phosphorus and manganese contained in mixed slurry are in the dissolved



40.5 g of MnC12.4H20 was dissolved in 3000mL of distilled water, and 2009
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
sBgigccalcined (650C, 6 hours). 25.5g of 85% H3PO4 was dissolved in
3000mL of distilled water and 20%%%& calcined sample was added to the
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microsheroidal catalyst. Zeolite slurry, clay slurry and alumina sol were stirred
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ed water, followed by stirring. For preparing the clay slurry, 144g of clay
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comparative example 7. Chemical compositions of catalyst of comparative
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explains systematically how to prepare the cataysts 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 ([PO4]*) in -Si-OH-Al- frame which is Bronsted acid site
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47.9 47.947.9 44.8 Al203 12.3 12.312.3 11.5 Si02 - -- - P205 2.9 2.92.99.1
La5.1--4.7Mn02 2.6 3.0- 2.5

and dealuminated by steam.

However, thermal-stability is affected strongly by how to introduce phosphate into
zeolite. In order to introduce phosphate into zeolite to increase thermal-stability, previous
methods tried to inject phosphoric acid directly into zeolite. However, large amount of acid
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®* or phosphoric acid
decreases the reaction activity by positioning at entrance of zeolite pore. Additionally since
the previous methods tries to make only zeolite itself thermally stable, the problem is that the
microporous molecular sieve catalyst made by the zeolite does not have sufficient thermal-
stability.

Therefore, the present intention discloses a method to stabilize the catalyst for

long period in circumstances of high temperature and high humidity, a method to

maximize yield of light olefins by maintaining acid sites of catalyst after imbedding.

Disclosure

Technical Problem

The present invention provides a cracking catalyst using components to stabilize
the inorganic oxide binder and matrix component added to obtain mechanical strength along
with maintaining the structure of zeolite, which is a main catayst component, under high
temperature and high humidity for preparing the cracking catal yst with thermal-stability.

An aspect of the present invention provides a method of preparing the catayst,
which is easy for mass production and economical due to simple synthesis process, unlike the

existing method of preparing the catal yst.

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,Os
are simultaneously supported on a catalyst component, wherein the catalyst component

comprises1 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:

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

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



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 hours. Next, using high viscosity slurry mixer, 144qg of clay was slowly
Z[gged to this E%Iut{on and stirred for 3 hours. For preparing inorganic binder,
g o?%?omlna so?(solld contents 8.4%, pH2-3), 30.5g of 85% H3PO4 and

1.89 of MaCk 22l ERORSE MXSshRt ARGt dAkBiRata- SRS 25olite- %ﬁé«yst by

slurry, and inorganic binder were homogeneously mixed, fo?owe
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4.5g of MNnC122/1E20 was added to 376mL of distilled water, and 120g of
Z%‘f%:réo\%{% 9k 8y f9%his solution, followed by stirring at 60C for 6 hours.

Next, u Isl-u h viscosit slu mixer, 144 was slo ed 1o thls
solutlon ﬁours 5 %g of a@ocgo mltac(g 3%30n aYgl /o) wad ="
inYepErsed in 4989 of distilled water. Next for preparing morganlc former, this
@d Pseudo Boehmite solution, 30.5g of 85% H3PO4 and 1.8g of

I\}%’r%L

gﬁ.lZO were mlxed at 35C for 8 hours. For preparing the inorganic

former, &,320,of QG ACI NS, AAEL NR e AU AL SAUTHLSHRShoo

stablllze ove ze e ¢l ay slurry, and inarganic were
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same procedure of exa lé)le 3.was %erformed except for the dlfferent amount
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glass (Si02 29%) was added to 199g solution of aluminium sulfate(Al203
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H20 was used for ZSM-5 forming, 5.8g of MNC124H20 and 71.2g
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nfakierizehnl compositions of catalyst of example 1-6 are summarized in the
below table 2 Table 2 Catalystexample 1 example 2 example 3 example 4

example dexapen|eloieOrapaRitent We gl b ite:a 7id &b ¢h 3§ pRdsshate or
trgrgs'l%on 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 process ng zeolite directly,
in order to obtain high yield of light olefinsin cata ytically cracking hydrocarbons more than
CA.



35.5Clay 44.7 43.1 44.1 41.6 48.1 42.6 AI20311.411.012.511.85.34.7
Si02 ----2.32.0P205

The catayst disclosed by the present invention for producing light olefins from
hydrocarbons more than C4 is manufactured by imbedding simultaneously 0.01~5.0 wt% of
MnO, and 1~15 wt% of P,Osinto catalyst components which comprise 1~50 wt% zeolite,
21~70 wt% clay, and 1~40 wt% inorganic oxide.

The catalytic cracking catalyst described above is prepared by the following steps:
(8 making mixed durry by mixing phosphate precursor and manganese precursor into
zeolite, clay and inorganic oxide precursor; (b) cacining the above mixed durry after spray-

drying.

In the examples of this present invention, the mixed durry, in which phosphate
precursor and manganese precursor are mixed into zeolite, clay and inorganic oxide
precursor, is prepared, asillustrated in FIG. 1, by steps comprising (i) manufacturing slurry of
zeolite and clay by adding and mixing clay after mixing zeloite 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/clay

slurry and inorganic oxide slurry.

In another examples prepared by this present invention, the mixed durry, 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 durry, the catalyst for cataytic
cracking by the present invention is prepared by calcining 5~10 hoursin 500~700



588.1589.23.3130La0------ Mn02 0.91.90.9 2.6 0.8 2.2 Example
7-8 4.5g of MNnC12 AH20 was added to 376mL of distilled water, and 90g
of ZSM-5 was added to this solution, followed by stirring at 60C for 6 hours.

Next, usiﬁ@daialwiﬁr?%MWEwsrﬁié%dL%m&f&Wi WaRRaWRAeM ORIty
solution for 3 hours, 2"4% of _ _ _ o _
but higher light olefin yield in hydrocarbon catalytic cracking, protecting acid sites in zeolite.
Activity cannot be guaranteed if the ratio of each component of manganese, phosphorus,
zeolite and inorganic oxides in durry formation for spray 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, Ferierite, Mordenite, MCM-22, SUZ-4, X-, Y-, and L-Zeolite. Zeolite with
Si/AI>200 may reduce activity by little acid sites, and the synthesis for such zeolite is not
economical. Following the present research, the quantity of zeolite used is 1~50 wt % based

on whole catalyst weight.

Manganese precursor in this invention could be the one of sulfate, nitrate, chloride,

and acetate of manganese, and preferable precursors are chloride and acetate of manganese.

Improvement of light olefin yield is achieved by protecting acid Stes of zeolite
possibly through agitating with manganese precursor in slurry mixture preparation step of

zeolite, clay and inorganic oxides, or zeolite slurry preparation step.

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 MnO- 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-SIO, 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
Al;O3, SIO,, or Al,O3-SiOs. The desirable amount of the inorganic oxide isin the range of 1
~ 40wt% based on the final catalyst. When the amount of the inorganic oxide is less than 1

9



Al(NO3)39H20 was added to 220mL of distilled water, followed that 21.5g of
85% H3PO4 and 1.3g of MNnC12$1120 were mixed at 35C for 8 hours. Above
zeolite-clay slurry and this solution were homogeneously mixed, followed by

wii v e WRAgINH nAtiBI PRiNEF alENRE JURPBE ﬁ%fﬁ&@ﬁr%k@é@dﬁttﬁé case
example 7 was formed. The same Erocedure of example 7 wa

theb O ABI Y 2ot HTORRE 2R BriSdNANS *‘fﬂo‘éolﬁﬁ‘%siiﬁ%%‘éty of
catslgtic tladdrofdstal§d 2dred@svas used for ZSM-5 forming, 5.8g of
MnC12X1E20 and 61.2g of H3PO4 was used for inorganic former) to form

the catalyst of example 8 Comparative example 8 1209 of ZSM-5 was
stirred @itAMBFBAIUD PERGITE Gl dher PEasERk irtysri @@mp@mt@ealmdeoﬁélnﬁs’:\queous

MBI GBIONSVISRRRILY FIIMRBIRSuE 4401 RiPelay émﬂﬁ )StRYIV-RAES (80 isnd
olution for 3 hours. 62.4g of AI(INO3)39H20 was added to 220mL of distilled

Q't@ﬂp%ﬂo@(/‘gdt I Rk SRS OBIR 8P L8RV 3P £ORE L T e et yst fo be
irstbemaagecbtHis 150t #hom Wereadecheo feDeanidyitroitbel fifell caralgbis sesatysngl wi%o,

r I 0 h
e e e R e B L X B e
finghsaialyeid sanitlees e Loniqusugbolytionogd ysg @ﬁhﬂ@l@@m@@@ the
el 080 5A L it Okwere 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 650C for 5 hours, MnAIPOx

was pmpqnmfu@%nﬁg obhdakie ortaithé? (g rofxéd Mebryere idtheddiesaded tdrm,
|st|I ixed to form MnAIPO Iurry reparin
B A R BT S s e SRS AR e

th@r&té@afﬁlﬂ %ggabteaﬂmin n%\eg‘a(fs@hmot@tﬁ%m salw}atymﬁ 2eg)ite by nqrganic
oRDf&layIsidHE iR hRme grneMsh ke siiatpwediaygpraying, drying, and

being calcined at 650C for 6 hours to form the catalyst of comparative
example 9. Chemical compositions of catalyst of example 7-8 and

comp#iativg eaapl gsBror axgaBriv oratkiag bp the ddeiovetableis pratied by spary-
ay g BRI RO ARR AN R Ry S BYBMIBR 158 B ol
The prepared catalyst 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 catal ytic 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



Example 8 Example 9 Composition weight% Zeolite 34.8 37.8 42.0 39.9
Clay 55.8 45.3 50.4 37.0 Al203 Si02 3.3-2.7-3.0-20.0 - P205 5.1

is to be understood, however, that these examples are not to be construed to limit the scope of

the present invention

Comparative Example 1: Preparation of P-La-Mn/ZSM-5

40.5 g of MnCl;-4H,0 was dissolved in 3000 mL of distilled water. To the solution,
200g of ZSM-5 was dowly added with stirring for about 3 hours a the room temperature.
Next, the solution was dried with vacuum drying, followed by being calcined (650 °C, 6
hours). 89 g of La(NOs)36H,0 was dissolved in 3000mL of distilled water, and 200g of
cacined sample was added to the solution, followed by irring 3 hours at the room
temperature. Next the solution was dried with vacuum drying, followed by being calcined
(650°C, 6 hours). 25.5g of 85% H3PO, was dissolved in 3000mL of distilled water and 200g
of cacined 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 2: Preparation of P-Mn/ZSM-5

40.5 g of MnCl»-4H,0O 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 cacined (650°C, 6 hours).
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

25.5¢ of 85% H3PO, 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 cataytic cracking was prepared with using the
sample of comparative example 4-6, with following procedure.

For preparing the zeolite durry, 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 1769 of distilled water, followed by stirring. 439g of Alumina sol (solid contents

11



1194614La----Mn021.02.38-1.7 X Evaluation of catalyst activity X
For evaluation of catalyst activity, 14 catalyst samples of above comparative
examples 4 to 9 and examples 1 to 8 were steamed at 760 in an atmosphere

8954 080 -3ip o fesed 4 b1omiteiidd 1 Sctfsk cRndil n@fmaﬁy%aﬂmaommat catal yst.

reaction temperature was 675C, we }{?ht hour ace velocit WHSV

Zgphie Sapbrian YA DR ShiHssh ( REGTIoLRY: 6 |paisEp yaying,

mmgrmmnhuqumaﬁdltmamswmadm@dmﬁ 86081 or 6 hétnentotlierm the

niSiadhd OMé %&%ﬁ%\fﬁ%ﬁ%&%‘(ﬁﬁ' Sr%ﬁu'#g%é?'ﬁf Xbe'ﬁnol ded

were o ta ne by In P to make the micro-spherica cata yst
C@é‘d&@llﬁb GentRe @hé%@iﬁmﬁ}éﬁtﬁ) AR AREPPERRAEHeHDE AsPKitasfigagParative
& InNprpanic binder and clay Also Mn and P protect the acid center of
zeollte to achieve high light olefin yield. Table 4 Comparative Comp

arativ Com arativeCo rativeComparative
Qive Bxample 7 P

For preparing the zeolite slurry, 120g sample of comparative examplel was slowly
added to 200g of distilled water, followed by stirring. For preparing the clay slurry, 1449 of
clay was slowly added to 176g of digtilled 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% H3;PO, were homogeneousdy mixed. Zeolite slurry, clay
Slurry and alumina sol-HsPO, mixture were stirred homogenoudy, followed by spraying,
drying. Next, this was calcined at 650°C for 6 hours, and formed the molded catalyst of the

comparative example 7.

Chemical compositions of catalyst of comparative example 4-7 are summarized in the below
table 1.

Table 1
Comparative |Comparative Comparative |Comparative
Catalyst
example 4 example 5 example 6 example 7
composition, weight %
Zeolite 29.3 339 37.0 27.5
Clay 47.9 47.9 479 44.8
Al,O5 12.3 12.3 12.3 11.5
SiO; - - - -
P.Os 2.9 2.9 29 0.1
LaO 5.1 - - 4.7
MnO, 2.6 3.0 - 2.5

12



Comparative example 4 example 5 example 6 example 7 example 8 example
9 Product distribution, wt% C2- 16.514.413.513.311.214.4C3- 19.6 194
19.419.2

Example 1-2

4.5g of MnCl,-4H,0 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, 1449 of clay was slowly added to this solution and stirred for 3 hours. For
preparing inorganic binder, 439g of alumina sol(solid contents 8.4%, pH2~3), 30.5g of 85%
HsPO, and 1.8g of MNnCL>4H,O were mixed at 35°C for 8 hours. 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 1 was formed.

The same procedure of example 1 was performed except for the different amount of
samples (11.2g of MnCl;)¢H.0 was used for ZSM-5 forming, 3.1g of MnCl;%4¥H,0 and,
43.89 of H3PO, was used for inorganic binder) to form the catalyst of example 2.

Example 3-4

4.5g of MnCl)¢H>O was added to 376mL of distilled water, and 120g of ZSM-5 was
added to this solution, followed by stirring a 60°C for 6 hours. Next, using high viscosity
slurry mixer, 1449 of clay was slowly added to this solution for 3 hours. 56.7g of Pseudo
Boehmite(Al,O3 contents 72%) was dispersed in 4989 of ditilled water. Next for preparing
inorganic former, this dispered Pseudo Boehmite solution, 30.5g of 85% H3PO, and 1.8g of
MnCL ,¢H,O 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;%&H>O was used for ZSM-5 forming, 4.8g of MnCl;%4¥H.0 and,
51.3g of H3PO4 was used for inorganic binder) to form the catalyst of example 4.

13



18.119.2C2- 7.87.0856.4567.5C3- 49436.03.22.34.1C410.6
10.8 10.210.1 9.5 10.7

Example 5-6

4.5g of MnCl;éH,0 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. 23.6g of water glass
(SI0; 29%) was added to 1999 solution of aluminium sulfate(Al,O3 8%), and mixed. Next for
preparing inorganic binder, this solution, 15.95g of 85% HsPO, and 1.8g9 of MnCL>%H.O
were mixed at 35°C for 8 hours. 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 5 was formed.

The same procedure of example 5 was performed except for the different amount of
samples (11.4g of MnCl;)4H.O was used for ZSM-5 forming, 5.8g of MnCl,4H,0 and 71.2g

of H3PO,4 was used for inorganic former) to form the catalyst of example 6.

Chemical compositions of catalyst of example 1-6 are summarized in the below table

2

Table 2
Catalyst example 1example 2example 3example 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,Os 114 110 125 11.8 5.3 4.7
SiO; - - - - 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

4.59 of MnCl;%¢H-.0 was added to 376mL of distilled water, and 90g of ZSM-5 was

added to this solution, followed by gtirring at 60°C for 6 hours. Next, using high viscosity
slurry mixer, 144g of clay was sowly added to this solution for 3 hours. 62.4g of

14



C5(iS0O-05, n- 7.49.310.6 10.6 12.3 6.8 C5) Table 5

AI(NO3)39H,0 was added to 220mL of digtilled water, followed that 21.5g of 85% H3PO,
and 1.3g of MnCl,¢H,O were mixed at 35°C for 8 hours. Above zeolite-clay slurry and this

solution were homogeneously mixed, followed by spraying, drying. Next, after being
cacined at 650°C for 6 hours, catalyst of example 7 was formed.

The same procedure of example 7 was performed except for the different amount of

samples( 120g of ZSM-5 was used, 11.4g of MnCl,%H.0 was used for ZSM-5 forming, 5.8g
of MnCl;)¢H-0 and 61.2g of H3PO, was used for inorganic former) to form the catalyst of

example 8

Comparative example 8

120g of ZSM-5 was stirred with 376mL of distilled water, at the 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)39H,0 was added to 220mL of distilled water, followed
by mixing with 21.5g of 85% H3PO,. 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 agueous solution (22.8g of
MnCl;%H2.0 and 222.6g of AICI3)@H.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, MnAIPOXx 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 dlurry. 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 homogenoudy mixed, followed by spraying, drying, and
being calcined at 650°C for 6 hoursto form the catalyst of comparative example 9.

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

summarized in the below table 3
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Example 1 Example 2 Example 3 Example 4 Example 5 Productdistribution,
wt% C2- 19.519.4 21.8 21.7 20.5 C3- 21.4 20.9 20.019.8 21.5C2-9.1

Table 3
Catalys excample 7 example 8 Comparative  Comparative
Example 8 Example 9
Composition
weight%
Zeolite 34.8 37.8 42.0 39.9
Clay 55.8 45.3 50.4 37.0
Al,O5 3.3 2.7 3.0 20.0
SiO; - - - -
P20s 5.1 119 4.6 14
LaO - - - -
MnO, 1.0 2.38 - 1.7

Evaluation of catalyst activity

For evaluation of catalyst activity, 14 catalyst samples of above comparative
examples 4 to 9 and examples 1 to 8 were sseamed at 760  in an atmosphere of 100% steam
for 24 hours. The test conditions for evaluation was that reaction temperature was 675°C,
weight hourly space velocity (WHSV) was 8/hr, 6g of catalyst was loaded, 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.

16



9.610.110.19.1 5.85.84.54.33.9C49.39.77.47.38.4C5 (ISO-05, n-05)

4442161436

Table 4

ComparativeComparativeComparativeComparativeComparativeComparative

example4 example5 example6 example7 |example8 example9

Product
distribution,
wit%
Co= 16.5 14.4 135 13.3 11.2 14.4
Cs= 19.6 194 194 19.2 18.1 19.2
Co- 7.8 7.0 8.5 6.4 5.6 75
Cs- 49 4.3 6.0 3.2 2.3 4.1
Cs 10.6 10.8 10.2 10.1 9.5 10.7
C5 (iSJ-C5, n-

74 9.3 10.6 10.6 12.3 6.8
Cs)
Table5

Examplel [Example2 [Example3 [Example4 [Example5

Product distribution,
wt%
Co= 19.5 194 21.8 21.7 20.5
Cs= 214 20.9 20.0 19.8 215
Co- 9.1 9.6 10.1 10.1 9.1
Cs- 5.8 5.8 4.5 4.3 3.9
Ca 9.3 9.7 7.4 7.3 8.4
C5 (lSJ-C5, n—C5) 4.4 4.2 1.6 14 3.6
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Table 6 Example 6 Example 7 Example 8 Product distribution, wt% C2-
20.821.721.9 C3- 20.321.0223 (C2-9.89.59.8

Table 6
Example6 |[Example7 [Example8
Product distribution, wt%
Co= 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
Ca 8.5 7.6 7.0
Cs (is0-Cs, n-Cs) 2.0 24 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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473741C4857.67.0C5(iso-Cs,n-Cs)2.02424 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 ipnorder 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
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catalyst component, wherein the catalyst component comprises 1 to 50wt%
of zeolite, 21 to 70wt% of C‘[*I’é and 1 to 40wt% of an mcaggj;anlc oxide, and

4\wherefh DEER R BEFRAG e EaRKIDE AN TolRE A FOFBLIME WieH RHEORe% O

manel thiae Qg(bwdrocarbon having a boiling point of 30 to 200 , which is characterized in
that 0.01 to 5.0 wt% of MnO, and 1 to 15 wt% of P.Osare simultaneously supported on a
catalyst component, wherein the catalyst component comprises 1 to 50wt% of zeolite, 21 to
70wt% of clay, and 1 to 40wt% of an inorganic oxide, and wherein each ingredient of the
catalyst component is modified with the MnO, and the P,Os,

the method comprising the steps of:

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

(i) mixing the inorganic oxide precursor (sol, gel, or solution) with phosphorus
precursor (solution) and manganese precursor (solution) with stirring to prepare an inorganic
oxide durry; and

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

5. A method of preparing the cracking catalyst for preparing light olefin from C4 or
more than C4 hydrocarbon having a boiling point of 30 to 200 , which is characterized in
that 0.01 to 5.0 wt% of MnO, and 1 to 15 wt% of P,Osare simultaneously supported on a
catalyst component, wherein the catalyst component comprises 1 to 50wt% of zeolite, 21 to
70wt% of clay, and 1 to 40wt% of an inorganic oxide, and wherein each ingredient of the
catalyst component is modified with the MnO, and the P,Os,
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the method comprising the steps of: (i) mixing zeolite with manganese
precursor (solution), followed by adding the clay and stirring the mixture to
prepare a zeolite/clay slurry; (i) mixing the inorganic oxide precursor
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the steps of: mixing zeolite, clay and inorganic oxide precursor (sol, gel,

or solution), phosphorus precursor (solution) and manganese precursor
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MCM-22, SUZ-4, and L-type zeolite. 8. The method of any of claims 4-6,

wherein the inorganic oxide precursor comprises Al203, Si02 or Al203-Si02.,
89. Thel AFIMRAEPEARMOPERIBRSAE,; WHERThUBSd NorAY S rRee FFee i ah CyMprises
AsidiasiO)ibiate,ehdposle or acetate compound of manganese. 10. The

method of any of claims 4-6, wherein the phosphorus precursor is

water-soluble phosphorus compound selected from the group of 1-13P0O4,
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I—Géﬁ@l)[)%% prepared by spray-drying and calcining the mixed slurry, in which

0.01-5.0 wt% of Mn02 and 1-15 wt% of P205 are simultaneously imbedded in
catalyst which consists of zeolite, clay and inorganic complex. According to
the present invention, the method that manganese and phosphate are
imbedded simultaneously in zeolite and inorganic complex is used to
increases thermal-stability of obtained spherical catalyst, and increase olefin
yield of cracking hydrocarbon such as naphtha by protecting acid-site of
zeolite. To synthesize the required catalyst, the important procedures are
mixing ratio and mixing sequence of Mn, P, zeolite, and inorganic complex.
Fig 1
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