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ABSTRACT

Disclosed are a molecular sieve catalyst and a preparation method thereof to
produce light olefins from cracking naphtha catalytically in severe environments of hi gh
temperature and high moisture. In detail, the catalyst is prepared by spray-drying and
calcining the mixed slurry, in which 0.01~5.0 wt% of MnO, and 1~15 wt% of P>QOs are
stmultaneously 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.
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CATALYST FOR CATALYTIC CRACKING OF HYDROCARBON,

WHICH IS USED IN PRODUCTION OF LIGHT OLEFIN AND
PRODUCTION METHOD THEREOF

Technical Field

. The present invention 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 atmosphere of high temperature and
humidity, has a relatively stable structure and can maintain its catalytic activity, and a

method of preparing the same.

Background Art

Porous inorganic materials having a framework of -Si-OH-Al- groups have been
widely used in the field of porous molecular sieve catalysts because they have abundant -
pores, large specific surface area, and many active sites and acid sites.

This porous molecular sieve catalyst is used in, for example, heterogeneous
catalytic reactions, such as various oxidation/reduction reactions, including catalytic
cracking reactions, isomerization reactions and esterification reactions, particularly
heterogeneous 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 1t 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 fime,
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,
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which is used for microporous molecular sieve catalyst, decreases drastically the reaction
rate of naphtha catalytic cracking.

In other hand, in order to achieve high yield of ethylene and propylene in naphtha
catalytic cracking process, it is required to control the characteristic of acid site in
microporous molecular zeolite. If the amount of acid site is large or strength of acidity is
strong relatively, dehydrogenation reaction is faster, and so the yield of saturated
hydrocarbons such as methane and aromatics such as benzene, toluene and xylene,
‘increases.

On the other hand, if the amount of acid site is small or strength of acidity is weak
relative, conversion of hydrocarbon decreases and so light olefins decrease.

As mentioned above, in order to produce light olefins effectively from
hydrocarbons such as naphtha by catalytic cracking using catalyst, many characteristics of
catalyst are required. Specially, the thermal-stability is considered to be the most important
factor because the catalytic cracking catalyst is operated in conditions of high temperature
and high humidity. Many researches have been proposed to increase thermal-stability:.

Regarding these methods, US patent No. 5,039,644 discloses a method using
phosphate in preparing a catalyst which is stable in high temperature, which comprises
0.5~15 wt% of P,0Os imbedded in porous metal oxides such as TiQ,;, ZrQ,, TiO,-ZrO,
mixture, TiO;-Al,O3 mixture, or ZrO,-Al,0; mixture. However, this patents does not
explain how to achieve high yield of light olefins from catalytically cracking hydrocarbons
using zeolite.

US patent No. 4,977,122 discloses a hydrothermally stable catalyst, which
comprises: (a) a crystalline zeolite; (b) an inorganic oxide matrix (e.g., silica, alumina,
silica-alumina, magnesia, zirconia, titania, boria, chromia, clay, etc.); and (¢) discrete
particles of phosphoms—cbntainjng alumina also dispersed in said matrix, said discrete
particles having been prepared by contacting alumina with a phosphorus compound
sclected 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

contaiming 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
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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 (S10,/Al,03 = 15-60; selected from ZSM-5, ZSM-8
and ZSM-11 zeolites containing 2-8 wt% of P,0s and 0.3-3 wt% of Al,O; or MgO or CaQ),
in which the starting materials of said aluminum or magnesium or calcium compounds are
selected from aqueous solutions of their nitrates, hydrochloride, or sulfates. Particularly,

the catalyst is described as showing excellent olefin production even when pretreated in an

atmosphere of 100% steam at 800 “C for 4-27 hours. However, in said patent, technology

for adjusting/selecting and loading the specific chemical species of P is not disclosed, the
added metals are limited to Al, Mg and Ca, and a conventional water-soluble metal salt is
used so that the Al, Mg or Ca cations, which are generated during the preparation of the
catalyst, can be easily ion-exchanged with the protons of zeolite, resulting in the loss of
acidic sites. For this reason, it is believed that it is not easy to prepare the catalyst
proposed in said patent under the specified synthesis conditions.

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 P,QOs
1~10 wt.% RE203 0~10 wt.%, transition metal (Fe, Co, Ni, Cu, Zn, Mo, Mn) oxides
0.7~15 wt.% 1s completed by drying and calcination, and then mixed with clay and
inorganic bonding agents (silica, alumina, silica-alumina), followed by spray drying. The
present ZSM-5 1s silica-rich (higher Si/Al ratio) that may reduce aromatization and
- hydrogen transfer reaction. However, the silica-rich ZSM-5 is not economic for its
complicated synthetic method, weak for matrix performance and structural stability by
severe thermal treating with inorganic bonding agents and clay which are not stable at
high temperature steaming. It may cause reducing catalytic cracking activity of zeolite.

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 15~40°C

for 1~16 hours, semi-basic alumina from slurry of sodium aluminate and aluminum sulfate

at pH 7.5~9. The presént catalyst yields more LPG in residual oil cracking within b.p.
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315~528°C. 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 1s 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
catalyst‘ 1s made of zeolite 10~35 wt.%, inorganic oxides (Al;03, Si0,, Al,03-S10,) 5~90
wt.%, and clay 0~70 wt.%. Aluminum phosphate solution is used for treating zeolite, and
there 1s no explanation of the yield increment of hight olefins without the usage of rare
carth metal.

- In the US Patent No. 6,080,698, the pentasil-type zeolite catalyst for production of
light olefin by hydrocarbon catalytic cracking is prepared by ZSM-5 (S10,/AL0; =
15~60) treated P,0s 1~10 wt.%, alkaline earth metal oxides 0.3~5 wt.%, and transition
metal oxides 0.3~5 wt.%. The results with Mg, N1, Zn, Cu, and Ca for treatment of zeolite
are reported, while the result with manganese oxide 1s not explained. The phosphorus is
limitedly used to only modify zeolite with transition metal.

In the US Patent No. 6,080,303, the zeolite catalyst for production of light olefin
by hydrocarbon catalytic cracking is prepared by treating with aluminum phosphate
(AIPOy). The catalyst is prepared by 1) making and calcining ZSM-5 with modified with
phosphorus, 2) forming AIPO; by mixing AI(NO;); and NH4(H,PO4) at pH 7~9, 3)
treating phosphorus based ZSM-5 with AIPO4 and calcming. For treatment using AIPQO,,
both of dried state and wet gel state for AIPO4, may be possible. The completed catalyst has
a composition comprising of P 0.5~10 wt.%, AIPO, 1~50 wt.%, zeohite 5~60 wt.%, and
balanced binder or clay. In the present patent, P and AIPO, are used to improve
hydrothermal stabilization of zeolite, and the advantage of the result of hydrothermal
treatment of n-hexane is explained. However, there 15 no result before hydrothermal

treatment, and no explanation of the stabilization technology of binder and clay as P and

AlPO, are only used for treating zeolite. |
In US Patent 2006/0011513 Al, the catalyst made of ZSM-5, Beta, Mordenite,

Femerite, 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 ¥CC
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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.% 1s 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 1s 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;Os, SiO;, Al;03-SiO; 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 1s prepared by uniformly mixing ZSM-5 modified from Re,O; 1~30% with
alummum phosphate solution (Al;03:P;0s = 1:1~3, wt. ratio, P»Os: zeolite=1:5~99),
calcining, and steaming.

In the US patent 2006/0116544, it reports that by treating pentasil type zeolite
within rare earth metal and manganese or zirconium with phosphorus, hydrothermal
stability and yield of light olefin are improved. It is required that manganese or zirconium
is included together with rare earth metal and phosphorus in zeolite in order to improve the
yield of light olefin. Furthermore, direct injection of rare earth metal and manganese or
zirconium and phosphorus in zeolite is used as treating method. The purpose of this
technology is structural improvement like the previous ones, and there are no comments
about stabilization of inorganic binders or matrix contents.

In the US patent 4,956,075, the Y zeolite catalyst treated with manganese and rare
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 manganese to ZSM-5 may improve hydrothermal stability, reporting in
“Studies i Surface Science and Catalysis", V105, 1549(1996). However, there is only

explanation of hydrothermal stability, no explanation for production of light olefins by
hydrocarbon catalytic cracking.

In the US Patent 6,447,741, aluminophosphate treated by manganese is used for
catalyst of catalytic cracking, while there are no results of synthesis of catalyst and
application for hydrocarbon cracking. In addition, in this patent, it is not considered for
hydrothermal stability and catalytic characteristics of zeolite, clay and binder.

As explained above, transition metals such as manganese, phosphate and rare earth
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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 1imbedding 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 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 (1) 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 catalyst component, under
lgh temperature and high humidity for preparing the cracking catalyst with thermal-
stability.
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An aspect of the present invention provides a method of preparing the catalyst,
which 1s 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 MnQO; and 1~ 15 wi% of

P2Os are simultaneously supported on a catalyst component, wherein the catalyst
component compnses 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.

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 obtains high yield of light olefin in catalytically cracking
hydrocarbons more than C4 such as naphtha by protecting acid-site of zeolite. Due to

simple method of preparing the catalyst, it is easy and economical for mass production.

Description of Drawings

FIG 1 1s a schematic diagram of manufacturing the catalyst of this present

invention.

Best Mode

Compared to the previous inventions, the present intention discloses a new method
to achieve simpler catalyst manufacturing, high thermal-stability, and high yield of light
olefins m the area of producing light olefins from cracking hydrocarbons catalytically.

The method of manufacturing the catalyst of the present inventions is followed:

1. For preparing microporous molecular sieve catalyst, the maximal protection

of acid sites of zeolite are accomplished by imbedding manganese salt into zeolite in the



step of processing slurry of microporous molecular sieve catalyst and by not using the
zeohite which previously is irhbedded 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 1in 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
mto zeolite in the step of processing slurry, not in the previous steps of processing zeolite
directly, 1n order to obtain high yield of light olefins in catalytically cracking hydrocarbons
more than C4.

The catalyst 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,Os into 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:
(a) making mixed slurry by mixing phosphate precursor and 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 slurry, in which phosphate
precursor and manganese precursor ar¢ mixed into zeolite, clay and inorganic oxide
precursor, 1s prepared, as illustrated in FIG. 1, by steps comprising (i) manufacturing
slurry of zeolite and clay by adding and mixing clay after mixing zeloite and manganese
precursor; (11) manufacturing inorganic oxide slurry by mixing phosphate precursor and
manganese precursor into mnorganic 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 slurry, in which

phosphate precursor and manganese precursor are mixed into zeolite, clay and inorganic
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oxide precursor, is prepared by steps comprising (1) manufacturing zeolite slurry by
mixing zeolite and manganese precursor; (1) manufacturing inorganic oxide sluiry by
mixing phosphate precursor and manganese precursor into inorganic oxide precursor; and
(i11) 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.

The catalyst prepared by this method has not only improved hydrothermal stability
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 slurry formation for spray drying and mixing
progress are not proper.

Zeolite may be selected from the group consist of ZSM-5 (S1/A1<200, mole base),
ZSM-11, Ferrierite, Mordenite, MCM-22, SUZ-4, X-, Y-, and L-Zeolite. Zeolite with
S1/A1>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 sites of zeolite
possibly through agitating with manganese precursor in slurry mixture preparation step of
zeolite, clay and inorganic oxides, or zeolite shurry preparation. step.

It 18 desirable to use Mn precursor that the MnQO; is about 0.01~5.0 wt% based on
the final catalyst weight. In case that MnQO; is less than 0.01 wt%, the protection of acid
center and hydrothermal stability decrease. In case that MnQO, 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
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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, S10; or Al,03-S10; could be used as the binder of
inorganic oxidized precursor. For inorganic oxide precursor of catalytic cracking catalyst
in current mvention, inorganic oxide precursor has the form of sol, gel or solution
including Al,O;, Si0,, or Al;05-Si0;. 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 1s less than 1 wt%, the wear strength of micro-spherical catalyst could be
insufficient, whereas in the case that the amount of inorganic oxidized substance is higher
than 40wt%, the activity of catalytic cracking catalyst decreases

For phosphorus precursor of the present invention, it can be used of the aqueous
compound which 1s selected from the group of H;PO4, (NH,4)sPOs, H(NH,)2(POs) and
H>(NH4PO,), and 1t 1s desirable for its contents to have P,Os content of the final catalyst to
be 1n the range of 1~15wt%. In the case that P,Os content of the final catalyst is less than 1
wt%, the hydrothermal stability of zeolite decreases, whereas 1n the case that P,QO5 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 form,
imbedded to all of zeolite, clay and inorganic oxidized substance. These components
protect the acid center of zeolite and increase the hydrothermal stability of zeolite, clay
and inorganic oxidized substance to maximize the stability and activity of catalyst.

Finally, the catalyst for catalytic cracking by current invention is prepared by
spary-drying and calcining above mixed slurry at 500~700°C for 5~10 hours.

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 catalytic cracking reaction but also
iIsomerization reaction, alkylation reaction, esterification reaction and oxidation/reduction

reaction which require the high hydrothermal stability.

10
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Mode for Invention
Hereinafter, the present invention will be described in more detail using Examples.
It 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 slowly added with stirring for about 3 hours at the room temperature.
Next, the solution was dried with vacuum drying, followed by being calcined (650 °C, 6
hours). 89 g of La(NO;);6H,0 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 drnied with vacuum drying, followed by being calcined
(650°C, 6 hours). 25.5g of 85% HiPO, was dissolved in 3000mL of distilled water and
200g of calcined sample was added to the solution, followed by sturing 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,0 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). 25.5g of 85% H3;PO4 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% H3;PO,4 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).

11



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 8.4%, pH2~3) was used for binding zeolite and clay to make the microsheroidal
catalyst. Zeolite slurry, clay slurry and alumina sol were stirred ‘homo genously, followed '
by spraying, and drying. Next, thus prepared material was calcined at 650°C for 6 hours to
form the molded catalyst of the comparative example 4. With same procedure and method,
molded catalysts of comparative examples 5 and 6 were prepared using zeolite of

comparative examples 2 and 3.

Comparative Example 7

For preparing the zeolite slutry, 120g sample of comparative examplel was slowly
added to 200g of distilled water, followed by stirring. For preparing the clay slurry, 144g
of clay was slowly added to 176g of distilled water, followed by stirring. For forming
imorgarnic binder to make the microsheroidal catalyst, 439¢ of Alumina sol (solid
contents 8.4%, pH2~3) and 33.1g of 85% Hi;PO,; were homogeneously mixed. Zeolite
slurry, clay slurry and alumina sol-H;PQO, mixture were stirred homogenously, 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 arc summarized in the
below Table 1.

Table 1

vt IComparative [Comparative omparative bompaﬁtive
atalys
example 4 xample 5 xample 6 anrnple 7

composition, weight %

[:zeolitc ) 0.3
lay 7.9

T
|

WO O Sl
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omparative |Comparative |

Catalyst
i | xam?le 6 | example 7
Al O 12.3 1.5
9.1
4.7
S

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 shurry mixer, 144g 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% H3PO,; and 1.8g of MnCL,-4H,0 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;-4H,0 was used for ZSM-5 forming, 3.1g of MnCl,-4H,0 and,

43.8g of H3PO,4 was used for inorganic binder) to form the catalyst of example 2.

Example 3-4
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, 144g of clay was slowly added to this solution for 3 hours. 56.7g of
Pseudo Boehmite(Al,O3 contents 72%) was dispersed in 498g of distilled water. Next for

preparing inorganic former, this dispered Pseudo Boehmite solution, 30.5g of 85% H3PQOy
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

13
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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,0 and,

51.3g of H3PO, was used for inorganic binder) to form the catalyst of example 4.

Example 5-6
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, 144g of clay was slowly added to this solution for 3 hours. 23.6g of
water glass (810, 29%) was added to 199g solution of aluminium sulfate(Al,O3; 8%), and
mixed. Next for preparing inorganic binder, this solution, 15.95g of 85% H:PO, and 1.8¢g

of MnCL,'4H,0 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,0O was used for ZSM-5 forming, 5.8g of MnCl,4H,0 and

71.2g of H3PO, 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
lCatalyst Iexample 1lexamp1e Ziexa;iﬁle 3&)(2115_16 %xmplw
Composition,
weight %
eolite 7.2 35.9 367  B4.8
lay ka7 43.1 4.1 |41.6
ALO; it4  Jt1o 125 |18
510, . L

_] Pr— p—
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examplue 2 xample 3 xar_flple thami)le
1 b b2 B3

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. 62.4 g of
Al(NOs):9H;0 was added to 220mL of distilled water, followed that 21.5g of 85% H3;PO,

and 1.3g of MnCl,"4H,0 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
calcined 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,-4H,0 was used for ZSM-5 forming,

5.8g of MnCl,-4H,;0 and 61.2g of H;PO,; 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);9H,0 was added to 220mL of distilled water,
followed by mixing with 21.5g of 85% H3PQO,. 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 AICl3-6H,0 were dissolved), followed by stirring for 3 hours.

This solution was titrated with ammonia water to make pH=11. After removing the

15



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-35 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 summanzed 1n the below table 3

Table 3

omparative

IC | Comparative
atalyst example 7 example 8 [;

xample 8 xample 9

Composition
welight%
'Zeolite
Eﬁ)/
Al,O4
510,
520; J
LaO
MnO,

» 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 steamed at 760 O 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.

16
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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.

Table 4

omparativeComparativelC ompérativ omparative
example 4 example 5 fxample 6 example 7

Product
distribution,
wt%
16.5 14.4 13.5

19.6 19.4 19.4

!
8 0 8.5

4.9 43 bo
1106 10.8 10.2
Cs (iso-C; | |
7.4 0.3 10.6
[ﬂ-Cs)
Table 5

’ ngamplel }Examﬂe 2 IExample 3 Example 4 ,Exa.n;ple 5 '
S N

Product 'dis'tribution,

wt%
I )
- 19.4 n1.8 1.7 20.5
Cy= 20.9 h0.0 19.8 h1.5
- 9.6 o1 10.1 01
3= 8 4.5 4.3
4 2.7 4 3
5 (150-Cs, n-Cs) 4.2 1.6 1.4
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Table 6

‘ . Example 6 ;Example 7 [Example 8 l

Product distnbution, wt%

Co= 08  Bl7 b1o ]

5 (150-Cs, n-Cs) F.O EA

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 morganic 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.

18
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CLAIMS:

. A hydrocarbon cracking catalyst for preparing light olefin from C4 or more than C4
hydrocarbon having a boiling point of 30-200°C, which 1s characterized in that 0.01-5.0 wt%
of MnO, and 1-15 wt% of P,Os are simultaneously supported on a catalyst component,
whercin the catalyst component compriscs 1-50wt% of ZSM-5 zeolite, 21-70wt% ot
clay, and 1-40wt% of an inorganic oxide,
wherein both MnO, and P,O5 are embedded on cach of the ZSM-5 zeolite, the clay

and the inorganic oxide in the catalyst component.

2. The catalyst of claim 1, wherein the ZSM-5 zcolite has a Si/Al molar ratio of less

than or equal to 200.

3. The catalyst of claim 1, wherein the inorganic oxide 1s Al;O3, S10; or Al,03-S105.

4, A method of preparing the cracking catalyst defined in claim 1, the method
comprising the steps of:
(a) mixing ZSM-5 zeolite, clay and inorganic oxide precursor with phosphorus
precursor and manganese precursor under stirring to prepare a mixing slurry; and
(b) spray drying the mixing slurry, followed by calcination, to form the catalyst;
whercin the step (a) comprises the steps of:
(1) mixing the ZSM-5 zeolite with manganese precursor, followed by
adding the clay and stirring the mixture to preparc a ZSM-5 zcolite/clay
slurry;
(11) mixing the inorganic precursor with phosphorus precursor and
manganese precursor under stirring to prepare an inorganic oxide slurry; and

(i1)  mixing the ZSM-5 zeolite/clay slurry and the inorganic oxide slutry

untiormly.

5. A method of preparing the cracking catalyst defined in claim 1, the method
comprising the steps of:

(a) mixing ZSM-5 zcolite, clay and inorganic oxide precursor with phosphorus

19



CA 02715171 2015-10-13

precursor and manganese precursor under stirring to prepare a mixing slurry; and
' (b) spray drying the mixing slurry, followed by calcination, to form the catalyst;

wherein the step (a) comprises the steps of:

(1) mixing the ZSM-5 zeolite with manganese precursor to prepare a
ZSM-35 zeolite slurry;

(11) mixing the inorganic precursor with phosphorus precursor and
manganese precursor under stirring to prepare an inorganic oxide slurry; and
(111)  mixing the ZSM-5 zeolite slurry, the inorganic oxide slurry, and clay

uniformly.

6. A method of preparing the cracking catalyst defined in claim 1, the method
comprising the steps of:
(a) mixing ZSM-5 zeolite, clay and norganic oxide precursor with phosphorus
precursor and manganese precursor undcr stirring to prepare a mixing slurry; and
(b) spray drying the mixing slurry, followed by calcination, to form the catalyst;
wherein the step (a) 1s carried out by mixing the ZSM-5 zeolite, clay and
inorganic oxide precursor, phosphorus precursor and manganese precursor at the

same time under stirring.

7. The method of any one of claims 4 to 6,

wherein the zeolite has a Si/Al molar ratio of less than or equal to 200.

8. The method of any one of claims 4 to 6, wherein the inorganic oxide precursor

comprises Al,Os, S10, or Al,03-S103, and 1s 1n a form of sol, gel, or solution.

9. The method of any onc of claims 4 to 6, wherein the manganese precursor 1s sulfate,

nitrate, chloride or acetate compound of manganese.
10. The method of any one of claims 4 to 6, wherein the phosphorus precursor 1s aqucous

phosphorus compound selected from a group of H3PO4, (NH4)3PO4, H(NH4):(PO4) and
Ho(NH4)PO,.
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11. A method for preparing light olcfins by catalytically cracking hydrocarbons of C4 or
higher which have a boiling point of 30-200°C in the presence of a catalyst, the catalyst being

characterized in that 0.01-5.0 wt% of MnO, and 1-15 wt% of P,0s are simultaneously

supported on catalyst components,

wherein the catalyst components comprise 1-50wt% of ZSM-5 zeolite, 21-70wt% of
clay, and 1-40wt% of an inorganic oxide, and

wherein both MnO, and P,05 are embedded on each of the ZSM-5 zeolite, the clay

and the inorganic oxide in the catalyst components.
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FIG. 1
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