MFI STRUCTURE MOLECULAR SIEVE RICH IN MESOPORE, PREPARATION
METHOD THEREFOR, AND CATALYST CONTAINING SAME AND
APPLICATION THEREOF

Technical Field

The invention relates to a molecular sieve of MFI structure rich in mesopores
and a process of producing same, and a catalyst containing the molecular sieve and
use thereof.

Background

Since the 21 century, the fluctuation of crude oil price and the rapid progress
of technology promotes the development of the global petrochemical industry to
diversification of raw materials and low cost. Particularly, the rapid expansion of
petrochemical production energy in middle east areas rich in light hydrocarbon
resources, the development of North American shale gas and the Chinese coal
chemical industry and the like, bring great impact to the traditional petrochemical
industry taking naphtha as a raw material. The large-scale marketization of the
technology for producing ethylene from ethane also brings challenge to the
production of low-carbon olefins through steam cracking of naphtha. Relatively, the
conventional naphtha route has high economic cost and low competitiveness in the
production of ethylene, so that the development of a competitive chemical raw
material production technology is concerned.

The cracking reaction of hydrocarbons at high temperature is an important
process for converting long-chain hydrocarbons into short-chain hydrocarbons with
high added value, particularly low-carbon olefins and gasoline. Generally, the
cracking of hydrocarbons can be classified into a carbonium ion mechanism
(catalytic cracking) and a radical mechanism (steam cracking) in view of the
mechanism. The carbonium ion mechanism needs to act under the action of an acid
catalyst, for which the reaction temperature required is relatively low, and the
cracking product is characterized by the inclusion of propylene, while the free
radical mechanism generally results in reaction under the condition of thermal
initiation, and the cracking product is characterized by the inclusion of ethylene. In
fact, hydrocarbons undergo both carbonium and free radical reactions under
catalytic cracking reaction conditions. = However, due to the low reaction
temperature, the initiation speed of free radicals is low, such that the reaction

process mainly adopts carbonium ion reaction, resulting in a high yield of



propylene, and a low yield of ethylene . The ethylene/propylene ratio in the product
cannot be finely and freely controlled in a large range at present.

Catalytically thermal cracking of ethylene is a new way to increase the yield
of ethylene. The traditional process of producing ethylene by steam cracking has
the defects of high cracking temperature, strict requirements on raw materials and
the like. It is believed that the steam cracking produces ethylene by a free radical
reaction mechanism, and therefore the reaction temperature is high. In the
catalytically thermal cracking catalyst for producing a large amount of light olefins,
a ZSM-5 molecular sieve is generally used as an active component, and the
molecular sieve is adjusted to increase the yield of C3=-~C5 = olefins, so that the
ethylene yield is not very high.

CN1072032C discloses a molecular sieve composition for catalytic cracking
to produce ethylene and propylene with a high yield, which is prepared by activating
and modifying five-membered ring molecular sieves by P, an alkaline earth metal
and a transition metal at a molar ratio of SiO2/Al,03 of 15-60. The modified
molecular sieve contains 2-10 wt% of P20s, 0.3-5 wt% of alkaline earth metal oxide
and 0.3-5 wt% of transition metal oxide. The structure and active center of the
molecular sieve have high thermal and hydrothermal stability.

CN1147420A discloses a molecular sieve containing phosphorus and rare
earth and having an MFI structure, and the anhydrous chemical composition of the
molecular sieve is aRE>O3bNa;OAl,O3cP205dSi0; wherein a = 0.01-0.25, b =
0.005-0.02, ¢ = 0.2-1.0, and d = 35-120. The molecular sieve has excellent
hydrothermal activity stability and good low-carbon olefin selectivity when being
used for high-temperature conversion of hydrocarbons.

In the prior art, the effect of modulating the properties of the molecular sieve
is mostly concentrated on the improvement of the yield and the selectivity of the
propylene and the butylene, while the improvement effect of the yield and the
selectivity of the ethylene is not obvious enough.

Summary of the Invention

The invention aims to provide a molecular sieve of MFI structure rich in
mesopores and a process of producing same. The molecular sieve of MFI structure
can show excellent ethylene yield and simultaneously results in high outputs of
propylene and BTX in the catalytic cracking of petroleum hydrocarbons.



The invention also aims to provide a catalyst containing the molecular sieve of
MFI structure rich in mesopores, a process of producing same and use thereof in
catalytic cracking of petroleum hydrocarbons.

In a first aspect, the present invention provides a molecular sieve of MFI
structure rich in mesopores, the molecular sieve comprising a silicon component, an
aluminum component, a phosphorus component, and a supported metal component,
wherein the molecular sieve has a ratio of n(SiO2)/n(Al,0O3) of greater than 15 and
less than 70; the molecular sieve has a content of phosphorus, calculated as P>Os, of
1-15 wt% based on the dry weight of the molecular sieve; the molecular sieve has a
supported metal content, calculated as the oxide of the supported metal, of 1-10
wt% based on the dry weight of the molecular sieve, in which the supported metal is
one or more selected from rare earth elements, preferably one or two selected from
lanthanum and cerium; and the volume of mesopores in the molecular sieve
represents 40-70% by volume of the total pore volume of the molecular sieve, in
which the volume of mesopores and the total pore volume of the molecular sieve are
measured by a nitrogen adsorption BET specific surface area method, and the
volume of mesopores means the pore volume of the pores having a diameter of more

than 2 nm and less than 100 nm.

In one embodiment, for the molecular sieve of MFI structure rich in
mesopores, the molecular sieve has a RE distribution parameter, D, satisfying: 0.9<
D <1.3, preferably 0.9< D <1.1, wherein D = RE (S)/RE (C), RE (S) represents the
content of rare earth in any region of more than 100 nm? within an inward distance
of H from the edge of a crystal face of the molecular sieve crystal grain as measured
by a TEM-EDS method, and RE (C) represents the content of rare earth in any
region of more than 100 nm? in an outward distance H from the geometric center of
the crystal face of the molecular sieve crystal grain as measured by a TEM-EDS
method, wherein H is 10% of the distance from a certain point on the edge of the
crystal face to the geometric center of the crystal face.

In one embodiment, for the molecular sieve of MFI structure rich in
mesopores, the molecular sieve of MFI structure has a ratio of n(SiO2)/n(Al203) of
greater than 18 and less than 60; the molecular sieve has a content of phosphorus,
calculated as P2Os, of 3-12 wt% based on the dry weight of the molecular sieve; the
molecular sieve has a supported metal content, calculated as the oxide of the



supported metal, of 3-8 wt% based on the dry weight of the molecular sieve; and the
volume of mesopores in the molecular sieve represents 45-65% by volume of the
total pore volume of the molecular sieve.

In a second aspect, the present invention provides a process of producing the
molecular sieve of MFI structure rich in mesopores of the first aspect, the process
comprising:

a. filtering and washing a slurry of molecular sieve of MFI structure obtained
by crystallization to provide a water-washed molecular sieve; wherein, the water-
washed molecular sieve has a sodium content, calculated as sodium oxide, of less
than 5 wt%, based on the total dry weight of the water-washed molecular sieve
calculated as;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and then filtering and washing to provide a base washed molecular
sieve;

c. carrying out an ammonium exchange treatment on the base washed
molecular sieve obtained in step b to provide an ammonium exchanged molecular
sieve; wherein the ammonium exchanged molecular sieve has a sodium content,
calculated as sodium oxide, of less than 0.2 wt%, based on the total dry weight of
the ammonium exchanged molecular sieve; and

d. carrying out a phosphorus modification treatment, a supporting treatment
with the supported metal and a baking treatment on the ammonium exchanged
molecular sieve obtained in step c, to provide the molecular sieve of MFI structure
rich in mesopores.

In one embodiment, for the process of producing the molecular sieve, wherein
step d is carried out by one or more modes selected from the group consisting of?:

mode (1): simultaneously carrying out a phosphorus modification treatment
and a supporting treatment with the supported metal on the ammonium exchanged
molecular sieve obtained in step c, and then carrying out the baking treatment;

mode (2): the baking treatment comprises a baking treatment in a steam
atmosphere and a baking treatment in an air atmosphere, wherein the ammonium
exchanged molecular sieve obtained in step c is sequentially subjected to a
supporting treatment with the supported metal, a baking treatment in a steam
atmosphere, a phosphorus modification treatment and a baking treatment in the air
atmosphere;

mode (3): sequentially carrying out a supporting treatment with the supported



metal, a phosphorus modification treatment and a baking treatment on the
ammonium exchanged molecular sieve obtained in step c;

mode (4):the baking treatment comprises a baking treatment in a steam
atmosphere and a baking in an air atmosphere, wherein the ammonium exchanged
molecular sieve obtained in step c is sequentially subjected to a phosphorus
modification treatment, a baking treatment in the air atmosphere, a supporting
treatment with the supported metal and a baking treatment in a steam atmosphere.

In one embodiment, for the process of producing a molecular sieve, the
molecular sieve of MFI structure in the slurry of molecular sieve of MFI structure
obtained by crystallization is a ZSM-5 molecular sieve, having a silica-to-alumina

ratio of less than 80.

In one embodiment, for the process of producing a molecular sieve, the slurry
of the molecular sieve of MFI structure obtained by crystallization is prepared using
a template method, and step b further comprises: carrying out drying and a second
baking on the water-washed molecular sieve to remove the template agent, followed

by the desiliconization treatment.

In one embodiment, for the process of producing a molecular sieve, in step b,
the alkaline solution is an aqueous solution of sodium hydroxide and/or potassium
hydroxide; and/or the conditions for the desilication treatment comprise: a weight
ratio of the molecular sieve calculated on a dry basis to the base and water in the
alkaline solution of 1: (0.1-2): (5-15), a temperature of 10-100 °C, preferably from

room temperature to 100 °C, and/or a treatment duration of 0.2-4 hours.

In one embodiment, for the process of producing a molecular sieve, in step c,
the ammonium exchange treatment comprises treating the base washed molecular
sieve with an aqueous solution of an ammonium salt, the ammonium exchange
treatment conditions comprising: a weight ratio of the molecular sieve calculated on
a dry basis to the ammonium salt and water of 1: (0.1-1): (5-10), a temperature of
10-100 °C, preferably from room temperature to 100 °C, and/or a treatment duration
of 0.2-4 hours; and the ammonium salt is one or more selected from ammonium

chloride, ammonium sulfate and ammonium nitrate.

In one embodiment, for the process of producing a molecular sieve, in step d,
the phosphorus modification treatment comprises: carrying out impregnation and/or



ion exchange with at least one phosphorus-containing compound selected from
phosphoric acid, diammonium hydrogen phosphate, ammonium dihydrogen
phosphate, and ammonium phosphate;

the supporting treatment with the supported metal comprises: supporting the
supported metal in a single time or in batches by impregnation and/or ion exchange
with a compound containing the supported metal; and

the conditions for the baking treatment comprise: an atmosphere of air
atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C, and/or a
baking duration of 0.5-8 hours.

In a third aspect, the present invention provides a catalytic cracking catalyst,
wherein the catalytic cracking catalyst comprises, based on the dry weight of the
catalytic cracking catalyst:

5-78 wt% of the molecular sieve of MFI structure rich in mesopores of the
first aspect;

0 to 25 wt% of a Y-type molecular sieve;

1-60 wt% of an inorganic binder comprising a phosphorus-aluminum
inorganic binder and optionally an additional inorganic binder; and optionally

0 to 65 wt% of a second clay.

In one embodiment, the catalytic cracking catalyst comprises 3 to 40 wt%,
preferably 3 to 39 wt%, on a dry basis of a phosphorus-aluminum inorganic binder
and 1 to 30 wt% on a dry basis of an additional inorganic binder, based on the dry
weight of the catalytic cracking catalyst.

In one embodiment, for the catalytic cracking catalyst, the phosphorus-
aluminum inorganic binder is an aluminophosphate gel and/or a first clay-containing
phosphorus-aluminum inorganic binder; the first clay-containing phosphorus-
aluminum inorganic binder comprises 10-40 wt%, preferably 15-40 wt%, of an
aluminum component calculated as Al,O3, 40-80 wt%, preferably 45-80 wt%, of a
phosphorus component calculated as P2Os, and more than 0 and not more than 42
wt%, preferably not more than 40 wt%, of a first clay on dry basis, based on the dry
weight of the first clay-containing phosphorus-aluminum inorganic binder, wherein
the first clay-containing phosphorus-aluminum inorganic binder has a weight ratio
of P/Al of 1.0-6.0, a pH value of 1-3.5, and a solid content of 15-60 wt%; the first
clay comprises at least one of kaolin, sepiolite, attapulgite, rectorite,
montmorillonite and diatomite; and the additional inorganic binder comprises at



least one of pseudo-boehmite, alumina sol, silica-alumina sol and water glass.

In one embodiment, the catalytic cracking catalyst comprises the second clay,
which is at least one selected from the group consisting of kaolin, sepiolite,
attapulgite, rectorite, montmorillonite, halloysite, hydrotalcite, bentonite, and
diatomaceous earth, preferably at least one selected from the group consisting of
kaolin, metakaolin, diatomaceous earth, sepiolite, attapulgite, montmorillonite, and
rectorite.

In one embodiment, the catalytic cracking catalyst of the third aspect of the
invention is a I-type catalytic cracking catalyst, characterized in that the I-type
catalytic cracking catalyst comprises:

8-78 wt% of a molecular sieve of MFI structure rich in mesopores;

1-40 wt% of a binder; and

0 to 65 wt%, preferably 10 to 55 wt%, of a second clay.

In a particular embodiment, the I-type catalytic cracking catalyst may be used
alone as the catalytic cracking catalyst in a catalytic cracking reactor. In another
particular embodiment, a mixture of the I-type catalytic cracking catalyst and an
additional conventional catalytic cracking catalyst may be used as a catalytic
cracking catalyst in a catalytic cracking reactor. In the case of a mixture used, the I-
type catalytic cracking catalyst of the present invention may be used in an amount
of not more than 30 wt%, preferably 1 to 25 wt%, more preferably 3 to 15 wt%,
based on the total amount of the mixture.

In one embodiment, the catalytic cracking catalyst of the third aspect of the
present invention is a II-type catalytic cracking catalyst, wherein the II-type
catalytic cracking catalyst comprises, based on the dry weight of the catalytic
cracking catalyst:

5-50 wt% of a molecular sieve of MFI structure rich in mesopores;

1 to 60 wt% of an inorganic binder;

1-25 wt% of a Y-type molecular sieve; and optionally

0 to 60 wt%, preferably 10 to 50 wt%, of the second clay.

In the present application, when a "catalytic cracking catalyst" is mentioned, it
is to be understood as referring to any catalytic cracking catalyst according to the
third aspect of the invention, including the I-type and/or II-type catalytic cracking
catalysts, unless specified as applicable to the I-type and/or II-type catalytic



cracking catalyst or other catalytic cracking catalysts.

In one embodiment, the catalytic cracking catalyst is characterized in that the
Y-type molecular sieve comprises at least one of PSRY molecular sieve, PSRY-S
molecular sieve, rare earth-containing PSRY molecular sieve, rare earth-containing
PSRY-S molecular sieve, USY molecular sieve, rare earth-containing USY
molecular sieve, REY molecular sieve, REHY molecular sieve, and HY molecular

sieve.

In a fourth aspect, the present invention provides a process of producing a
catalytic cracking catalyst as described in the third aspect, comprising:

mixing the molecular sieve of MFI structure rich in mesopores as described in
the first aspect with an inorganic binder and optionally a second clay, to produce a
slurry;

spray drying the slurry; and optionally

carrying out a third baking treatment;

wherein, relative to 5 to 78 parts by weight of the molecular sieve of MFI
structure rich in mesopores on a dry basis, the amount of the inorganic binder on a
dry basis is 1 to 60 parts by weight, and the amount of the second clay on a dry
basis is 0 to 65 parts by weight; and

wherein the binder comprises a phosphorus-aluminum inorganic binder and

optionally an additional inorganic binder.

In one embodiment, for the process of producing a catalytic cracking catalyst,
the process comprises the third baking, and further comprises: washing and
optionally drying the product obtained from the third baking; wherein the third
baking is carried out at a baking temperature of 300-650 °C for 0.5-12 h, preferably
0.5-8 h; and the drying is carried out at a temperature of 100-200 °C for 0.5-24 h.

In one embodiment, for the process of producing a catalytic cracking catalyst,
the phosphorus-aluminum inorganic binder comprises a first clay-containing
phosphorus-aluminum inorganic binder, and the process further comprises:
preparing the first clay-containing phosphorus-aluminum inorganic binder by the
steps of:

formulating an alumina source, the first clay and water into a slurry with a
solid content of 5-48 wt%; wherein the alumina source is aluminum hydroxide

and/or alumina capable of being peptized by an acid, and the first clay is used in an



amount of more than O part by weight and not more than 42 parts by weight,
preferably not more than 40 parts by weight on a dry basis, relative to 15-40 parts
by weight of the alumina source calculated as Al>O3; and

adding concentrated phosphoric acid into the slurry at a weight ratio of P/Al =
1-6 under stirring, and reacting the mixed slurry at 50-99 °C for 15-90 minutes;
wherein the P in the P/Al represents the weight of phosphorus in the phosphoric acid
calculated as a simple substance, and Al represents the weight of aluminum in the
alumina source calculated as a simple substance.

In one embodiment, for the process of producing a catalytic cracking catalyst,
the Y-type molecular sieves are further added and mixed before the slurry is
prepared.

In a fifth aspect, the present invention provides a method for catalytically
cracking a hydrocarbon oil using the catalytic cracking catalyst of the third aspect,
comprising: contacting and reacting the hydrocarbon oil with the catalytic cracking
catalyst under the catalytic cracking reaction condition.

In one embodiment, regarding the method for catalytically cracking a
hydrocarbon oil, the catalytic cracking reaction is carried out at a temperature of
500-800 °C.

In one embodiment, regarding the method for catalytically cracking a
hydrocarbon oil, the hydrocarbon oil is one or more selected from crude oil,
naphtha, gasoline, atmospheric residue, vacuum residue, atmospheric wax oil,
vacuum wax oil, straight-run wax oil, propane light/heavy deoiling, coked wax oil,
and coal liquefaction product.

In one embodiment, regarding the method for catalytically cracking a
hydrocarbon oil, the hydrocarbon oil is contacted and reacted with a catalytic
mixture containing the catalytic cracking catalyst of the present invention and an
additional conventional catalytic cracking catalyst. Preferably, in this embodiment,
the catalytic cracking catalyst of the present invention is the I-type catalytic
cracking catalyst.

In one embodiment, regarding the method for catalytically cracking a
hydrocarbon oil, when a catalytic mixture is used, the content of the catalytic



cracking catalyst (preferably the I-type catalytic cracking catalyst) according to the

present invention in the mixture is 0.1 to 30 wt%.

For example, the present invention provides the following four series of
exemplary schemes:

A first series of exemplary schemes comprise, but not limited to:

1. An exemplary scheme 1 of the first series according to the present invention
provides a molecular sieve of MFI structure rich in mesopores, which molecular
sieve has a ratio of n(SiO2)/n(Al20O3) of more than 15 and less than 70; the
molecular sieve has a content of phosphorus, calculated as P20s, of 1-15 wt% based
on the dry weight of the molecular sieve; the molecular sieve has a supported metal
content, calculated as the oxide of the supported metal, of 1-10 wt% based on the
dry weight of the molecular sieve, wherein the supported metal is one or two
selected from lanthanum and cerium; and the volume of mesopores in the molecular
sieve represents 40-70% by volume of the total pore volume of the molecular sieve,
wherein the volume of mesopores and the total pore volume of the molecular sieve
are measured by a nitrogen adsorption BET specific surface area method, and the
volume of mesopores means the pore volume of the pores having a diameter of more

than 2 nm and less than 100 nm.

2. The molecular sieve of MFI structure of the exemplary scheme 1 of the first
series, wherein the molecular sieve has a ratio of n(Si02)/n(Al>O3) of greater than
18 and less than 60; the molecular sieve has a content of phosphorus, calculated as
P20s, of 3-12 wt% based on the dry weight of the molecular sieve; the molecular
sieve has a supported metal content, calculated as the oxide of the supported metal,
of 3-8 wt% based on the dry weight of the molecular sieve; and the volume of
mesopores in the molecular sieve represents 45-65% by volume of the total pore
volume of the molecular sieve.

3. An exemplary scheme 3 of the first series according to the present
invention provides a process of producing a molecular sieve of MFI structure rich in
mesopores as set forth in exemplary scheme 1 or 2 of the first series, the process
comprising:

a. filtering and washing the slurry of the molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the

water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
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less than 5 wt% based on the total dry weight of the water-washed molecular sieve
calculated as sodium oxide;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and filtering and washing to provide a base washed molecular
sieve;

c. carrying out ammonium exchange treatment on the base washed molecular
sieve obtained in step b to provide an ammonium exchanged molecular sieve;
wherein the ammonium exchanged molecular sieve has a sodium content, calculated
as sodium oxide, of less than 0.2 wt%, based on the total dry weight of the
ammonium exchanged molecular sieve;

d. carrying out phosphorus modification treatment, supporting treatment with
the supported metal and baking treatment on the ammonium exchanged molecular
sieve obtained in step c, to provide the molecular sieve of MFI structure rich in
mesopores.

4. The process according to the exemplary scheme 3 of the first series,
wherein the molecular sieve of MFI structure in the slurry of the molecular sieve of
MFI structure obtained by crystallization 1s a ZSM-5 molecular sieve, having a

silica-to-alumina ratio of less than 80.

5. The process according to the exemplary scheme 3 of the first series,
wherein, if the slurry of the molecular sieve of MFI structure obtained by
crystallization is prepared by a template method, then step b further comprises:
drying and baking the water-washed molecular sieve to remove the template agent,

and then carrying out the desiliconization treatment.

6. The process according to the exemplary scheme 3 of the first series,
wherein in step b, the base in the alkaline solution is sodium hydroxide and/or
potassium hydroxide.

7. The process according to the exemplary scheme 3 of the first series,
wherein in step b, the conditions for the desilication treatment comprise: a weight
ratio of the molecular sieve calculated on a dry basis to the base and water in the
alkaline solution of 1: (0.1-2): (5-15), a temperature of from room temperature to
100 °C, and a duration of 0.2-4 hours.

8. The process according to the exemplary scheme 3 of the first series,
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wherein in step ¢, the ammonium exchange treatment conditions comprise: a weight
ratio of the molecular sieve calculated on a dry basis to the ammonium salt and
water is 1: (0.1-1): (5-10), a temperature of from room temperature to 100 °C, and a
duration of 0.2-4 hours.

9. The process according to the exemplary scheme 8 of the first series,
wherein the ammonium salt is one or more selected from ammonium chloride,
ammonium sulfate, and ammonium nitrate.

10. The process according to the exemplary scheme 3 of the first series,
wherein in step d, the phosphorus modification treatment comprises: carrying out
impregnation and/or ion-exchange to the molecular sieve with at least one
phosphorus-containing compound selected from the group consisting of phosphoric
acid, diammonium hydrogen phosphate, ammonium dihydrogen phosphate, and

ammonium phosphate.

11. The process according to the exemplary scheme 3 of the first series,
wherein in step d, the supporting treatment with the supported metal comprises:
supporting a compound containing a supported metal onto the molecular sieve by

impregnation and/or ion exchange in a single time or in batches.

12. The process according to the exemplary scheme 3 of the first series,
wherein in step d, the conditions for the baking treatment comprise: an atmosphere
of air atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C,
and a baking duration of 0.5-8 hours.

A second series of exemplary schemes comprise, but not limited to:

1. An exemplary scheme 1 according to the second series of the present
invention provides a molecular sieve of MFI structure rich in mesopores, which has
a ratio of n(SiO2)/n(Al,03) of more than 15 and less than 70; the molecular sieve
has a content of phosphorus, calculated as P2Os, of 1-15 wt% based on the dry
weight of the molecular sieve; the molecular sieve has a supported metal content,
calculated as the oxide of the supported metal, of 1-10 wt% based on the dry weight
of the molecular sieve, wherein the supported metal is one or two selected from
lanthanum and cerium; and the volume of mesopores in the molecular sieve
represents 40-70% by volume of the total pore volume of the molecular sieve,
wherein the volume of mesopores and the total pore volume of the molecular sieve
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is measured by a nitrogen adsorption BET specific surface area method, and the
volume of mesopores refers to the pore volume of the pores having a diameter of

more than 2 nm and less than 100 nm.

2. The molecular sieve of MFI structure according to the exemplary scheme 1
of the second series, wherein the molecular sieve has a RE distribution parameter,
D, satisfying: 0.9< D <1.1, wherein D = RE (S)/RE (C), RE (S) represents the
content of the rare earth in any region of more than 100 nm? within an inward
distance of H from the edge of a crystal face of the molecular sieve crystal grain
measured by a TEM-EDS method, and RE (C) represents the content of rare earth in
any region of more than 100 nm? in an outward distance H from the geometric
center of the crystal face of the molecular sieve crystal grain measured by a TEM-
EDS method, and H is 10% of the distance from a certain point of the edge of the
crystal face to the geometric center of the crystal face.

3. The molecular sieve of MFI structure according to the exemplary scheme 1
or 2 of the second series, wherein the molecular sieve has a ratio of
n(Si02)/n(Al,03) of greater than 18 and less than 60; the molecular sieve has a
content of phosphorus, calculated as P2Os, of 3-12 wt% based on the dry weight of
the molecular sieve; the molecular sieve has a supported metal content, calculated as
the oxide of the supported metal, of 3-8 wt% based on the dry weight of the
molecular sieve; and the volume of mesopores in the molecular sieve represents 45-
65% by volume of the total pore volume of the molecular sieve.

4. The exemplary scheme 4 of the second series of the present invention
provides a process of producing a molecular sieve of MFI structure rich in
mesopores, which comprises:

a. filtering and washing a slurry of the molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the
water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
less than 5 wt% based on the total dry weight of the water-washed molecular sieve
calculated as sodium oxide;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and filtering and washing to provide a base washed molecular
sieve;

c. carrying out ammonium exchange treatment on the base washed molecular

sieve obtained in step b to provide an ammonium exchanged molecular sieve;
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wherein the ammonium exchanged molecular sieve has a sodium content, calculated
as sodium oxide, of less than 0.2 wt%, based on the total dry weight of the
ammonium exchanged molecular sieve;

d. carrying out phosphorus modification treatment, supporting treatment with
the supported metal and baking treatment on the ammonium exchanged molecular
sieve obtained in step ¢ to provide the molecular sieve of MFI structure rich in
mesopores.

5. The process according to the exemplary scheme 4 of the second series,
wherein step d is one or more selected from the following modes:

mode (1): simultaneously carrying out a phosphorus modification treatment
and the supporting treatment with the supported metal on the ammonium exchanged
molecular sieve obtained in step c, and then carrying out the baking treatment;

mode (2): sequentially carrying out the supporting treatment with the
supported metal, baking treatment in a steam atmosphere, phosphorus modification
treatment and baking treatment in an air atmosphere on the ammonium exchanged
molecular sieve obtained in step c;

mode (3): sequentially carrying out the supporting treatment with the
supported metal, phosphorus modification treatment and baking treatment on the
ammonium exchanged molecular sieve obtained in step c; and

mode (4):sequentially carrying out a phosphorus modification treatment, the
baking treatment in an air atmosphere, the supporting treatment with the supported
metal and the baking treatment in a steam atmosphere on the ammonium exchanged
molecular sieve obtained in step c.

6. The process according to the exemplary scheme 4 or 5 of the second series,
wherein the molecular sieve of MFI structure in the slurry of the molecular sieve of
MFI structure obtained by crystallization is a ZSM-5 molecular sieve, having a
silica-to-alumina ratio of less than 80.

7. The process according to the exemplary scheme 4 or 5 of the second series,
wherein, if the slurry of the molecular sieve of MFI structure obtained by
crystallization is prepared by a template method, then step b further comprises:
drying and baking the water-washed molecular sieve to remove the template agent,

and then carrying out the desiliconization treatment.

8. The process according to the exemplary scheme 4 or 5 of the second series,
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wherein in step b, the base in the alkaline solution is sodium hydroxide and/or
potassium hydroxide;

and the conditions for the desiliconization treatment comprise: a weight ratio
of the molecular sieve calculated on a dry basis to the base and water in the alkaline
solution of 1: (0.1-2): (5-15), a temperature of from room temperature to 100 °C,
and a duration of 0.2-4 hours.

9. The process according to the exemplary scheme 4 or 5 of the second series,
wherein in step c, the conditions for the ammonium exchange treatment comprise: a
weight ratio on a dry basis of the molecular sieve to the ammonium salt and water of
1: (0.1-1): (5-10), a temperature of from room temperature to 100 °C, and a duration
of 0.2-4 hours;

the ammonium salt is one or more selected from ammonium chloride,
ammonium sulfate and ammonium nitrate.

10. The process according to the exemplary scheme 4 or 5 of the second
series, wherein in step d, the phosphorus modification treatment comprises: carrying
out impregnation and/or ion-exchange to the molecular sieve with at least one
phosphorus-containing compound selected from phosphoric acid, diammonium
hydrogen phosphate, ammonium dihydrogen phosphate and ammonium phosphate;

the supporting treatment with the supported metal comprises: supporting a
compound containing a supported metal onto the molecular sieve by impregnation
and/or ion exchange in a single time or in batches; and

the conditions for the baking treatment comprise: an atmosphere of air
atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C, and a
baking duration of 0.5-8 hours.

A third series of exemplary schemes comprise, but not limited to:

1. An exemplary scheme 1 of the third series according to the present
invention provides a catalytic cracking catalyst, characterized in that the catalytic
cracking catalyst comprises 1 to 25 wt%, on a dry basis, of Y-type molecular sieve,
5 to 50 wt%, on a dry basis, of a phosphorus-and rare earth-containing molecular
sieve of MFI structure rich in mesopores, 1 to 60 wt% of inorganic binder, and
optionally 0 to 60 wt% of second clay, wherein the inorganic binder comprises
phosphor-aluminum inorganic binder and/or an additional inorganic binder;

wherein the phosphorus-and rare earth-containing molecular sieve of MFI
structure rich in mesopores has a ratio of n(SiO2)/n(Al203) of more than 15 and less
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than 70; the molecular sieve has a content of phosphorus, calculated as P2Os, of 1-
15 wt% based on the dry weight of the molecular sieve; the phosphorus-and rare
earth-containing molecular sieve of MFI structure rich in mesopores has a content of
the supported rare earth, calculated as the oxide of the supported rare earth, of 1-10
wt%, based on the dry weight of the phosphorus-and rare earth-containing molecular
sieve of MFI structure rich in mesopores, wherein the supported rare earth is one or
two selected from lanthanum and cerium; and the volume of mesopores in the
molecular sieve represents 40-70% by volume of the total pore volume of the
phosphorus-and rare earth-containing molecular sieve of MFI structure rich in
mesopores, wherein the volume of mesopores and the total pore volume of the
phosphorus-and rare earth-containing molecular sieve of MFI structure rich in
mesopores are measured by a nitrogen adsorption BET specific surface area method,
and the volume of mesopores means the pore volume of the pores having a diameter
of greater than 2 nm and less than 100 nm.

2. The catalytic cracking catalyst according to the exemplary scheme 1 of the
third series, wherein the phosphorus-and rare earth-containing molecular sieve of
MFI structure rich in mesopores has a RE distribution parameter, D, satisfying: 0.9<
D <1.3, wherein D = RE (S)/RE (C), RE (S) represents the content of the rare earth
in any region of more than 100 nm? within an inward distance of H from the edge of
a crystal face of the molecular sieve crystal grain measured by a TEM-EDS method,
and RE (C) represents the content of rare earth in any region of more than 100 nm?
in an outward distance H from the geometric center of the crystal face of the
molecular sieve crystal grain measured by a TEM-EDS method, and H is 10% of the
distance from a certain point of the edge of the crystal face to the geometric center
of the crystal face.

3. The catalytic cracking catalyst of the exemplary scheme 1 or 2 of the third
series, wherein the phosphorus-and rare earth-containing molecular sieve of MFI
structure rich in mesopores has a ratio of n(Si02)/n(Al2O3) of greater than 18 and
less than 60; the molecular sieve has a content of phosphorus, calculated as P2Os, of
3-12 wt% based on the dry weight of the molecular sieve; the molecular sieve has a
content of the supported rare earth, calculated as the oxide of the supported rare
earth, of 3-8 wt%, based on the dry weight of the phosphorus-and rare earth-
containing molecular sieve of MFI structure rich in mesopores; and the volume of
mesopores in the molecular sieve represents 45-65% by volume of the total pore
volume of the phosphorus-and rare earth-containing molecular sieve of MFI
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structure rich in mesopores.

4. The catalytic cracking catalyst according to the exemplary scheme 1 of the
third series, wherein the catalytic cracking catalyst comprises 3 to 40 wt% on a dry
basis of the phosphorus-aluminum inorganic binder and/or 1 to 30 wt% on a dry
basis of an additional inorganic binder, based on the dry weight of the catalytic
cracking catalyst.

5. The catalytic cracking catalyst of the exemplary scheme 4 of the third
series, wherein the phosphorus-aluminum inorganic binder is an aluminophosphate
gel and/or a first clay-containing phosphorus-aluminum inorganic binder; the first
clay-containing phosphorus-aluminum inorganic binder comprises 15-40 wt% of an
aluminum component calculated as Al2O3, 45-80 wt% of a phosphorus component
calculated as P,Os and more than 0 and not more than 40 wt% of the first clay on a
dry basis, wherein the first clay-containing phosphorus-aluminum inorganic binder
has a weight ratio of P/Al of 1.0-6.0, a pH value of 1-3.5, and a solid content of 15-
60 wt%; and the first clay comprises at least one of kaolin, sepiolite, attapulgite,
rectorite, montmorillonite and diatomite; and

the additional inorganic binder comprises at least one of pseudo-boehmite,

alumina sol, silica-alumina sol and water glass.

6. The catalytic cracking catalyst of the exemplary scheme 1 of the third
series, wherein the second clay is at least one selected from kaolin, metakaolin,
diatomaceous earth, sepiolite, attapulgite, montmorillonite and rectorite; and the Y-
type molecular sieve comprises at least one of a PSRY molecular sieve, a PSRY-S
molecular sieve, a Rare earth-containing PSRY molecular sieve, a Rare earth-
containing PSRY-S molecular sieve, a USY molecular sieve, a Rare earth-
containing USY molecular sieve, a REY molecular sieve, a REHY molecular sieve
and an HY molecular sieve.

7. An exemplary scheme 7 of the third series of the present invention provides
a process of producing a catalytic cracking catalyst, comprising: mixing a Y-type
molecular sieve, a phosphorus-and rare earth-containing molecular sieve of MFI
structure rich in mesopores and an inorganic binder for formulating slurry, spray-
drying, and optionally baking to provide the catalytic cracking catalyst; wherein a
second clay is added or not added to the mixing; and on a dry basis, the Y-type
molecular sieve, the phosphorus-and rare earth-containing molecular sieve of MFI
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structure rich in mesopores, the inorganic binder and the second clay are used at a
ratio by weight of (1-25): (5-50): (1-60): (0 to 60);

the inorganic binder comprises a phosphorus-aluminum inorganic binder
and/or an additional inorganic binder; the phosphorus-and rare earth-containing
molecular sieve of MFI structure rich in mesopores has a ratio of n(SiO2)/n(Al.03)
of more than 15 and less than 70; the phosphorus-and rare earth-containing
molecular sieve of MFI structure rich in mesopores has a content of phosphorus,
calculated as P2Os, of 1-15 wt% based on the dry weight of the molecular sieve; the
phosphorus-and rare earth-containing molecular sieve of MFI structure rich in
mesopores has a content, on a dry basis, of the supported rare earth of 1-10 wt%,
wherein the supported rare earth is one or two selected from lanthanum and cerium;
and the volume of mesopores in the molecular sieve represents 40-70% by volume
of the total pore volume of the phosphorus-and rare earth-containing molecular
sieve of MFI structure rich in mesopores, wherein the volume of mesopores and the
total pore volume of the phosphorus-and rare earth-containing molecular sieve of
MFI structure rich in mesopores are measured by a nitrogen adsorption BET specific
surface area method, and the volume of mesopores means the pore volume of the

pores having a diameter greater than 2 nm and less than 100 nm.

8. The process according to the exemplary scheme 7 of the third series,
wherein the process further comprises: washing and optionally drying the product
obtained from baking to provide the catalytic cracking catalyst; wherein the first
baking treatment is carried out at a baking temperature of 300-650 °C, and a baking
duration of 0.5-12 h.

9. The process of exemplary scheme 7 of the third series, wherein the Y-type
molecular sieve comprises at least one of a PSRY molecular sieve, a PSRY-S
molecular sieve, a rare earth-containing PSRY molecular sieve, a rare earth-
containing PSRY-S molecular sieve, a USY molecular sieve, a rare earth-containing
USY molecular sieve, a REY molecular sieve, a REHY molecular sieve, and an HY
molecular sieve; the second clay is at least one selected from kaolin, metakaolin,
diatomite, sepiolite, attapulgite, montmorillonite and rectorite; the additional
inorganic binder comprises at least one of pseudo-boehmite, alumina sol, silica-
alumina sol and water glass; and the phosphorus-aluminum inorganic binder is
aluminophosphate gel and/or a first clay-containing phosphorus-aluminum inorganic

binder containing.
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10. The process according to the exemplary scheme 7 of the third series,
wherein the binder comprises the phosphorus-aluminum inorganic binder and the
additional inorganic binders at a weight ratio of (3-40): (1-30); and the process
further comprises: preparing the first clay-containing phosphorus-aluminum
inorganic binder by the steps of:

formulating an alumina source, the first clay and water into a slurry, and
dispersing the slurry to have a solid content of 5-48 wt%; wherein the alumina
source is aluminum hydroxide and/or alumina capable of being peptized by an acid,
and the amount of the first clay, on a dry basis, is more than O part by weight and
not more than 40 part by weight relative to 15-40 part by weight of the alumina
source calculated as Al»,Og;

adding concentrated phosphoric acid into the slurry at a weight ratio of P/Al =
1-6 under stirring, and reacting the mixed slurry for 15-90 minutes at 50-99 °C;
wherein in the P/Al, P is the weight of phosphorus in the phosphoric acid calculated
as a simple substance, and Al is the weight of aluminum in the alumina source

calculated as a simple substance.

11. The process according to the exemplary scheme 7 of the third series,
wherein the process further comprises: producing the phosphorus-and rare earth-
containing molecular sieve of MFI structure rich in mesopores by the steps of:

a. filtering and washing a slurry of the molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the
water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
less than 5 wt% based on the total dry weight of the water-washed molecular sieve;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and filtering and washing to provide a base washed molecular
sieve;

c. carrying out ammonium exchange treatment on the base washed molecular
sieve obtained in step b to provide an ammonium exchanged molecular sieve;
wherein the ammonium exchanged molecular sieve has a sodium content, calculated
as sodium oxide, of less than 0.2 wt%, based on the total dry weight of the
ammonium exchanged molecular sieve;

d. carrying out phosphorus modification treatment, supporting treatment with
the supported rare earth and a third baking treatment on the ammonium exchanged
molecular sieve obtained in step c¢ to provide the phosphorus-and rare earth-

containing molecular sieve of MFI structure rich in mesopores.

-19 -



12. The process according to the exemplary scheme 11 of the third series,
wherein step d is one or more selected from the modes of:

mode (1): simultaneously carrying out a phosphorus modification treatment
and a supporting treatment with the supported rare earth on the ammonium
exchanged molecular sieve obtained in step c, and then carrying out the third baking
treatment;

mode (2): sequentially carrying out supporting treatment with the supported
rare earth, a third baking treatment in a steam atmosphere, a phosphorus
modification treatment and a third baking treatment in an air atmosphere on the
ammonium exchanged molecular sieve obtained in step c;

mode (3): sequentially carrying out supporting treatment with the supported
rare earth, a phosphorus modification treatment and a third baking treatment on the
ammonium exchanged molecular sieve obtained in step c; and

mode (4):sequentially carrying out a phosphorus modification treatment, a
third baking treatment in an air atmosphere, a supporting treatment with the
supported rare earth and a third baking treatment in a steam atmosphere on the

ammonium exchanged molecular sieve obtained in step c.

13. The process according to the exemplary scheme 11 of the third series,
wherein the molecular sieve of MFI structure in the slurry of the molecular sieve of
MFI structure obtained by crystallization 1s a ZSM-5 molecular sieve, having a
silica-to-alumina ratio of less than 80; and

if the slurry of the molecular sieve of MFI structure obtained by
crystallization is prepared by a template method, step b further comprises: drying
the water-washed molecular sieve and carrying out a fourth baking to remove the
template agent, and then carrying out desiliconization treatment.

14. The process according to the exemplary scheme 11 of the third series,
wherein in step b, the base in the alkaline solution is sodium hydroxide and/or
potassium hydroxide;

the conditions for the desiliconization treatment comprise: a weight ratio of
the molecular sieve calculated on a dry basis to the base and water in the alkaline
solution of 1: (0.1-2): (5-15), a temperature of 10-100 °C and a duration of 0.2-4
hours.

15. The process according to the exemplary scheme 11 or 12 of the third

series, wherein in step c, the conditions for the ammonium exchange treatment

comprise: a weight ratio on a dry basis of the molecular sieve to the ammonium salt
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and water of 1: (0.1-1): (5-10), a temperature of 10-100 °C, and a duration of 0.2-4
hours;

the ammonium salt is one or more selected from ammonium chloride,
ammonium sulfate and ammonium nitrate.

16. The process according to the exemplary scheme 11 or 12 of the third
series, wherein in step d, the phosphorus modification treatment comprises: carrying
out impregnation and/or ion-exchange to the molecular sieve with at least one
phosphorus-containing compound selected from phosphoric acid, diammonium
hydrogen phosphate, ammonium dihydrogen phosphate and ammonium phosphate;

the supporting treatment with the supported rare earth comprises: supporting a
compound containing the rare earth onto the molecular sieve by impregnation and/or
ion exchange in a single time or in batches;

the conditions for the third baking treatment comprise: an atmosphere of air
atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C, and a
baking duration of 0.5-8 hours.

17. A catalytic cracking catalyst produced by the process according to any one
of the exemplary schemes 7 to 16 of the third series.

18. An exemplary scheme 18 of the third series according to the present
invention provides use of the catalytic cracking catalyst described in any one of the
exemplary schemes 1 to 7 and the exemplary scheme 17 of the third series in the
catalytically cracking hydrocarbon oil.

19. The use according to the exemplary scheme 18 of the third series, wherein
the method for the use comprises: contacting and reacting the hydrocarbon oil with
the catalytic cracking catalyst under catalytic cracking reaction conditions, wherein
the catalytic cracking reaction conditions comprise: a reaction temperature of 500-
800 °C.

20. The use according to the exemplary scheme 19 of the third series, wherein
the hydrocarbon oil is one or more selected from crude oil, naphtha, gasoline,
atmospheric residue, vacuum residue, atmospheric wax oil, vacuum wax oil,
straight-run wax oil, propane light/heavy deoiling, coked wax oil, and coal
liquefaction product.
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A fourth series of exemplary schemes comprise, but not limited to:

1. An exemplary scheme 1 of the fourth series according to the present
invention provides a catalytic cracking aid, characterized in that the catalytic
cracking aid comprises 8 to 78 wt% of a sieve of MFI structure rich in mesopores
based on a dry weight of the catalytic cracking aid, 1 to 40 wt% of a binder based on
the dry weight, and 0 to 65 wt% of a second clay based on the dry weight; wherein
the binder comprises a phosphor-aluminum inorganic binder and/or an additional
inorganic binder;

the molecular sieve of MFI structure rich in mesopores has a ratio of
n(Si02)/n(Al2O3) of more than 15 and less than 70; the molecular sieve has a
phosphorus content, calculated as P>Os, of 1-15 wt% based on the dry weight of the
molecular sieve; the molecular sieve has a supported metal content, calculated as the
oxide of the supported metal, of 1-10 wt% based on the dry weight of the molecular
sieve, wherein the supported metal is one or two selected from lanthanum and
cerium; and the volume of mesopores in the molecular sieve represents 40-70% by
volume of the total pore volume of the molecular sieve, wherein the volume of
mesopores and the total pore volume of the molecular sieve are measured by a
nitrogen adsorption BET specific surface area method, and the volume of mesopores
means the pore volume of the pores having a diameter of more than 2 nm and less
than 100 nm.

2. The catalytic cracking aid according to the exemplary scheme 1 of the
fourth series, wherein the molecular sieve has an RE distribution parameter, D,
satisfying: 0.9< D <1.3, wherein D = RE (S)/RE (C), RE (S) represents the content
of the rare earth in any region of more than 100 nm? within an inward distance of H
from the edge of a crystal face of the molecular sieve crystal grain measured by a
TEM-EDS method, RE (C) represents the content of rare earth in any region of more
than 100 nm? in an outward distance H from the geometric center of the crystal face
of the molecular sieve crystal grain measured by a TEM-EDS method, and H is 10%
of the distance from a certain point of the edge of the crystal face to the geometric
center of the crystal face.

3. The catalytic cracking aid according to the exemplary scheme 1 or 2 of the
fourth series, wherein the molecular sieve has a ratio of n(SiO2)/n(Al.O3) of more
than 18 and less than 60; the molecular sieve has a content of phosphorus,
calculated as P2Os, of 3-12 wt% based on the dry weight of the molecular sieve; the
molecular sieve has a supported metal content, calculated as the oxide of the
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supported metal, of 3-8 wt% based on the dry weight of the molecular sieve; and the
volume of mesopores in the molecular sieve represents 45-65% by volume of the
total pore volume of the molecular sieve 45-65%.

4. The catalytic cracking aid according to the exemplary scheme 1 of the
fourth series, wherein the phosphorus-aluminum inorganic binder is an
aluminophosphate gel and/or a first clay-containing phosphorus-aluminum inorganic
binder; the first clay-containing phosphorus-aluminum inorganic binder comprises
10-40 wt% of an aluminum component calculated as Al2Osz, 40-80 wt% of a
phosphorus component calculated as P>Os and more than 0 and not more than 42
wt% of the first clay on a dry basis, wherein the first clay-containing phosphorus-
aluminum inorganic binder has a weight ratio of P/Al of 1.0-6.0, a pH value of 1-
3.5, and a solid content of 15-60 wt%; and the first clay comprises at least one of
kaolin, sepiolite, attapulgite, rectorite, montmorillonite and diatomite; and

the additional inorganic binder comprises at least one of pseudo-boehmite,

alumina sol, silica-alumina sol and water glass.

5. The catalytic cracking aid according to the exemplary scheme 1 of the
fourth series, wherein the second clay is at least one selected from kaolin, sepiolite,
attapulgite, rectorite, montmorillonite, halloysite, hydrotalcite, bentonite, and

diatomaceous earth.

6. The catalytic cracking aid according to the exemplary scheme 1 of the
fourth series, wherein the binder comprises 3 to 39 wt% on a dry basis of the
phosphorus-aluminum inorganic binder and 1 to 30 wt% on a dry basis of the
additional inorganic binder, based on a dry weight of the binder.

7. An exemplary scheme of the fourth series 7 of the present invention
provides a process of producing a catalytic cracking aid, comprising: mixing the
molecular sieve of MFI structure rich in mesopores, a binder and optionally a
second clay for formulating slurry, and carrying out spray drying to provide the
catalytic cracking aid; wherein the binder is used in an amount of 1 to 40 parts by
weight on a dry basis, and the second clay is used in an amount of 0 to 65 parts by
weight on a dry basis, relative to 8 to 78 parts by weight of the sieve of MFI
structure rich in mesopores on a dry basis;

wherein the binder comprises a phosphor-aluminum inorganic binder and/or

an additional inorganic binder; the molecular sieve of MFI structure rich in
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mesopores has a ratio of n(SiO2)/n(Al2O3) of more than 15 and less than 70; the
molecular sieve has a content of phosphorus, calculated as P2Os, of 1-15 wt% based
on the dry weight of the molecular sieve; the molecular sieve has a supported metal
content, calculated as the oxide of the supported metal, of 1-10 wt% based on the
dry weight of the molecular sieve, wherein the supported metal is one or two
selected from lanthanum and cerium; the volume of mesopores in the molecular
sieve represents 40-70% by volume of the total pore volume of the molecular sieve,
the volume of mesopores and the total pore volume of the molecular sieve are
measured by a nitrogen adsorption BET specific surface area method, and the
volume of mesopores means the pore volume of the pores having a diameter of more
than 2 nm and less than 100 nm.

8. The process according to the exemplary scheme 7 of the fourth series,
wherein the process further comprises: carrying out a first baking, washing and
optionally drying treatment on the product obtained by the spray drying, to provide
the catalytic cracking aid;

wherein the first baking is carried out at a baking temperature of 300-650 °C
for 0.5-8 h; and the drying is carried out at a temperature of 100-200 °C for 0.5-24
h.

9. The process according to the exemplary scheme 7 of the fourth series,
wherein the process further comprises: producing the molecular sieve of MFI
structure rich in mesopores by the steps of:

a. filtering and washing a slurry of the molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the
water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
less than 5 wt% based on the total dry weight of the water-washed molecular sieve
calculated as sodium oxide;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and filtering and washing to provide a base washed molecular
sieve;

c. carrying out ammonium exchange treatment on the base washed molecular
sieve obtained in step b to provide an ammonium exchanged molecular sieve;
wherein the ammonium exchanged molecular sieve has a sodium content, calculated
as sodium oxide, of less than 0.2 wt%, based on the total dry weight of the
ammonium exchanged molecular sieve; and

d. carrying out a phosphorus modification treatment, a supported metal
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supporting treatment and a second baking treatment on the ammonium exchanged
molecular sieve obtained in step c¢ to provide the molecular sieve of MFI structure
rich in mesopores.

10. The process according to the exemplary scheme 9 of the fourth series,
wherein step d is carried out by one or more modes selected from:

mode (1): simultaneously carrying out a phosphorus modification treatment
and a supporting treatment with the supported metal on the ammonium exchanged
molecular sieve obtained in step c, and then carrying out a second baking treatment;

mode (2): sequentially carrying out a supporting treatment with the supported
metal, a second baking treatment in a steam atmosphere, a phosphorus modification
treatment and a second baking treatment in an air atmosphere on the ammonium
exchanged molecular sieve obtained in step c;

mode (3): sequentially carrying out a supporting treatment with the supported
metal, a phosphorus modification treatment and a second baking treatment on the
ammonium exchanged molecular sieve obtained in step c; and

mode (4):sequentially carrying out a phosphorus modification treatment, a
second baking treatment in the air atmosphere, a supporting treatment with the
supported metal and a second baking treatment in a steam atmosphere on the

ammonium exchanged molecular sieve obtained in step c.

11. The process according to the exemplary scheme 9 of the fourth series,
wherein the molecular sieve of MFI structure in the slurry of the molecular sieve of
MFI structure obtained by crystallization is a ZSM-5 molecular sieve, and the silica-
to-alumina ratio is less than 80; and

if a slurry of the molecular sieve of MFI structure obtained by crystallization
is prepared by a template method, step b further comprises the steps of: drying the
water-washed molecular sieve and baking for a third time to remove the template
agent, and then carrying out desiliconization treatment.

12. The process according to the exemplary scheme 9 of the fourth series,
wherein in step b, the base in the alkaline solution is sodium hydroxide and/or
potassium hydroxide; and

the conditions for the desiliconization treatment comprise: a weight ratio of
the molecular sieve calculated on a dry basis to the base and water in the alkaline
solution of 1: (0.1-2): (5-15), a temperature of 10-100 °C and a duration of 0.2-4
hours.
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13. The process according to the exemplary scheme 9 or 10 of the fourth
series, wherein in step c, the conditions for the ammonium exchange treatment
comprise: a weight ratio on a dry basis of the molecular sieve to the ammonium salt
and water of 1: (0.1-1): (5-10), a temperature of 10-100 °C, and a duration of 0.2-4
hours; and

the ammonium salt is one or more selected from ammonium chloride,
ammonium sulfate and ammonium nitrate.

14. The process according to the exemplary scheme 9 or 10 of the fourth
series, wherein in step d, the phosphorus modification treatment comprises: carrying
out impregnation and/or ion-exchange to the molecular sieve with at least one
phosphorus-containing compound selected from phosphoric acid, diammonium
hydrogen phosphate, ammonium dihydrogen phosphate and ammonium phosphate;

the supporting treatment with the supported metal comprises: supporting a
compound containing a supported metal onto the molecular sieve by impregnation
and/or ion exchange in a single time or in batches; and

the conditions for the second baking treatment comprise: an atmosphere of air
atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C, and a
baking duration of 0.5-8 hours.

15. The process according to the exemplary scheme 7 of the fourth series,
wherein the second clay is at least one selected from the group consisting of kaolin,
sepiolite, attapulgite, rectorite, montmorillonite, halloysite, hydrotalcite, bentonite,

and diatomaceous earth.

16. The process according to the exemplary scheme 7 of the fourth series,
wherein the binder comprises a phosphorus-aluminum inorganic binder and an
additional inorganic binder; and relative to 8-78 parts by weight of the molecular
sieve of MFI structure rich in mesopores, the phosphorus-aluminum inorganic
binder is used in an amount of 3-39 parts by weight on a dry basis, and the
additional inorganic binders is used in an amount of 1-30 parts by weight on a dry
basis; and

the phosphorus-aluminum inorganic binder is an aluminophosphate gel and/or
a first clay-containing phosphorus-aluminum inorganic binder; and the additional
inorganic binder comprises at least one of pseudo-boehmite, alumina sol, silica-

alumina sol and water glass.
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17. The process according to the exemplary scheme 16 of the fourth series,
wherein the process further comprises: preparing the first clay-containing
phosphorus-aluminum inorganic binder by the steps of:

formulating an alumina source, the first clay and water into slurry, and
dispersing the slurry into a slurry with a solid content of 5-48 wt%; wherein the
alumina source is aluminum hydroxide and/or alumina capable of being peptized by
an acid, and the first clay is used in an amount of more than O part by weight and
not more than 42 part by weight relative to 10-40 part by weight of the alumina
source calculated as Al,Os3; and

adding concentrated phosphoric acid into the slurry at a weight ratio of P/Al =
1-6 under stirring, and reacting the mixed slurry for 15-90 minutes at 50-99 °C;
wherein in the P/Al, P represents the weight of phosphorus in the phosphoric acid
calculated as a simple substance, and Al represents the weight of aluminum in the

alumina source calculated as a simple substance.

18. An exemplary scheme 18 of the fourth series according to the present
invention provides a catalytic cracking aid prepared by the process according to any
one of the exemplary schemes 7 to 17 of the fourth series.

19. The exemplary scheme 19 of the fourth series according to the present
invention provides use of the catalytic cracking aid according to any one of the
exemplary schemes 1 to 6 of the fourth series and of the exemplary scheme 18 of
the fourth series for catalytically cracking a hydrocarbon oil.

20. The use according to the exemplary scheme 19 of the fourth series,
wherein the method for catalytic cracking the hydrocarbon oil comprises: contacting
and reacting the hydrocarbon oil with the catalytic cracking aid under the condition
of catalytic cracking; or, contacting and reacting the hydrocarbon oil with a catalytic
mixture containing the catalytic cracking aid and the catalytic cracking catalyst;

wherein the conditions for catalytic cracking comprise: a reaction temperature
of 500-800 °C.

21. The use according to the exemplary scheme 20 of the fourth series,
wherein the catalytic mixture comprises 0.1 to 30 wt% of the catalytic cracking aid.

22. The use according to the exemplary scheme 20 or 21 of the fourth series,
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wherein the hydrocarbon oil is one or more selected from crude oil, naphtha,
gasoline, atmospheric residue, vacuum residue, atmospheric wax oil, vacuum wax
oil, straight-run wax oil, propane light/heavy deoiling, coked wax oil, and coal
liquefaction product.

The inventors of the invention have discovered unexpectedly that the
hierarchical pore molecular sieve of MFI structure containing phosphorus and rare
earth prepared by desiliconizing the molecular sieve of MFI structure by a chemical
method, washing out sodium and then carrying out a phosphorus modification
treatment and a metal supporting treatment can be used in catalytic cracking

processes, useful as an active component of a catalyst or an aid.

The molecular sieve of MFI structure after desilication treatment provided by
the invention is rich in mesoporous structure, is beneficial to the migration of rare
earth to molecular sieve pore channels, and can strengthen the synergistic effect of

the rare earth and molecular sieve acid center.

The modified molecular sieve of MFI structure provided by the invention has
the characteristics of strong cracking capability, good shape-selective performance,
high ethylene yield and high ethylene selectivity.

Additional features and advantages of the invention will be set forth in the
detailed description which follows.

Embodiments of the Invention

The embodiments of the present invention will be described below in detail. It
should be understood that the embodiments and specific examples, while indicating
the preferred embodiment of the invention, are given by way of illustration and
explanation only, not limitation.

Molecular sieve of MFI structure rich in mesopores

According to the foregoing first aspect of the present invention, there is
provided a molecular sieve of MFI structure rich in mesopores, the molecular sieve
comprising a silicon component, an aluminum component, a phosphorus component
and a supported metal component, wherein the molecular sieve has a ratio of
n(SiO2)/n(Al203) of more than 15 and less than 70; the molecular sieve has a

content of phosphorus, calculated as P20s, of 1-15 wt% based on the dry weight of
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the molecular sieve; the molecular sieve has a supported metal content, calculated as
the oxide of the supported metal, of 1-10 wt% based on the dry weight of the
molecular sieve, wherein the supported metal is one or more selected from rare earth
elements, preferably one or two selected from lanthanum and cerium; the volume of
mesopores in the molecular sieve represents 40-70% by volume of the total pore
volume of the molecular sieve, the volume of mesopores and the total pore volume
of the molecular sieve are measured by a nitrogen adsorption BET specific surface
area method, and the volume of mesopores refers to the pore volume of the pores
having a diameter of more than 2 nm and less than 100 nm.

Preferably, the molecular sieve has a ratio of n(SiO2)/n(Al203) of more than
18 and less than 60; the molecular sieve has a content of phosphorus, calculated as
P20s, of 3-12 wt% based on the dry weight of the molecular sieve; the molecular
sieve has a supported metal content, calculated as the oxide of the supported metal,
of 3-8 wt% based on the dry weight of the molecular sieve; and the volume of
mesopores in the molecular sieve represents 45-65% by volume of the total pore

volume of the molecular sieve.

The invention studies the modification to the molecular sieve catalytic
material, improves the performance of promoting free radical reaction, and achieves
the purpose of modulating cracking activity and product distribution by modulating
the proportion of a carbonium ion route and a free radical route at the catalytic
cracking temperature, so as to improve the yield and selectivity of ethylene.

According to the invention, the RE distribution parameter, D, of the molecular
sieve of MFI structure rich in mesopores preferably satisfies: 0.9< D <I1.3,
preferably 0.9< D <I.1, wherein D = RE (S)/RE (C), RE (S) represents the content
of rare earth in any region of more than 100 nm? in a distance H inward from the
edge of a crystal face of the molecular sieve crystal grain measured by a TEM-EDS
method, and RE (C) represents the content of rare earth in any region of more than
100 nm? in a distance H outward from the geometric center of the crystal face of the
molecular sieve crystal grain measured by a TEM-EDS method, wherein H is 10%
of the distance from a certain point on the edge of the crystal face to the geometric
center of the crystal face. The molecular sieve having a RE distribution parameter,
D, satisfying the range above has more rare earth in the pore channel, thereby
improving the yield of ethylene, propylene and BTX.
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For the molecular sieve of MFI structure rich in mesopores of the present
invention, it is well known for those skilled in the art to determine the rare earth
content of the molecular sieve by TEM-EDS method, wherein the geometric center
is also well known to those skilled in the art, and can be calculated according to a
formula, which is not described herein. Generally, the geometric center of a general
symmetric graph is the intersection point of the connecting lines of respective
opposite vertexes. For example, the geometric center of a hexagonal crystal face of
a conventional hexagonal plate-shaped ZSM-5 is positioned at the intersection point
of three opposite vertexes.

Process of producing molecular sieve of MFI structure rich in mesopores

According to the aforementioned second aspect of the present invention, the
present invention also provides a process of producing the molecular sieve of MFI
structure rich in mesopores, the process comprising:

a. filtering and washing a slurry of a molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the
water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
less than 5 wt% based on the total dry weight of the water-washed molecular sieve
calculated as sodium oxide;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and then filtering and washing to provide a base washed molecular
sieve;

c. carrying out an ammonium exchange treatment on the base washed
molecular sieve obtained in step b to provide an ammonium exchanged molecular
sieve; wherein the ammonium exchanged molecular sieve has a sodium content,
calculated as sodium oxide, of less than 0.2 wt%, based on the total dry weight of
the ammonium exchanged molecular sieve; and

d. carrying out a phosphorus modification treatment, a supporting treatment
with the supported metal and a baking treatment on the ammonium exchanged
molecular sieve obtained in step ¢ to provide the molecular sieve of MFI structure
rich in mesopores.

According to the invention, said step d may be carried out by one or more
modes selected from:

mode (1):simultaneously carrying out a phosphorus modification treatment
and a supporting treatment with the supported metal on the ammonium exchanged
molecular sieve obtained in step c, and then carrying out a baking treatment.
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mode (2): sequentially carrying out a supporting treatment with the supported
metal, a baking treatment in a steam atmosphere, a phosphorus modification
treatment and a baking treatment in an air atmosphere on the ammonium exchanged
molecular sieve obtained in step c. By the mode, more rare earth can be contained
in the pore canal of the molecular sieve, thereby improving the yield of ethylene,
propylene and BTX.

mode (3): sequentially carrying out a supporting treatment with the supported
metal, a phosphorus modification treatment and a baking treatment on the
ammonium exchanged molecular sieve obtained in step c.

mode (4): sequentially carrying out a phosphorus modification treatment, a
baking treatment in the air atmosphere, a supporting treatment with the supported
metal and a baking treatment in a steam atmosphere on the ammonium exchanged

molecular sieve obtained in step c.

According to the present invention, a slurry of the molecular sieve of MFI
structure obtained by crystallization is well known to those skilled in the art, and
may be obtained by amine-free crystallization, or may be a molecular sieve slurry
prepared by a template method. For example, the molecular sieve of MFI structure
in the slurry of the molecular sieve of MFI structure obtained by crystallization is a
ZSM-5 molecular sieve, having a silica-to-alumina ratio of less than 80. It should be
noted that, if a slurry of the molecular sieve of MFI structure obtained by
crystallization is prepared by a template method, step b may further comprise:
carrying out drying and a second baking on the water-washed molecular sieve to
remove the template agent, before the desilication treatment, wherein the
temperatures for the drying and second baking are well known to those skilled in the
art and are not described in detail.

According to the present invention, the alkaline solution in step b is well
known to the person skilled in the art, and may for example be an aqueous solution
of an inorganic base, such as an aqueous solution of sodium hydroxide and/or
potassium hydroxide. The conditions for the desiliconization treatment may
comprise: a weight ratio of the molecular sieve calculated on a dry basis to the base
and water in the alkaline solution of 1: (0.1-2): (5-15), a temperature of from room
temperature to 100 °C, and a duration of 0.2-4 hours.

According to the present invention, in step ¢, the ammonium exchange

treatment is well known to those skilled in the art. For example, the ammonium
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exchange treatment comprises treating the base washed molecular sieve with an
aqueous solution of an ammonium salt. The conditions for the ammonium exchange
treatment comprise: a weight ratio on a dry basis of the molecular sieve to the
ammonium salt and water of 1: (0.1-1): (5-10), a temperature of between room
temperature and 100 °C, and a duration of 0.2-4 hours, and the ammonium salt can
be conventional inorganic ammonium salt, such as one or more selected from
ammonium chloride, ammonium sulfate and ammonium nitrate.

According to the present invention, in step d, the phosphorus modification
treatment is used for supporting phosphorus to the molecular sieve, and may
comprise: carrying out impregnation and/or ion exchange on at least one
phosphorus-containing compound selected from phosphoric acid, diammonium
hydrogen phosphate, ammonium dihydrogen phosphate, and ammonium phosphate.
The phosphorus modification treatment and the supporting treatment may be carried
out together or separately.

According to the present invention, in step d, the supporting treatment is used
for supporting a metal to the molecular sieve. For example, the supporting treatment
with the supported metal may comprise: supporting a compound containing a
supported metal onto the molecular sieve by impregnation and/or ion exchange in a

single time or in batches.

According to the invention, in step d, the baking treatment is well known to
the person skilled in the art. For example, the conditions of said baking treatment
comprise: an atmosphere of air atmosphere and/or steam atmosphere, a baking
temperature of 400-800 °C, and a baking duration of 0.5-8 hours.

Catalytic cracking catalyst

According to the foregoing third aspect of the present invention, the present
invention also provides a catalytic cracking catalyst, characterized in that the
catalytic cracking catalyst comprises, based on the dry weight of the catalytic
cracking catalyst: 0-25 wt% of a Y-type molecular sieve according to the invention;
5-75 wt% of the molecular sieve of MFI structure rich in mesopores according to
the invention; 1-60 wt% of an inorganic binder comprising a phosphorus-aluminum
inorganic binder and/or optionally an additional inorganic binder; and optionally

from O to 65 wt%, preferably from 10 wt% to 55 wt% of a second clay.
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The catalytic cracking catalyst provided by the invention has the performance
of promoting free radical reaction, which achieves the purposes of modulating
cracking activity and product distribution by modulating the proportion of a
carbonium ion route and a free radical route at the catalytic cracking temperature;
wherein the cracking catalyst, when being used for -catalytically cracking
hydrocarbon oil, can improve the yield and selectivity of ethylene, and
simultaneously keep the characteristics of higher yield and selectivity of propylene.

According to the invention, the RE distribution parameter, D, of the molecular
sieve preferably satisfies: 0.9< D <1.3, preferably 0.9< D <I.1, wherein D = RE
(S)/RE (C), RE (S) represents the content of rare earth in any region of more than
100 nm? in a distance H inward from the edge of a crystal face of the molecular
sieve crystal grain measured by a TEM-EDS method, and RE (C) represents the
content of rare earth in any region of more than 100 nm? in a distance H outward
from the geometric center of the crystal face of the molecular sieve crystal grain
measured by a TEM-EDS method, wherein H is 10% of the distance from a certain
point on the edge of the crystal face to the geometric center of the crystal face. The
molecular sieve pore canal with RE distribution parameter, D, satisfying the range
has more rare earth, thereby improving the yield of ethylene and propylene.

Regarding the catalytic cracking catalyst of the invention, it is well known for
those skilled in the art to determine the rare earth content of the molecular sieve by
a TEM-EDS method, wherein the geometric center is also well known to those
skilled in the art and can be obtained by calculation according to a formula, which is
not described in detail herein. Generally, the geometric center of a general
symmetric graph is the intersection point of the connection lines of the opposite
vertexes. For example, the geometric center of the hexagonal crystal face of a
conventional hexagonal plate-shaped ZSM-5 is positioned at the intersection point
of three opposite vertexes.

According to the present invention, the phosphorus-aluminum inorganic
binder which can be used for the inorganic binder may be a first clay-containing
phosphorus-aluminum inorganic binder and/or an aluminophosphate gel.

According to a specific embodiment of the present invention, particularly for

example for the I-type or II-type catalytic cracking catalyst, the phosphorus-
aluminum inorganic binder comprises 10 to 40 wt% of an aluminum component
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calculated as Al2O3, 40 to 80 wt% of a phosphorus component calculated as P2Os,
and not more than 42 wt% of a first clay calculated as dry weight, based on the dry
weight of the phosphorus-aluminum inorganic binder. .

Preferably, the phosphorus-aluminum inorganic binder (particularly for the I-
type or II-type catalytic cracking catalyst, for example) comprises 15 to 40 wt% of
an aluminum component calculated as Al203, 45 to 80 wt% of a phosphorus
component calculated as P2Os, and 1 to 40 wt% of a first clay calculated on a dry
basis; preferably, comprising 15 to 35 wt% of aluminum component calculated as
Al2O3, 50 to 75 wt% of phosphorus component calculated as P2Os, and 8 to 35 wt%
of first clay calculated as dry weight, and has a P/Al weight ratio of preferably 1.2
to 6.0, more preferably 2.0 to 5.0, and a pH value of preferably 1.5 to 3.0.

According to another embodiment of the present invention, the phosphorus-
aluminum inorganic binder may comprise 20 to 40 wt% of an aluminum component
calculated as Al2O3; and 60 to 80 wt% of a phosphorus component calculated as
P20s, based on the dry weight of the phosphorus-aluminum inorganic binder.

According to the present invention, clay is well known to those skilled in the
art, and the first clay may preferably comprise rectorite.

According to the present invention, the additional inorganic binder may be one
or more selected from inorganic oxide binders conventionally used in catalytic
cracking catalysts or catalyst binder components, other than the aluminophosphate

gel and phosphorus-aluminum inorganic binder.

According to an embodiment of the present invention, particularly for the I-
type catalytic cracking catalyst, for example, the catalytic cracking catalyst
preferably comprises 15 to 70 wt% of the molecular sieve of MFI structure rich in
mesopores of the present invention, 5 to 36 wt% of a binder, and 10 to 55 wt% of a
second clay on a dry basis.

According to an embodiment of the present invention, particularly for the II-
type catalytic cracking catalyst, the catalytic cracking catalyst comprises, on a dry
basis, 5 to 35 wt% of a phosphorus-aluminum inorganic binder, 1.5 to 20 wt% of a
Y-type molecular sieve, 10 to 45 wt% of the molecular sieve of MFI structure rich
in mesopores according to the present invention, 10 to 50 wt% of a second clay, and
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5 to 28 wt% of an additional inorganic binder.

Regarding the catalytic cracking catalyst according to the present invention,
particularly, for example, for the II-type catalytic cracking catalyst, the second clay
may preferably be one of kaolin, metakaolin, and rectorite. The catalyst of the
present invention, particularly, for example, for the II-type catalytic cracking
catalyst, preferably comprises 10 to 50 wt% of the second clay, for example, 12 to
28 wt% or 15 to 40 wt% of the second clay, based on the total weight of the catalyst.

Process of producing the catalytic cracking catalyst

According to the foregoing fourth aspect of the present invention, the present
invention also provides a process of producing the catalytic cracking catalyst of the
third aspect, the process comprising: mixing the molecular sieve of MFI structure
rich in mesopores (or additionally the Y-type molecular sieve being also added) with
a binder and optionally a second clay to formulate a slurry and formulating into a
slurry, spray drying the slurry, and optionally, carrying out a third baking treatment.

According to an embodiment of the present invention, particularly for the I-
type catalytic cracking catalyst, the weight ratio, on a dry basis, of the molecular
sieve of MFI structure rich in mesopores to the binder and the second clay may be
(8 to 78): (1-40): (0 to 65); preferably (15-70): (5-36): (10-55).

According to an embodiment of the present invention, particularly for the II-
type catalytic cracking catalyst, for example, the process of producing the catalytic
cracking catalyst further comprises: adding a Y-type molecular sieve and mixing
before formulating the slurry. The weight ratio, on a dry basis, of the Y-type
molecular sieve to the phosphorus-and rare earth-containing molecular sieve of MFI
structure rich in mesopores, the inorganic binder and the second clay can be (1-25):
(5-50): (1-60): (0 to 60); preferably (1.5-20): (10-45): (5-55): (10-50).

According to an embodiment of the present invention, particularly, for
example, for the I-type catalytic cracking catalyst, the process comprises the third
baking, and may further comprise: washing and optionally drying the product
obtained by the third baking; wherein the third baking can be carried out at a
temperature of 350-650 °C, for example 400-600 °C, preferably 450-550 °C, for 0.5-
6 hours or 0.5-2 hours; for which the washing can be carried out by one of
ammonium sulfate, ammonium chloride and ammonium nitrate, and the washing can
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be carried out at a temperature of 40-70 °C; and the drying treatment can be carried
out at a temperature of 100-200 °C, for example 100-150 °C, for 0.5-24 h, for
example 1-12 h.

According to an embodiment of the invention, particularly for example for the
II-type catalytic cracking catalyst, the process comprises the third baking, and may
further comprise: washing and optionally drying the product obtained by the third
baking; wherein the third baking can be carried out at a temperature of, for example,
400-600 °C, preferably 450-550 °C, for 0.5-12 hours; for which the washing can be
carried out by one of ammonium sulfate, ammonium chloride and ammonium
nitrate, and the washing can be carried out at a temperature of 40-80 °C, and the
drying treatment can be carried out at a temperature of 110-200 °C, for example
120-150 °C, for 0.5-18 h, for example 2-12 h.

For example, in one embodiment, the catalytic cracking catalyst of the present
invention, particularly the I-type or II-type catalytic cracking catalyst, may be
prepared by: mixing a binder (such as pseudo-boehmite, alumina sol, silica-alumina
gel or a mixture of two or more of them) with a second clay (such as kaolin) and
water (such as decationized water and/or deionized water) for formulating slurry
with a solid content of 10-50 wt%, uniformly stirring, adjusting the pH of the slurry
to 1-4 with an inorganic acid (such as hydrochloric acid, nitric acid, phosphoric acid
or sulfuric acid), standing and aging at 20-80 °C for 0-2 hours (such as 0.3-2 hours)
at the pH value, adding an alumina sol and/or silica sol, stirring for 0.5-1.5 hours to
form a colloid, and then adding a molecular sieve, wherein the molecular sieve
comprises the molecular sieve of MFI structure rich in mesopores and optionally a
Y-type molecular sieve, forming a catalyst slurry, wherein the solid content of the
catalyst slurry is 20-45 wt%, continuously stirring, and carrying out spray drying to
provide the microspherical catalyst. Then, the microspherical catalyst is subjected
to a first baking, for example, at 350-650 °C, or 400-600 °C, or 450-550 °C for 0.5-6
hours, or 0.5-2 hours, then washed by ammonium sulfate (wherein, the washing can
be at a temperature of 40-70 °C, a ratio of the ammonium sulfate: the microspherical
catalyst: water = 0.2-0.8: 1: 5-15 (weight ratio)) until the content of sodium oxide is
less than 0.25 wt%, washed by water, filtered, and then dried.

In one embodiment of the process of producing the catalytic cracking catalyst

according to the present invention, particularly for the I-type catalytic cracking
catalyst, the binder comprises a phosphorus-aluminum inorganic binder and an
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additional inorganic binder, and the weight ratio of the molecular sieve of MFI
structure rich in mesopores to the phosphorus-aluminum inorganic binder and the
additional inorganic binder may be (8-78): (3-39): (1-30), preferably (8-78): (5-38):
(5-25).

In one embodiment, particularly for the II-type catalytic cracking catalyst, the
binder comprises a phosphorus-aluminum inorganic binder and an additional
inorganic binder, and the weight ratio of the phosphorus-aluminum inorganic binder
to the additional inorganic binder may be (3 to 40): (1-30), preferably (5-35): (5-
28), more preferably (10-30): (5-25).

According to the process of producing the catalytic cracking catalyst provided
by the invention, the molecular sieve of MFI structure rich in mesopores, the
phosphorus-aluminum inorganic binder, the additional inorganic binder and the
optional second clay can be mixed for formulating slurry, for which the sequence of
feeding the raw materials is not specifically limited. For example, the phosphorus-
aluminum inorganic binder, the additional inorganic binder, the molecular sieve and
the second clay can be mixed (when the second clay is not contained, the relevant
feeding step can be omitted) for formulating slurry, while preferably, the second
clay, the molecular sieve and the additional inorganic binder are firstly mixed to
provide a slurry and then added to the phosphorus-aluminum inorganic binder,
which is beneficial to further improve the activity and selectivity of the catalyst.

The process of producing the catalytic cracking catalyst according to the
present invention also comprises the step of spray drying the slurry obtained by
producing the slurry. Methods of spray drying are well known to those skilled in the
art and no particular requirement is imposed by the present invention.

According to the invention, the phosphorus-aluminum inorganic binder may
be an aluminophosphate gel and/or a first clay-containing phosphorus-aluminum
inorganic binder. The alumina source used to produce the first clay-containing
phosphorus-aluminum inorganic binder may be at least one selected from the group
consisting of p-alumina, x-alumina, n-alumina, y-alumina, k-alumina, c-alumina, 0-
alumina, gibbsite, surge, nordstrandite, diaspore, boehmite, and pseudo-boehmite,
from which the aluminum component of the first clay-containing phosphorus-

aluminum inorganic binder is derived.
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According to the invention, the concentrated phosphoric acid used for
preparing the first clay-containing phosphorus-aluminum inorganic binder may have
a concentration of from 60 to 98wt%, more preferably from 75 to 90wt%. The
phosphoric acid is preferably fed at feeding rate of 0.01 to 0.10kg phosphoric
acid/min/kg alumina source, and more preferably 0.03 to 0.07kg of phosphoric
acid/min/kg alumina source.

In the above embodiments, the introduction of the clay into the first clay-
containing phosphorus-aluminum inorganic binder improves mass transfer and heat
transfer between materials during the preparation process, avoiding the binder to be
fixed caused by nonuniformly local instantaneous violent reaction, so as to provide
a binder having a bonding performance equivalent to that of the phosphorus-
aluminum inorganic binder prepared by a method without introducing the clay. In
addition, the process introduces clay, particularly rectorite with a layered structure,
to improve the heavy oil conversion capability by the obtained catalytic cracking
catalyst or aid, and ensure that the obtained catalyst or aid having better selectivity.

Method for catalytically cracking a hydrocarbon oil using the catalytic

cracking catalyst

According to the foregoing fifth aspect of the present invention, the present
invention also provides a method for catalytically cracking a hydrocarbon oil using
the catalytic cracking catalyst of the third aspect.

The method for catalytically cracking a hydrocarbon oil using the catalytic
cracking catalyst may be conventionally known in the art, for example, by
contacting a hydrocarbon oil with the catalytic cracking catalyst of the present
invention under catalytic cracking conditions. The catalytic cracking catalyst
provided by the invention can be used for catalytic cracking of various hydrocarbon
oils. The hydrocarbon oil may be one or more selected from various petroleum
fractions such as crude oil, naphtha, light oil, atmospheric residue, vacuum residue,
atmospheric wax oil, vacuum wax oil, straight-run wax oil, propane light/heavy
deoiling, coked wax oil, and coal liquefaction product. The hydrocarbon oil may
contain heavy metal impurities such as nickel and vanadium, and sulfur and nitrogen
impurities. For example, in the hydrocarbon oil, the content of sulfur may be as high
as 3.0 wt%, the content of nitrogen may be as high as 2.0 wt%, and the content of
metal impurities such as vanadium and nickel may be as high as 3000 ppm.
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The conditions under which the catalytic cracking is carried out may be
conventionally known in the art, and preferably comprise: a reaction temperature of
500 to 800 °C, for example 520 to 680 °C.

In one embodiment, the I-type catalytic cracking catalyst can be added
separately into a catalytic cracking reactor, for example, by contacting the
hydrocarbon oil with the I-type catalytic cracking catalyst of the present invention
under catalytic cracking conditions. In another embodiment, the I-type catalytic
cracking catalyst can be used as an aid for use as a catalytic mixture with an
additional conventional catalytic cracking catalyst. The I type catalytic cracking
catalyst provided by the invention represents no more than 30 wt% of the total
amount of the mixture, preferably 1-25 wt%, and more preferably 3-15 wt%.

In one embodiment of the invention, the content of the catalytic cracking aid
in the catalytic mixture may vary within a wide range, and may be, for example, 0.1
to 30 wt%, preferably 2 to 26 wt%.

In one embodiment of the invention, when using the catalytic mixture, the
conditions for catalytic cracking may be conventionally known in the art, preferably
including: a reaction temperature of 500-800 °C, such as 550-680 °C.

Examples
The present invention will be further illustrated by the following examples,

whilst the present invention is not limited thereto. The instruments and reagents
used in the examples of the present invention are those conventionally used by those
skilled in the art unless otherwise specified.

The effects by the catalyst on the yield, selectivity and the like of low-carbon
olefins in the catalytic cracking of petroleum hydrocarbons were evaluated by a
fixed bed micro-reaction. The catalyst sample prepared was aged for 17 hours at
800 °C under 100% steam on a fixed bed aging device, and was evaluated on the
micro-reaction device, wherein the raw material oil was VGO or naphtha under the
conditions of a reaction temperature at 620 °C, a regeneration temperature at 620 °C
and a catalyst-oil ratio of 3.2.

The crystallinity involved in the process of the present invention was

measured by a standard method of ASTM D5758-2001 (2011) e 1.
The ratio of n(Si02)/n(Al203), namely the silicon-aluminum ratio, involved in
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the process of the present invention was obtained by calculating the contents of
silicon oxide and aluminum oxide, where the contents of the silicon oxide and the
aluminum oxide were measured by a GB/T30905-2014 standard method.

The content of phosphorus involved in the process of the present invention
was determined by a GB/T30905-2014 standard method, and the content of the
supported metal was determined by the GB/T30905-2014 standard method.

The specific surface area involved in the process of the invention was
determined using the GB5816 standard method.

The pore volume involved in the process of the invention was determined
using the GB5816 standard method.

The sodium content involved in the process of the invention was determined
by a GB/T30905-2014 standard method.

The RIPP standard method (if related) involved in the invention can be seen in
“Petrochemical Analysis Methods”, edited by YANG Cuiding et al, 1990.

The micro-activity (conversion, etc.) of the process of the invention was
determined using the ASTM D5154-2010 standard method.

The D value was calculated as follows: selecting a crystal grain and a certain
crystal face of the crystal grain under a Transmission Electron Microscopy to form a
polygon, wherein the polygon has a geometric center, an edge and a 10% distance H
from the geometric center to a certain point of the edge (different edge points and
different H values); respectively selecting any one region in the inward H distance
from the edge of the crystal face which was greater than 100 nm? and any one
region in the outward H distance from the geometric center of the crystal face which
was greater than 100 nm?, measuring the content of rare earth (if two kinds of rare
earth existing, measuring the total content of the rare earth), namely RE (S1) and
RE (C1), calculating D1= RE (S1)/RE (C1), respectively selecting different crystal
grains to measure for 5 times, and calculating the average value, provide the D

value.

Some of the raw materials used in the examples had the following properties:
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the pseudoboehmite was an industrial product produced by Shandong
Aluminum Industry Company, having a solid content of 60wt%; the alumina sol was
an industrial product produced by Qilu Division of Sinopec catalyst Co., Ltd.,
having a content of Al,O3 of 21.5wt%; the silica sol was an industrial product
produced by Qilu Division of Sinopec Catalyst Co., Ltd., having a content of SiO»
of 28.9wt%, and a content of NaxO of 8.9%; the kaolin was a kaolin special for a
catalytic cracking catalyst produced by Suzhou Kaolin Company, having a solid
content of 78 wt%; the rectorite was produced by Hubei Zhongxiang Mingliu
Rectorite Company, having a content of quartz sand of less than 3.5wt%, a content
of AlbOs3 of 39.0wt%, a content of NaO of 0.03wt%, and a solid content of 77wt%;
the SB aluminum hydroxide powder was manufactured by Condex, Germany, having
an Al,O3 content of 75wt%; the y-alumina was manufactured by Condex, Germany,
having an Al2Os3 content of 95wt%, and the hydrochloric acid, chemical purity,
having concentration 36-38wt%, was produced by Beijing Chemworks.

The following examples were provided to prepare the molecular sieve of MFI
structure rich in mesopores according to the present invention and comparative

examples were provided to prepare molecular sieves for comparison.

Example 1

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al>O3) = 27 was
filtered off the mother liquor, washed with water until the content of NaxO (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65 °C, reacted for 30 min, rapidly cooled to room temperature, filtered,
and washed until the filtrate was neutral. Then, 800g of water was added into the
filter cake for formulating slurry, 40 g of NH4CIl was added, heated to 75 °C, for
exchange treatment for 1 h until the content of Na>O (on dry basis) was lower than
0.2 wt%, filtered, and washed to provide a molecular sieve filter cake. 50g (dry
basis) of the molecular sieve filter cake was added with water to obtain a slurry, so as to
provide a molecular sieve slurry with a solid content of 40 wt%. 9.7g H3PO4 (having a
concentration of 85 wt%) and 8.1g La (NO3)3-6H>O were added, uniformly mixed,
immersed, dried and treated in an air atmosphere at 550 °C for 2 hours. The molecular
sieve MS-A was thus obtained, for which the physicochemical property data were
listed in Table 1-1.
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Example 2

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al>O3) = 27 was
filtered off the mother liquor, washed with water until the content of NaxO (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 5.8g H3POas(having a
concentration of 85 wt%) and 4.9g Ce(NO3)2-6H>O were added, uniformly mixed,
immersed, dried and treated in an air atmosphere at 550°C for 2 hours. The
molecular sieve MS-B was thus obtained, for which the physicochemical property
data were listed in Table 1-1.

Example 3

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of Na>xO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 11.6g H3POs4(having a
concentration of 85 wt%), 8.1g La(NO3); ‘6H20 and 4.9g Ce(NO3)2:6H20 were
added, uniformly mixed, immersed, dried and treated in an air atmosphere at 550°C
for 3 hours. The molecular sieve MS-C was thus obtained, for which the
physicochemical property data were listed in Table 1-1.

Example 4

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(SiO2)/n(Al203) = 27 was
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filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of Na2O (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 5.8g H3POas(having a
concentration of 85 wt%) and 3.3g Ce(NO3)2-6H20 were added, uniformly mixed,
immersed, dried and treated in an air atmosphere at 550°C for 2 hours. The
molecular sieve MS-D was thus obtained, for which the physicochemical property
data were listed in Table 1-1.

Example 5

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 5.8g H3POas(having a
concentration of 85 wt%) and 14.7g Ce(NO3)2-6H>O were added, uniformly mixed,
immersed, dried and treated in an air atmosphere at 550°C for 2 hours. The
molecular sieve MS-E was thus obtained, for which the physicochemical property
data were listed in Table 1-1.

Example 6

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
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heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 8.1g La(NO3) 3-6H20 was
added, uniformly mixed, immersed, dried and treated in a steam atmosphere at
550°C for 2 hours. The molecular sieve was added with water to obtain a molecular
sieve slurry with a solid content of 40 wt%. 9.7g H3POu4(having a concentration of
85 wt%) was added, uniformly mixed, immersed, dried and treated in an air
atmosphere at 550°C for 2 hours. The molecular sieve MS-A-1 was thus obtained,
for which the physicochemical property data were listed in Table 1-2.

Example 7

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 4.9g Ce(NO3)2-6H,0 was
added, uniformly mixed, immersed, dried and treated in a steam atmosphere at
550°C for 2 hours. The molecular sieve was added with water to obtain a molecular
sieve slurry with a solid content of 40 wt%. 5.8g H3POas(having a concentration of
85 wt%) was added, uniformly mixed, immersed, dried and treated in an air
atmosphere at 550°C for 2 hours. The molecular sieve MS-B-1 was thus obtained,
for which the physicochemical property data were listed in Table 1-2.

Example 8

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
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basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 8.1g La(NO3)3-6H>O and
4.9g Ce(NO3)2- 6H20 were added, uniformly mixed, immersed, dried and treated in
a steam atmosphere at 550°C for 2 hours. The molecular sieve was added with
water to obtain a molecular sieve slurry with a solid content of 40 wt%. 11.6g
H3PO4(having a concentration of 85 wt%) was added, uniformly mixed, immersed,
dried and treated in an air atmosphere at 550°C for 2 hours. The molecular sieve
MS-C-1 was thus obtained, for which the physicochemical property data were listed
in Table 1-2.

Example 9

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of Na>O (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 3.3g Ce(NO3)2-6H,0 was
added, uniformly mixed, immersed, dried and treated in a steam atmosphere at
550°C for 2 hours. The molecular sieve was added with water to obtain a molecular
sieve slurry with a solid content of 40 wt%. 5.8g H3PO4(having a concentration of
85 wt%) was added, uniformly mixed, immersed, dried and treated in an air
atmosphere at 550°C for 2 hours. The molecular sieve MS-D-1 was thus obtained,
for which the physicochemical property data were listed in Table 1-2.

Example 10

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(SiO2)/n(Al203) = 27 was
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filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of Na2O (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 14.7g Ce(NO3)2-6H>0O was
added, uniformly mixed, immersed, dried and treated in a steam atmosphere at
550°C for 2 hours. The molecular sieve was added with water to obtain a molecular
sieve slurry with a solid content of 40 wt%. 5.8g H3POs(having a concentration of
85 wt%) was added, uniformly mixed, immersed, dried and treated in an air
atmosphere at 550°C for 2 hours. The molecular sieve MS-E-1 was thus obtained,
for which the physicochemical property data were listed in Table 1-2.

Example 11

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 8.1g La(NOs3)3-6H>O was
added, uniformly mixed, immersed, and dried. The molecular sieve was added with
water to obtain a molecular sieve slurry with a solid content of 40 wt%. 9.7g
H3PO4(having a concentration of 85 wt%) was added, uniformly mixed, immersed,
dried and treated in an air atmosphere at 550°C for 2 hours. The molecular sieve
MS-A-2 was thus obtained, for which the physicochemical property data were listed
in Table 1-2.

Example 12

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
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Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
filtered off the mother liquor, washed with water until the content of Na>O (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of NaxO (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 9.7g H3PO4 (having a
concentration of 85 wt%) was added, uniformly mixed, immersed, dried and treated
in an air atmosphere at 550°C for 2 hours. The molecular sieve was added with
water to provide a molecular sieve slurry with a solid content of 40 wt%. 8.1g
La(NO3)3-6H20 was added, uniformly mixed, immersed, dried and treated in a
steam atmosphere at 550°C for 2 hours. The molecular sieve MS-A-3 was thus
obtained, for which the physicochemical property data were listed in Table 1-2.

Comparative example 1

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al2O3) = 27 was
exchanged and washed by NH4Cl until the content of Na>O (on dry basis) was lower
than 0.2 wt%. 50g (dry basis) of the molecular sieve filter cake was added with
water to obtain a slurry, so as to provide a molecular sieve slurry with a solid
content of 40 wt%. 7.7g H3POas(having a concentration of 85 wt%) and 8.1g
La(NO3)3-6H>0O were added, uniformly mixed, immersed, dried and treated in an air
atmosphere at 550°C for 3 hours. The molecular sieve MS-DB1 was thus obtained,
for which the physicochemical property data were listed in Table 1-1.

Comparative Example 2

A crystallized ZSM-5 molecular sieve (produced by Qilu Division of Sinopec
Catalyst Co., Ltd., synthesized by an amine-free method, n(Si02)/n(Al>O3) = 27 was
filtered off the mother liquor, washed with water until the content of NaxO (on dry
basis) was lower than 5.0 wt%, and filtered to provide a filter cake. 100g (dry
basis) of the molecular sieve was added into 1000 g of 2.0 wt% NaOH solution,
heated to 65°C, reacted for 30 min, rapidly cooled to room temperature, filtered, and
washed until the filtrate was neutral. Then, 800g of water was added into the filter
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cake for formulating slurry, 40 g of NH4Cl was added, heated to 75°C, for exchange
treatment for 1 h until the content of Na>O (on dry basis) was lower than 0.2 wt%,
filtered, and washed to provide a molecular sieve filter cake. 50g (dry basis) of the
molecular sieve filter cake was added with water to obtain a slurry, so as to provide
a molecular sieve slurry with a solid content of 40 wt%. 9.7g H3PO4 (having a
concentration of 85 wt%) was added, uniformly mixed, immersed, dried and treated
in an air atmosphere at 550°C for 2 hours. The molecular sieve MS-DB2 was thus
obtained, for which the physicochemical property data were listed in Table 1-1.

TABLE 1-1

MS-  MS-
DB1 DB2

Degree of crystallization/%) [ 51 53 50 53 50 51 65

Item MS-A MS-B MS-C MS-D MS-E

n(Si02)/n(Al203) 24 24 23 24 24 27 23
P»Os content/% 10 6 12 6 6 8 10

Content of supported rare
earth oxide/%)

Seet/(m?/g) 325 345 318 346 320 312 350

5 3 8 2 9 5 0

(Vmesopore/VTota] pore)/% 56 62 50 61 5 8 1 8 60
RE distribution parameter, D| 1.27 1.25 129 121 134 278 -
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Table 1-2
MS-A- MS-B- MS-C- MS-D-|MS-E- MS-A- MS-A-
1 1 1 1 1 2 3

Degree of crystallization/%) 51 53 50 53 50 51 51

Item

n(Si02)/n(ALO3) 24 24 23 24 | 24 24 24

P>0Os content/% 10 6 12 6 6 10 10

Content of supported rare
3 8 2 9 5 5

earth oxide/%)
Seet/(M?/g) 332 349 323 351 328 325 325
(Vmesopore/ VTotal pore )/ % 58 65 51 63 60 56 56

RE distribution parameter, D 1.01 = 095 1.05 092 | 1.08 1.31 1.28

The following examples were provided to prepare the phosphorus-aluminum

inorganic binders used in the present invention.

Example 13

This example was provided to prepare a phosphorus-aluminum inorganic
binder according to the present invention.

1.91 kg of pseudoboehmite (containing Al2O3, 1.19 kg), 0.56 kg of kaolin (0.5
kg on a dry basis) and 3.27 kg of decationized water were formulated into a slurry
for 30 minutes, 5.37 kg of concentrated phosphoric acid (85% by mass) was added
to the slurry with stirring at a rate of 0.04 kg of phosphoric acid/min/kg of alumina
source. The temperature was raised to 70 °C and the reaction was carried out at this
temperature for 45 minutes, so as to provide the phosphorus-aluminum inorganic
binder. The formulation of materials was shown in Table 2, and the binder Binderl
was obtained.

Examples 14 to 16
Phosphorus-aluminum inorganic binders were prepared according to the
process of example 14, and the formulation of materials was as shown in Table 2, to

provide binders Binder 2-4.
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TABLE 2

Examples Example 13~ Example 14 ~ Example 15 | Example 16
Binder No. Binderl Binder2 Binder3 Binder4
Pseudo-boehmite, kg 1.91 1.60
AlLOs, kg 1.19 1.00
SB, kg 0.94
AlLO3s, kg 0.70
v-ALO3, kg 0.58
AlLOs, kg 0.58
Rectorite, kg 1.28 1.93
Dry basis, kg 1.00 1.50
Kaolin, kg 0.56
Dry basis, kg 0.50
Phosphoric acid, kg 5.37 5.36 4.03 6.50
P20s, kg 3.31 3.30 292 4.0
Decationized water, kg 3.27 6.71 20.18 4.40
Total amount, kg 11.11 14.29 25.00 12.5
Total dry basis, kg 5.00 5.00 5.00 5.00
Solid content of binder ,
keke 0.45 0.35 0.20 0.40
P/Al 2.29 3.89 4.19 3.30
ALOs, wt% 23.82 14.00 11.53 20.00
P20s, wt% 66.18 66.00 58.47 80.00
First clay, wt% 10.00 20.00 30.00 0.00
pH value 2.20 2.37 1.78 2.46

The following examples were provided to prepare the catalytic cracking

catalysts of the present invention, and the following comparative examples 3-1, 4-1

were provided to prepare comparative catalytic cracking catalysts.
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Example 17-1

A molecular sieve MS-A, Y-type molecular sieve (PSRY molecular sieve),
kaolin and pseudo-boehmite were added with decationized water and alumina sol for
formulating slurry for 120 minutes, to provide a slurry with a solid content of 30
wt%. Hydrochloric acid was added to adjust the pH value of the slurry to be 3.0,
and then continued to formulate the slurry for 45 minutes. Then the phosphorus-
aluminum inorganic binder prepared in example 13 was added, stirred for 30
minutes, and the slurry obtained was spray-dried to provide microspheres. The
microspheres were baked at 500 °C for 1 hour to provide Cl1, for which the

formulation was shown in Table 3-1.

Comparative examples 3-1 and 4-1

Catalytic cracking catalysts were prepared according to the process as
described in example 17-1, except that molecular sieves MS-DB1 and MS-DB2
were used in place of MS-A, respectively, to provide DC1 and DC2, for which the

formulations were shown in Table 3-1.

Example 18-1

A molecular sieve MS-B, Y-type molecular sieve (PSRY molecular sieve),
kaolin and pseudo-boehmite were added with decationized water and alumina sol for
formulating slurry for 120 minutes, to provide a slurry with a solid content of 30
wt%. Hydrochloric acid was added to adjust the pH value of the slurry to be 3.0,
and then continued to formulate the slurry for 45 minutes. Then the phosphorus-
aluminum inorganic binder prepared in example 14 was added, stirred for 30
minutes, and the slurry obtained was spray-dried to provide microspheres. The
microspheres were baked at 500°C for 1 hour to provide C2, for which the
formulation was shown in Table 3-1.

Example 19-1

A molecular sieve MS-C, Y-type molecular sieve (HRY molecular sieve),
kaolin and pseudo-boehmite were added with decationized water and alumina sol for
formulating slurry for 120 minutes, to provide a slurry with a solid content of 30
wt%. Hydrochloric acid was added to adjust the pH value of the slurry to be 3.0,
and then continued to formulate the slurry for 45 minutes. Then the phosphorus-
aluminum inorganic binder prepared in example 15 was added, stirred for 30
minutes, and the slurry obtained was spray-dried to provide microspheres. The
microspheres were baked at 500°C for 1 hour to provide C3, for which the
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formulation was shown in Table 3-1.

Example 20-1

A molecular sieve MS-A, Y-type molecular sieve (PSRY molecular sieve),
kaolin and pseudo-boehmite were added with decationized water and silica sol for
formulating slurry for 120 minutes, to provide a slurry with a solid content of 30
wt%. Hydrochloric acid was added to adjust the pH value of the slurry to be 3.0,
and then continued to formulate the slurry for 45 minutes. Then the phosphorus-
aluminum inorganic binder prepared in example 16 was added, stirred for 30
minutes, and the slurry obtained was spray-dried to provide microspheres. The
microspheres were baked at 500°C for 1 hour to provide C4, for which the
formulation was shown in Table 3-1.

Example 21-1

A molecular sieve MS-A, Y-type molecular sieve (PSRY molecular sieve) and
kaolin were added with decationized water for formulating slurry for 120 minutes.
Then the phosphorus-aluminum inorganic binder prepared in example 13 was added,
to provide a slurry with a solid content of 30 wt%. After stirring for 30 minutes, the
slurry obtained was spray-dried to provide microspheres. The microspheres were
baked at 500°C for 1 hour to provide C5, for which the formulation was shown in
Table 3-1.

Example 22-1

A precursor of an inorganic oxidation binder (alumina sol) and kaolin were
mixed according to the formulation of raw materials in the Table 3-1, formulated
into a slurry with a solid content of 30 wt% using decationized water, and uniformly
stirred. pH value of the slurry was adjusted to 2.8 using hydrochloric acid, stood and
aged at 55 °C for 1 hour. A molecular sieve of MFI structure rich in mesopores and a
Y-type molecular sieve (PSRY molecular sieve) were added to form a catalyst slurry
(with a solid content of 35 wt%), continuously stirred, and spray dried to provide
the microspherical catalyst. The microspherical catalyst was then baked at 500 °C
for 1 hour, washed with ammonium sulfate (where ammonium sulfate:
microspherical catalyst: water =0.5:1: 10) at 60 °C to have a sodium oxide content
of less than 0.25 wt%, rinsed with deionized water and filtered, and then dried at
110 °C to give catalyst C6, the formulation of which was shown in Table 3-1.
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TABLE 3-1

Item Ex. |C.Ex.|C.Ex.| Ex. | Ex. | Ex. | Ex. | Ex.
17-1| 3-1 | 4-1 | 18-1|19-1]|20-1|21-1 | 22-1
Catalyst No. Cl ]1)C 2DC C2 |C3 |4 |C5 |C6
Molecular sieve, wt%
MS-A 40 30 (40 |40
MS-DB1 40
Molecular sieve of
MFI structure, wt% MS-DB2 40
MS-B 40
MS-C 35
Content of Y | PSRY 10 10 10 10 16 10 10
molecular sieve, wt% | HRY 10
Clay, wt%
Kaolin clay 18 18 18 18 18 18 |25 |25
Phosphorus-aluminum inorganic
binder, wt%
Binderl 18 18 18 25
Binder2 18
Binder3 22
Binder4 20
Additional binder, wt%
Pseudo-boehmite, calculated as Al2O3 5 5 5 5 10 6
Aluminum sol, calculated as Al2O3 9 9 9 9 5 25
Silica sol, calculated as SiO2 10

The following examples were provided to prepare catalytic cracking aids
according to the present invention, and comparative examples 3-2, 4-2 were
provided to prepare comparative catalytic cracking aids.

Example 17-2

A molecular sieve MS-A, kaolin and pseudo-boehmite were added with
decationized water and alumina sol for formulating slurry for 120 minutes, to
provide a slurry with a solid content of 30 wt%. Hydrochloric acid was added to
adjust the pH value of the slurry to be 3.0, and then continued to formulate the
slurry for 45 minutes. Then the phosphorus-aluminum inorganic binder prepared in
example 13 was added, stirred for 30 minutes, and the slurry obtained was spray-
dried to provide microspheres. The microspheres were baked at 500°C for 1 hour to
provide ZJ1, for which the formulation was shown in Table 3-2.
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Comparative examples 3-2 and 4-2

Catalytic cracking aids were prepared according to example 17-2, except that
molecular sieves MS-DB1 and MS-DB2 were used in place of MS-A to provide
DZJ1 and DZJ2, respectively, for which the formulations were shown in Table 3-2.

Example 18-2

A molecular sieve MS-B, kaolin and pseudo-boehmite were added with
decationized water and alumina sol for formulating slurry for 120 minutes, to
provide a slurry with a solid content of 30 wt%. Hydrochloric acid was added to
adjust the pH value of the slurry to be 3.0, and then continued to formulate the
slurry for 45 minutes. Then the phosphorus-aluminum inorganic binder prepared in
example 14 was added, stirred for 30 minutes, and the slurry obtained was spray-
dried to provide microspheres. The microspheres were baked at 500°C for 1 hour to
provide ZJ1, for which the formulation was shown in Table 3-2.

Example 19-2

A molecular sieve MS-C, kaolin and pseudo-boehmite were added with
decationized water and alumina sol for formulating slurry for 120 minutes, to
provide a slurry with a solid content of 30 wt%. Hydrochloric acid was added to
adjust the pH value of the slurry to be 3.0, and then continued to formulate the
slurry for 45 minutes. Then the phosphorus-aluminum inorganic binder prepared in
example 15 was added, stirred for 30 minutes, and the slurry obtained was spray-
dried to provide microspheres. The microspheres were baked at 500°C for 1 hour to
provide ZJ3, for which the formulation was shown in Table 3-2.

Example 20-2

A molecular sieve MS-A, kaolin and pseudo-boehmite were added with
decationized water and alumina sol for formulating slurry for 120 minutes, to
provide a slurry with a solid content of 30 wt%. Hydrochloric acid was added to
adjust the pH value of the slurry to be 3.0, and then continued to formulate the
slurry for 45 minutes. Then the phosphorus-aluminum inorganic binder prepared in
example 16 was added, stirred for 30 minutes, and the slurry obtained was spray-
dried to provide microspheres. The microspheres were baked at 500°C for 1 hour to
provide ZJ4, for which the formulation was shown in Table 3-2.

Example 21-2

A molecular sieve MS-A and kaolin were added with decationized water for
formulating slurry for 120 minutes, followed by additionally formulating slurry for
45 minutes. Then the phosphorus-aluminum inorganic binder prepared in example
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13 was added, to provide a slurry with a solid content of 30 wt%. After stirring for
30 minutes, the slurry obtained was spray-dried to provide microspheres. The
microspheres were baked at 500°C with 1 hour to provide ZJ5, for which the
formulation was shown in Table 3-2.

Example 22-2

A binder of alumina sol and kaolin were mixed according to the formulation
of raw materials shown in the Table 3-2, formulated into a slurry with a solid
content of 30 wt% using decationized water, and uniformly stirred. The pH value of
the slurry was adjusted to 2.8 using hydrochloric acid, stood and aged for 1 hour at
55 °C. A molecular sieve MS-A was added to form a catalyst slurry (with a solid
content of 35 wt%), continuously stirred, and spray dried to provide the
microspherical catalyst. The microspherical catalyst was then baked at 500 °C for 1
hour, washed with ammonium sulfate (where ammonium sulfate: microspherical
catalyst: water =0.5:1: 10) at 60 °C to a sodium oxide content of less than 0.25 wt%,
rinsed with deionized water and filtered, and then dried at 110 °C to provide catalyst
7J6, for which the formulation was shown in Tables 3-2.
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TABLE 3-2

Ex. Ex. Ex.  Ex. Ex. Ex.
Item C.Ex. 3-2 C.Ex. 4-2

17-2 18-2 19-2 20-2 21-2 22-2
No. of aid ZJ1 DZJ1 Dz)2  Z)2 Z)J3 ZJ4 Z)5  ZJ6

Molecular sieve, wt%

MS-A 51 39 51 51
MS-DB1 51
MS-DB2 51

MS-B 51
MS-C 44

Clay, wt%

Kaolin clay 22 22 22 22 19 25 22 | 22

Phosphorus-aluminum

inorganic binder, wt%

Binderl 18 18 18 27

Binder2 18

Binder3 22
Binder4 20

Additional binder, wt%

Pseudo-boehmite,
calculated as Al,O3
Aluminum sol,
calculated as Al,O3
Silica sol,

10

calculated as SiO>

In the following examples, a fixed bed micro-reaction evaluation device was
used to evaluate the reaction performance of the catalysts C1-C6 prepared in the
examples of the invention, so as to illustrate the catalytic cracking reaction effect of
the catalytic cracking catalyst provided by the invention.

Examples 23-1 to 28-1
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The catalysts C1-C6 were respectively subjected to aging treatment at 800 °C

under the condition of 100% steam atmosphere for 17 hours. The aged catalyst was

loaded into a fixed bed micro-reactor, and the raw oil shown in Table 4 was

catalytically cracked under the evaluation conditions of a reaction temperature of

620 °C, a regeneration temperature of 620 °C and a catalyst-to-oil ratio of 3.2. The

reaction results of the respective catalysts were shown in Table 5-1.

TABLE 4
Item Raw oil
Density (20 °C), g/cm3 0.9334
Refraction (70 degree) 1.5061
Four components, m%
Saturated hydrocarbons 55.6
Aromatic hydrocarbons 30
Gum material 14.4
Asphaltenes <0.1
Freezing point, ° C 34
Metal content, ppm
Ca 39
Fe 1.1
Mg (Mg) <0.1
Na (Na) 0.9
Ni 3.1
Pb <0.1
v 0.5
C m% 86.88
Hm% 11.94
S m% 0.7
Carbon residue, m% 1.77
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Comparative examples 5-1 and 6-1 were provided to evaluate catalysts DC1
and DC2 prepared in comparative examples of the present invention in a fixed bed
micro-reaction evaluation device to illustrate the comparative catalysts.

Comparative examples 5-1 and 6-1 catalytically cracked the same feed oil by
the same method as in example 23-1, except that the catalysts used were DCI1 and
DC2, respectively, which had been subjected to the same aging process as in

example 23-1. The reaction results of the respective catalysts were shown in Table
5-1.

TABLE 5-1
Item Ex.23- CEx. C.Ex. Ex.24- Ex.25-|Ex.26- Ex.27- Ex.28-
1 5-1 6-1 1 1 1 1 1
Catalyst C1 DC1 DC2 C2 C3 C4 C5 Co6
Balance of
materials/%, wt%
Dry gas 17.66  15.18 16.61  20.87 2198 19.27 20.61 2447

Liquefied gas | 29.07 24.57 27.1 28.8 | 3043 28.05 32.12 28.12

Gasoline 2488  28.0 2421 19.61 17.18 21.32 1638 17.38

Diesel oil 842 | 12.38 11.14 1042 642  10.03 8.61 8.55

Heavy oil 3.93 3.92 4.08 347 395 504 441 4.6l
Coke 16.04 15.95 16.86 16.83 20.04 16.29 17.87 16.87

Ethylene yield ~ 8.89 2.86 3.54 735 526 583 781 931

Propylene yield 13.44  8.68 9.85 11.96 1041 11.03 1391 11.01

In examples 29-1 to 34-1, the catalysts C1 to C6 were subjected to aging
treatment at 800 °C in a 100% steam atmosphere for 17 hours. The aged catalyst was
loaded into a fixed bed micro-reactor, and naphtha shown in Table 6 was
catalytically cracked under the evaluation conditions of a reaction temperature of
620 °C, a regeneration temperature of 620 °C and a catalyst-to-oil ratio of 3.2. The
results of the respective catalyst reactions were shown in Table 7-1.

Comparative examples 7-1 and 8-1 were provided to evaluate catalysts DCI,

DC2, and DC3 prepared in comparative examples of the present invention using a
fixed bed micro-reaction evaluation device to illustrate the comparative catalysts.
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Comparative examples 7-1 and 8-1 catalytically cracked the same feed oil by

the same method as in example 29-1, except that the catalysts used were catalysts
DCI1, DC2 and DC3 which had been subjected to the same aging process as in
example 29-1, respectively. The results of the respective catalyst reactions were

shown in Table 7-1.

TABLE 6
Materials Naphtha fraction
Density (20°C)/(g-m™3) 735.8
Vapor pressure/kPa 32
Composition in mass/%
Paraffin hydrocarbon 51.01
n-alkanes 29.40
Cycloalkanes 38.24
Olefins 0.12
Aromatic hydrocarbons 10.52
Distillation range/°C
First distillation 45.5
5% 72.5
10% 86.7
30% 106.5
50% 120.0
70% 132.7
90% 148.5
95% 155.2
End point of distillation 166.5
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TABLE 7-1

Ex. 29-1 C.Ex. 7-1 C.Ex. 8-1 Ex. 30-1 Ex. 31-1 Ex. 32-1 Ex.33-1 Ex. 34-1

Catalyst Cl DCl1 DC2 C2 C3 Cc4 C5 Co6

Cracking gas
product yield/wt%

Ethylene yield 11.13 3.54 4.92 9.92 8.55 9.11 9.17 12.88

Propylene yield | 14.37 9.25 10.93 12.51 @ 11.61 12.15 1434 | 11.34

As seen from the data in Tables 5-1 and 7-1, when different raw oils were
catalytically cracked, the catalysts containing the ZSM-5 molecular sieve rich in
mesopores and modified with rare earth and phosphorus according to the present
invention showed excellent performance of producing ethylene and propylene in
high yield, wherein the yields of ethylene and propylene were the highest when a
catalytic cracking catalyst containing a proper amount of aluminophosphate and an
additional inorganic binder was used, while the yield of ethylene was significantly
lower when a catalyst containing the molecular sieve without rare earth or
phosphorus modification, or a catalyst containing the ZSM-5 molecular sieve
modified with rare earth and phosphorus without a pore expansion treatment, was
used.

The blank test examples and inventive examples described below used a fixed
bed micro-reaction evaluation device to evaluate the reaction performance of 100%
of equilibrium agent and the aids ZJ1-ZJ6 prepared by incorporating the equilibrium
agent into the invention examples, so as to demonstrate the catalytic cracking
reaction effect of the catalytic cracking aid provided by the invention.

Blank test example, and examples 23-2 to 28-2

The aids ZJ1-ZJ6 were respectively subjected to aging treatment at 800 °C
under the condition of 100% steam atmosphere for 17 hours. The aged ZJ1-ZJ6 and
an industrial FCC equilibrium catalyst (a FCC equilibrium catalyst under an
industrial brand of DVR-3, having a Micro-activity of 63) were respectively mixed.
The mixture of the equilibrium agent and the catalyst was loaded into a fixed bed
micro-reactor, and the raw oil as shown in Table 4 was catalytically cracked under
the evaluation conditions of a reaction temperature of 620 °C, a regeneration
temperature of 620 °C, and a catalyst-to-oil ratio of 3.2. The weight composition of
each catalyst mixture and the reaction results were given in Table 5-2.
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Comparative examples 5-2 and 6-2 were provided to evaluate the performance
of the aids DZJ1 and DZJ2 incorporated with the equilibrium agent prepared in the
comparative examples of the present invention in a fixed bed micro-reaction
evaluation device to illustrate the use of the comparative aids.

Comparative examples 5-2 and 6-2 catalytically cracked the same feed oil by
the same method as in example 23-2, except that the catalysts used were mixtures of
the aids DZJ1 and DZJ2, respectively, which had been subjected to the same aging
process as in example 23-2, with commercial FCC equilibrium catalysts. The weight

composition of each catalyst mixture and the reaction results were given in Table 5-
2.

TABLE 5-2
Blank C.Ex. 5-
Item Ex. 23-2 C.Ex. 6 - |[Ex. 24-2 |[Ex. 25-2 |[Ex. 26-2 |[Ex. 27-2 [Ex. 28-2
test Ex. 2
/ 10%Z) (10% 10% 10%ZJ |10%ZJ |10%ZJ {10%ZJ |10%ZJ

Catalyst 1 DZJ1 |DZJ2 |2 3 4 3 6

mixture 100% of | 90% of | 90% of | 90% of | 90% of | 90% of | 90% of | 90% of | 90% of
lequilibriumgequilibriumlequilibriumgequilibriumequilibriumequilibriumiequilibriumiequilibriumiequilibrium

agent agent agent agent agent agent agent agent agent

Balance of
materials/
%, Wt%

Dry gas  (8.07 15.24 19.28 943 1298 |13.12 {1098 [10.15 |15.95

Llauefied 11654 12507 (1961 [21.11 [22.06 [23.10 [22.05 [2098 [24.48

gas

Gasoline (38.28 |30.05 |37.64 [36.58 |34.04 |34.38 |(35.08 |30.07 |30.18

Diesel oil [14.93 [9.52 1336 (11.31 (1042 [9.25 11.04 |8.91 9.13

Heavy oil [11.42 |3.84 10.01 16.79 5.57 4.07 6.43 3.44 532

Coke 8.76 16.28 |10.10 |14.78 (1493 |16.08 |14.42 [17.45 |14.94

fit;?ene 139 1489 (179 [2.04 [3.07 409 (357 75 [525
yPir;‘C’lyle“e 805 1444 (1075 [12.07 |12.53 [13.58 [13.09 |15.11 [12.99

The aids ZJ1-ZJ6 were respectively subjected to aging treatment at 800 °C
under 100% steam atmosphere for 17 hours in the blank test example, and examples
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29-2 to 34-2 . The aged ZJ1-ZJ6 were respectively mixed with an industrial FCC
equilibrium catalyst (a FCC equilibrium catalyst under an industrial brand DVR-3,
having a Micro-activity of 63). The mixture of equilibrium agent and catalyst was
loaded into a fixed bed microreactor and naphtha as shown in Table 6 above was
catalytically cracked under the evaluation conditions of a reaction temperature of
620 °C, a regeneration temperature of 620 °C and a catalyst-to-oil ratio of 3.2. The
weight composition of each catalyst mixture and the reaction results were given in
Table 7-2.

Comparative examples 7-2 and 8-2 were provided to evaluate the performance
of the aids DZJ1 and DZJ?2 incorporated with the equilibrium agent prepared in the
comparative examples of the present invention in a fixed bed micro-reaction

evaluation device to illustrate the use of the comparative aids.

Comparative examples 7-2 and 8-2 catalytically cracked the same feed oil by
the same method as in example 29-2, except that the catalysts used were mixtures of
the aids DZJ1 and DZJ2, respectively, which had been subjected to the same aging
process as in example 29-2, with commercial FCC equilibrium catalysts. The weight
composition of each catalyst mixture and the reaction results were given in Table 7-
2.

TABLE 7-2
Blank test|
Ex. 29-2 |C.Ex. 7-2 |C.Ex. 8-2 [Ex. 30-2 |Ex. 31-2 [Ex.32-2 |Ex.33-2 |Ex.34-2
Example
10% 10%
/ 10%ZJ1 10%Z1J2 (10%ZJ3 [10%ZJ4 {10%ZJ5 |10%ZJ6
Catalyst DZJ1 DZJ2
mixture 100% of | 90% of | 90%of | 90%of | 90%of | 90%of | 90%of | 90%of | 90% of
equilibrium |equilibrium equilibrium equilibrium lequilibrium |equilibrium equilibrium fequilibrium [equilibrium
agent agent agent agent agent agent agent agent agent
Cracking gas
product
yield/wt%
fit;f;e“e 201 631 [2.83 333 421  [555 481 406  [7.08
ypfgzyle“e 842 1299 RB79 934  |1051 |11.61 |10.81 [13.17 |10.25

As seen from the data in Tables 5-2 and 7-2 when different raw oils were
catalytically cracked, the catalysts containing the ZSM-5 molecular sieve rich in
mesopores and modified with rare earth and phosphorus according to the present

invention showed excellent performance of producing ethylene and propylene in
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high yield, wherein the yields of ethylene and propylene were the highest when a
catalytic cracking catalyst containing a proper amount of aluminophosphate and an
additional inorganic binder was used, while the yield of ethylene was significantly
lower when a catalyst containing the molecular sieve without rare earth or
phosphorus modification, or a catalyst containing the ZSM-5 molecular sieve
modified with rare earth and phosphorus without a pore expansion treatment.

The preferred embodiments of the present invention have been described in
detail above, however, the present invention is not limited to the specific details of
the above embodiments, and various simple modifications may be formulated to the
technical solution of the present invention within the technical idea of the present
invention, and these simple modifications are all within the protection scope of the
present invention.

It should be noted that, in the above embodiments, the various features
described in the above embodiments may be combined in any suitable manner, and
in order to avoid unnecessary repetition, the present invention does not separately

describe various possible combinations.
In addition, any combination of the various embodiments of the present

invention can be made, and the same should be considered as the content of the
present invention as long as the idea of the present invention is not violated.
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Claims

1. A molecular sieve of MFI structure rich in mesopores, comprising a silicon
component, an aluminum component, a phosphorus component and a supported
metal component, wherein the molecular sieve has a ratio of n(SiO2)/n(Al,03) of
more than 15 and less than 70; the molecular sieve has a content of phosphorus,
calculated as P20Os, of 1-15 wt% based on the dry weight of the molecular sieve; the
molecular sieve has a supported metal content, calculated as the oxide of the
supported metal, of 1-10 wt% based on the dry weight of the molecular sieve,
wherein the supported metal is one or more selected from rare earth elements,
preferably one or two selected from lanthanum and cerium; the volume of
mesopores in the molecular sieve represents 40-70% by volume of the total pore
volume of the molecular sieve, the volume of mesopores and the total pore volume
of the molecular sieve are measured by a nitrogen adsorption BET specific surface
area method, and the volume of mesopores means the pore volume of the pores

having a diameter of more than 2 nm and less than 100 nm.

2. The molecular sieve of MFI structure rich in mesopores according to claim
1, wherein the molecular sieve has a RE distribution parameter, D, satisfying: 0.9<
D <1.3, preferably 0.9< D <1.1, wherein D = RE (S)/RE (C), RE (S) represents the
content of rare earth in any region of more than 100 nm? in a distance H inward
from the edge of a crystal face of the molecular sieve crystal grain measured by a
TEM-EDS method, and RE (C) represents the content of rare earth in any region of
more than 100 nm? in a distance H outward from the geometric center of the crystal
face of the molecular sieve crystal grain measured by a TEM-EDS method, wherein
H is 10% of the distance from a certain point on the edge of the crystal face to the
geometric center of the crystal face.

3. The molecular sieve of MFI structure rich in mesopores according to claim
1 or 2, wherein the molecular sieve of MFI structure has a ratio of n(SiO2)/n(Al.O3)
of greater than 18 and less than 60; the molecular sieve has a content of phosphorus,
calculated as P2Os, of 3-12 wt% based on the dry weight of the molecular sieve; the
molecular sieve has a supported metal content, calculated as the oxide of the
supported metal, of 3-8 wt% based on the dry weight of the molecular sieve; and the
volume of mesopores in the molecular sieve represents 45-65% by volume of the

total pore volume of the molecular sieve.
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4. A process of producing the molecular sieve of MFI structure rich in
mesopores of according to any one of claims 1-3, comprising:

a. filtering and washing a slurry of a molecular sieve of MFI structure
obtained by crystallization to provide a water-washed molecular sieve; wherein, the
water-washed molecular sieve has a sodium content, calculated as sodium oxide, of
less than 5 wt% based on the total dry weight of the water-washed molecular sieve
calculated as sodium oxide;

b. desiliconizing the water-washed molecular sieve obtained in step a in an
alkaline solution, and then filtering and washing to provide a base washed molecular
sieve;

c. carrying out an ammonium exchange treatment on the base washed
molecular sieve obtained in step b to provide an ammonium exchanged molecular
sieve; wherein the ammonium exchanged molecular sieve has a sodium content,
calculated as sodium oxide, of less than 0.2 wt%, based on the total dry weight of
the ammonium exchanged molecular sieve; and

d. carrying out a phosphorus modification treatment, a supporting treatment
with the supported metal and a baking treatment on the ammonium exchanged
molecular sieve obtained in step ¢ to provide the molecular sieve of MFI structure

rich in mesopores.

5. The process according to claim 4, wherein step d is carried out by one or
more modes selected from the group consisting of:

mode (1): simultaneously carrying out a phosphorus modification treatment
and a supporting treatment with the supported metal on the ammonium exchanged
molecular sieve obtained in step c, and then carrying out a baking treatment;

mode (2): the baking treatment comprising a baking treatment in a steam
atmosphere and a baking treatment in an air atmosphere, wherein the ammonium
exchanged molecular sieve obtained in step c is sequentially subjected to the
supporting treatment with the supported metal, a baking treatment in a steam
atmosphere, the phosphorus modification treatment and a baking treatment in the air
atmosphere;

mode (3): sequentially carrying out a supporting treatment with the supported
metal, a phosphorus modification treatment and a baking treatment on the
ammonium exchanged molecular sieve obtained in step c; and

mode (4): the baking treatment comprising a baking in a steam atmosphere
and a baking in an air atmosphere, wherein the ammonium exchanged molecular

sieve obtained in step c is sequentially subjected to a phosphorus modification
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treatment, a baking in the air atmosphere, a supporting treatment with the supported
metal and a baking in the steam atmosphere in sequence.

6. The process according to claim 4 or 5, wherein the molecular sieve of MFI
structure in the slurry of the molecular sieve of MFI structure obtained by
crystallization is a ZSM-5 molecular sieve having a silica-to-alumina ratio of less
than 80.

7. The process according to claim 4 or 5, wherein the slurry of the molecular
sieve of MFI structure obtained by crystallization is prepared by a template method,
and step b further comprises: drying and carrying out a second baking on the water-
washed molecular sieve to remove the template agent, and then carrying out the
desiliconization treatment.

8. The process according to claim 4 or 5, wherein in step b, the alkaline
solution is an aqueous solution of sodium hydroxide and/or potassium hydroxide;
and/or

the conditions for the desiliconization treatment comprise: a weight ratio of
the molecular sieve calculated on a dry basis to the base and water in the alkaline
solution of 1: (0.1-2): (5-15), a temperature of 10-100 °C, preferably from room
temperature to 100 °C, and/or a treatment duration of 0.2-4 hours.

9. The process according to claim 4 or 5, wherein in step ¢, the ammonium
exchange treatment comprises treating the base washed molecular sieve with an
aqueous solution of an ammonium salt, and the conditions for the ammonium
exchange treatment comprise: a weight ratio of the molecular sieve on a dry basis to
the ammonium salt and water of 1: (0.1-1): (5-10), a temperature of 10-100 °C,
preferably from room temperature to 100 °C, and/or a treatment duration of 0.2-4
hours; and

the ammonium salt is one or more selected from ammonium chloride,

ammonium sulfate and ammonium nitrate.

10. The process according to claim 4 or 5, wherein in step d, the phosphorus
modification treatment comprises: carrying out impregnation and/or ion exchange
with at least one phosphorus-containing compound selected from phosphoric acid,
diammonium hydrogen phosphate, ammonium dihydrogen phosphate, and
ammonium phosphate;
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the supporting treatment with the supported metal comprises: supporting the
supported metal with a compound containing the supported metal by impregnation
and/or ion exchange in a single time or in batches; and

the conditions for the baking treatment comprise: an atmosphere of air
atmosphere and/or steam atmosphere, a baking temperature of 400-800 °C, and/or a
baking duration of 0.5-8 hours.

11. A catalytic cracking catalyst, characterized in comprising, based on the dry
weight of the catalytic cracking catalyst:

5 to 78 wt% of the molecular sieve of MFI structure rich in mesopores of
according to any one of claims 1 to 3;

1-60 wt% of an inorganic binder comprising a phosphorus-aluminum
inorganic binder and optionally an additional inorganic binder; and optionally

0 to 65 wt% of a second clay.

12. The catalytic cracking catalyst according to claim 11, wherein the catalytic
cracking catalyst comprises 3 to 40 wt%, preferably 3 to 39 wt%, on a dry basis of
the phosphorus-aluminum inorganic binder and 1 to 30 wt% on a dry basis of the
additional inorganic binder, based on the dry weight of the catalytic cracking
catalyst.

13. The catalytic cracking catalyst according to claim 11, wherein the
phosphorus-aluminum inorganic binder is an aluminophosphate gel and/or a first
clay-containing phosphorus-aluminum inorganic binder;

the first clay-containing phosphorus-aluminum inorganic binder comprises,
based on the dry weight of the first clay-containing phosphorus-aluminum inorganic
binder: 10-40 wt%, preferably 15-40 wt%, of an aluminum component calculated as
Al2O3, 40-80 wt%, preferably 45-80 wt%, of phosphorus component calculated as
P>0Os, and more than 0 and not more than 42 wt%, preferably not more than 40 wt%,
of the first clay on a dry basis, wherein the first clay-containing phosphorus-
aluminum inorganic binder has a weight ratio of P/Al of 1.0-6.0, a pH value of 1-
3.5, and a solid content of 15-60 wt%; and the first clay comprises at least one of
kaolin, sepiolite, attapulgite, rectorite, montmorillonite and diatomite; and

the additional inorganic binder comprises at least one of pseudo-boehmite,

alumina sol, silica-alumina sol and water glass.

14. The catalytic cracking catalyst according to claim 11, comprising the
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second clay, which is at least one selected from the group consisting of kaolin,
sepiolite, attapulgite, rectorite, montmorillonite, halloysite, hydrotalcite, bentonite,
and diatomaceous earth, preferably at least one selected from the group consisting
of kaolin, metakaolin, diatomaceous earth, sepiolite, attapulgite, montmorillonite,
and rectorite.

15. The catalytic cracking catalyst according to claim 11, wherein the catalytic
cracking catalyst is a I-type catalytic cracking catalyst comprising:

8-78 wt% of the molecular sieve of MFI structure rich in mesopores;

1-40 wt% of the binder; and

0 to 65 wt%, preferably 10 to 55 wt%, of a second clay.

16. The catalytic cracking catalyst according to claim 11, wherein the catalytic
cracking catalyst is a II-type catalytic cracking catalyst comprising, based on the dry
weight of the catalytic cracking catalyst:

5-50 wt% of the molecular sieve of MFI structure rich in mesopores;

1 to 60 wt% of an inorganic binder;

1-25 wt% of a Y-type molecular sieve; and optionally

0 to 60 wt%, preferably 10 to 50 wt%, of the second clay.

17. The catalytic cracking catalyst according to claim 16, wherein the Y-type
molecular sieve comprises at least one selected from the group consisting of a PSRY
molecular sieve, a PSRY-S molecular sieve, a rare earth-containing PSRY molecular
sieve, a rare earth-containing PSRY-S molecular sieve, a USY molecular sieve, a
rare earth-containing USY molecular sieve, a REY molecular sieve, a REHY
molecular sieve, and an HY molecular sieve.

18. A process of producing the catalytic cracking catalyst according to any one
of claims 11 to 17, comprising:

mixing the molecular sieve of MFI structure rich in mesopores according to
any one of claims 1 to 3 with an inorganic binder and optionally a second clay and
formulating into a slurry;

spray drying the slurry; and optionally

carrying out a third baking treatment;

wherein, relative to 5 to 78 parts by weight of the molecular sieve of MFI
structure rich in mesopores on a dry basis, the amount of the inorganic binder on a

dry basis is 1 to 60 parts by weight, and the amount of the second clay on a dry
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basis is 0 to 65 parts by weight; and
wherein the binder comprises a phosphorus-aluminum inorganic binder and

optionally an additional inorganic binder.

19. The process according to claim 18, wherein the process comprises the
third firing, and further comprises: washing and optionally drying the product
obtained by the third baking;

wherein the third baking is carried out at a baking temperature of 300-650 °C
for 0.5-12 h, preferably 0.5-8 h; and the drying is carried out at a temperature of
100-200 °C for 0.5-24 h.

20. The process according to claim 18, wherein the phosphorus-aluminum
inorganic binder comprises a first clay-containing phosphorus-aluminum inorganic
binder, and the process further comprises: preparing the first clay-containing
phosphorus-aluminum inorganic binder by the steps of:

formulating an alumina source, the first clay and water into a slurry with a
solid content of 5-48 wt%; wherein the alumina source is aluminum hydroxide
and/or alumina capable of being peptized by an acid, and the first clay is used in an
amount of more than 0 part by weight and not more than 42 parts by weight,
preferably not more than 40 parts by weight on a dry basis, relative to 15-40 parts
by weight of the alumina source calculated as Al2O3; and

adding concentrated phosphoric acid into the slurry at a weight ratio of P/Al =
1-6 under stirring, and reacting the mixed slurry at 50-99 °C for 15-90 minutes;
wherein in the P/Al, P represents the weight of phosphorus in the phosphoric acid
calculated as a simple substance, and Al represents the weight of aluminum in the
alumina source calculated as a simple substance.

21. The process according to claim 18, wherein Y-type molecular sieves are
further added and mixed before formulating the slurry.

22. A method for catalytically cracking a hydrocarbon oil using the catalytic
cracking catalyst according to any one of claims 11 to 17, comprising: contacting
and reacting a hydrocarbon oil with the catalytic cracking catalyst, under the
condition of catalytic cracking reaction, wherein the catalytic cracking reaction is

carried out at a temperature of 500-800 °C.

23. The method according to claim 22, wherein the hydrocarbon oil is one or
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more selected from crude oil, naphtha, gasoline, atmospheric residuum, vacuum
residuum, atmospheric wax oil, vacuum wax oil, straight-run wax oil, propane

light/heavy deoiling, coked wax oil, and coal liquefaction product.
24. The method according to claim 22, wherein the hydrocarbon oil is
contacted and reacted with a catalytic mixture containing the catalytic cracking

catalyst and an additional catalytic cracking catalyst.

25. The method according to claim 24, wherein the catalytic cracking catalyst
is present in the catalytic mixture in an amount of 0.1 to 30 wt%.
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