10

15

20

25

30

35

40

A catalytic cracking catalyst and a process for preparing the same

Technical Field

The present invention relates to a catalytic cracking catalyst, and more particularly to a
catalytic cracking catalyst with low coke formation and a process for preparing the same.
Background technology

Fluid catalytic cracking (FCC) is an important secondary processing process of crude oil and
occupies a pivotal position in the oil refining industry. In the catalytic cracking process, heavy
fractions such as vacuum distillate oil or heavier fractions such as residual oil react in the
presence of catalyst and are converted into high additional value products such as liquefied gas,
gasoline, and diesel oil. In this process, it is usually necessary to use catalytic materials with
high cracking activity. Y-type zeolite is widely used in catalytic cracking reactions due to its
excellent shape-selective catalytic performance and high cracking reaction activity. Y-type
zeolite is obtained through two techniques: one technique is to use alkaline silica-alumina gel
synthesis to obtain Y-type zeolite, then mix Y-type zeolite with matrix, and spray-dry to obtain
microsphere catalyst. The Y-type =zeolite synthesized by silica-alumina gel has the
characteristics of high molecular sieve content and high silica-alumina ratio. Different
modification methods can have various reaction characteristics; another technology is in-situ
crystallization technology, in which microspheres are firstly formed, and then crystallized on
the microspheres to form molecular sieves, so that catalyst microspheres containing both the
active component-molecular sieves and non-molecular sieve components are directly obtained.
The catalyst synthesized by in-situ crystallization technology has strong resistance to heavy
metal pollution, high activity index, hydrothermal stability, good structural stability and so on.
However, when the existing Y-type molecular sieve synthesized by in-situ crystallization is
used for heavy oil conversion, the coke yield is relatively high.

Bao Xiaojun (CN103043680A) used natural kaolin minerals and natural diatomite minerals to
provide all the silicon and aluminum sources for molecular sieve synthesis, and used them as
substrate for molecular sieve growth to form crystal products through in-situ crystallization. In
the composite material, the weight percentage content of the NaY molecular sieve is 25%-50%,
and the silica-alumina ratio of the NaY molecular sieve is 3-5.5.

ZHENG Shuqin (Synthesis of hierarchical catalytic materials from Si-Al gel and kaolin by
hydrothermal crystallization, ACTA PETROLEI SINICA (Petroleum Processing Section), V30
(1), 32-37) reported that a Si-Al gel and kaolin were used to hydrothermally synthesize
hierarchical porous catalytic material, and its process was as follows: water glass and sodium
metaaluminate were used as silicon source and aluminum source respectively to prepare the
Si-Al gel, then the Si-Al gel and kaolin were sprayed into shperes, and then the synthesis was
performed.

The above publications do not relate to how to reduce the coke selectivity of the catalyst
containing in-situ crystallized Y-type molecular sieve for heavy oil conversion.

Summary of the Invention

Aiming at the problem of high coke formation of in-situ crystallized Y-type molecular sieve
catalytic cracking catalyst in the prior art, the technical problem to be solved by the invention
is to provide a catalytic cracking catalyst with less coke formation under the condition of
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higher heavy oil conversion rate, which contains as active component a molecular sieve based
on the crystal modification of kaolin.

A catalytic cracking catalyst, comprising 10-70 wt% of a cracking active component, 10-60
wt% of a binder and 10-70 wt% of a clay, wherein the cracking active component comprises
5-100 wt% of a first Y-type molecular sieve and 0-95 wt% of a second molecular sieve;
wherein the first Y-type molecular sieve is a modified molecular sieve based on the crystal
modification of kaolin, the modified molecular sieve based on the crystal modification of
kaolin is obtained from the modification of a molecular sieve based on the crystal modification
of kaolin.

For the molecular sieve based on the crystal modification of kaolin, when measured with an
X-ray diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of
the crystallinity by the peak height method to the crystallinity by the peak area method is K1,
K1=0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is 5.0-5.5, and
the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method is K2, K2=0.87-0.93, the silica-alumina ratios are
both the molar ratio of silica to alumina. The crystallinity by the peak height method is > 80%.
The K1=0.80-0.89 or the K1=0.80-0.85. The K2=0.87-0.92 or the K2=0.88-0.90.

In a preferrable embodiment, for the molecular sieve based on the crystal modification of
kaolin, K1=0.77-0.88, and K2=0.87-0.91.

In an embodiment, the molecular sieve based on the crystal modification of kaolin has a
proportion of macropores and mesopores of 10-20%.

In an embodiment, the molecular sieve based on the crystal modification of kaolin has the
silica-alumina ratio measured with the unit cell constant a0 of 5.2-5.5.

In a preferrable embodiment, the modified molecular sieve based on the crystal modification of
kaolin contains rare earth (the rare earth-containing modified Y-type molecular sieve is also
known as the rare earth-containing molecular sieve based on the crystal modification of kaolin),
and its rare earth content, as RE>QOs3, is preferably 10-20 wt%. If the rare earth content of the
modified molecular sieve based on the crystal modification of kaolin is within the
above-mentioned content range, the catalytic cracking catalyst may have a higher heavy oil
conversion activity.

The present invention provides a process for preparing the catalytic cracking catalyst,
comprising the following steps:

(S1) preparing a modified molecular sieve based on the crystal modification of kaolin;

(S2) making a clay, a cracking active component (comprising a modified molecular sieve based
on the crystal modification of kaolin and an optional second molecular sieve) and a binder
form a slurry;

(S3) spray-drying the slurry obtained in step S2.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the modified molecular sieve based on the crystal modification of kaolin is a
modified molecular sieve based on the crystal modification of kaolin obtained from the
modification treatment of a molecular sieve based on the crystal modification of kaolin (also
known as a molecular sieve synthesized by in-situ crystallization).

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the modified molecular sieve based on the crystal modification of kaolin can be
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obtained by the modification treatment of the molecular sieve based on the crystal modification
of kaolin. The molecular sieve based on the crystal modification of kaolin is a Y-type
molecular sieve composite, when measured with an X-ray diffraction method, for the
molecular sieve based on the crystal modification of kaolin (or known as the Y-type molecular
sieve composite), the crystallinity by the peak height method is > 60%, and the ratio of the
crystallinity by the peak height method to the crystallinity by the peak area method is K1, K1 =
0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is 5.0-5.5, and the
ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method is K2, the K2 = 0.87-0.90, the silica-alumina ratios
are both the molar ratio of silica to alumina. The modified molecular sieve based on the crystal
modification of kaolin is a molecular sieve material obtained from the modification treatment
of the molecular sieve based on the crystal modification of kaolin, and the modification
treatment is to reduce the sodium oxide content in the molecular sieve based on the crystal
modification of kaolin to 2 wt% or less, and the modification treatment is for example the
ion-exchanging.

The molecular sieve based on the crystal modification of kaolin according to the present
invention has a sphere-like shape of 5-20 micrometers, wherein the crystallinity by the peak
height method is > 60%, that is, the weight percentage content of the NaY molecular sieve is at
least 60%. Preferably, the crystallinity by the peak height method is greater than 75%, more
preferably > 80%.

According to the crystal crystallization common knowledge, the difference between the
crystallinity measured by the peak height method and the crystallinity measured by the peak
area method is related to the size of crystal grains. According to the Y-type molecular sieve
composite of the present invention (referred to as the composite), the crystal grain coefficient
K1 is set, K1=Speak height/Speak area, that is, the ratio of the crystallinity by the peak height method
to the crystallinity by the peak area method. The size of the K1 value indicates the size of the
crystal grains, and larger the K1 value is, larger the particle diameter of the crystal grains is.
Preferably, K1 is 0.80-0.89, more preferably 0.80-0.85.

The molar ratio of silica to alumina calculated from the unit cell constant a0 is the framework
silica-alumina ratio of the molecular sieve, and the molar ratio of silica to alumina measured
with the chemical method is the whole silica-alumina ratio of the composite. The molecular
sieve based on the crystal modification of kaolin according to the present invention has a
framework silica-alumina ratio of 5.0-5.5, preferably 5.2-5.5, calculated and determined by the
unit cell constant a0, and the whole silica-alumina ratio determined by the chemical method is
the macroscopic silica-alumina ratio of the whole material. These two values, i.e. the
framework silica-alumina ratio and the whole silica-alumina ratio, are related to the framework
integrality and purity of the molecular sieve in the composite. The molecular sieve based on the
crystal modification of kaolin according to the present invention is obtained from the crystal
modification of metakaolin, in which a part of metakaolin is present in an intermediate that is
in the crystal modification (crystal transformation) into the Y-type molecular sieve. Therefore,
the intermediate coefficient K2 is set, that is, K2= framework silica-alumina ratio/whole
silica-alumina ratio. The size of the K2 value indicates the composite degree of the composite,
the smaller the K2 value is, the more intermediates it contains. Preferably, K2 is 0.87-0.92,
more preferably 0.88-0.90.
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For the molecular sieve based on the crystal modification of kaolin according to the present
invention (also known as the Y-type molecular sieve composite), preferably, the K1 =
0.77-0.88, for example the K1 =0.81-0.88 or the K1 = 0.86-0.88 and the K2 = 0.87-0.91.

In the present invention, pores with the pore diameter larger than 0.8 nm are defined as
mesopores and macropores. The molecular sieve based on the crystal modification of kaolin
according to the present invention has an appropriate proportion of mesopores and macropores,
which can be 10-20%.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the molecular sieve based on the crystal modification of kaolin according to the
present invention is a Y-type molecular sieve composite, which can be prepared by a process,
comprising the following steps: (1) converting kaolin into metakaolin by calcining and
dehydrating at 500-900°C, and pulverizing it into metakaolin powder with a particle size
of less than 10 microns;(2) adding a directing agent, sodium silicate, a sodium hydroxide
solution and water to the metakaolin powder to produce a reaction raw material A having a
molar composition of (1-2.5) Na,O : A2Os : (4-9) SiO; : (40-100) H2O, wherein the mass ratio
of the directing agent to the metakaolin is 0.01-1.0; (3) crystallizing the reaction raw material A
at 88-98°C under stirring for 1-70 hours, then supplementing a second silicon source to obtain
a reaction raw material B, wherein both as silica, the second silicon source comprises 0.1-10
wt% of the total amount of the added silicon; (4) crystallizing the reaction raw material B
under stirring at 88-98°C and recovering the product.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the process for preparing the molecular sieve based on the crystal modification of
kaolin, the directing agent can be synthesized according to the conventional methods, for
example, according to the preparation processes disclosed in USP3574538, USP3639099,
USP3671191, USP4166099 or EUP0435625. The directing agent can have a molar
composition of (10-17) SiO2 : (0.7-1.3) ALOs3 : (11-18) Na;O : (200-350) H2O. During
synthesis, the raw materials are aged at 4-35°C, preferably 4-20°C to obtain the directing agent.
According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the process for preparing the molecular sieve based on the crystal modification of
kaolin, the second silicon source can have a sodium content as NaxO of 0.01-10 wt%,
preferably < 1wt%. Considering the cost control, the preferred second silicon source is a solid
silica gel. The solid silica gel is included in the total synthesis formulation, and the used solid
silica gel may be solid silica gels with different pore sizes. The pore size is used for the
category, and the silica gel comprises microporous silica gel, macroporous silica gel and
mesoporous silica gel between microporous silica gel and macroporous silica gel.
Conventionally, the silica gel having an average pore size of below 1.5-2.0 nm is referred to as
the microporous silica gel (for example Type A solid silica gel from Qingdao Ocean Chemical
Engineering Group Special Silica Gel Factory), the silica gel having an average pore size of
above 4.0-5.0 nm is referred to as the macroporous silica gel (for example Type C solid silica
gel from Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory); moreover,
the silica gel having an average pore size of above 10.0 nm is referred to as the
ultra-macroporous silica gel, the silica gel having an average pore size of 0.8 nm or less is
referred to as the ultra-microporous silica gel (for example Type B solid silica gel from
Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory). The second silicon
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source can also be a liquid silica gel. When the liquid silica gel is used as the second silicon
source, preferably, the SiO> content thereof is at least 30 wt%.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the process for preparing the molecular sieve based on the crystal modification of
kaolin, a hierarchical Y-type molecular sieve composite product containing mesopores and
macropores is obtained by crystallization under stirring. The stirring rate for crystallization can
be, but is not limited to 50-1000 rpm, preferably 300-500 rpm, and the time for crystallization
can be, but is not limited to 16-48 hours, preferably 24-32 hour. The drying temperature of the
zeolite after crystallization is 100-120°C.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the process for preparing the molecular sieve based on the crystal modification of
kaolin, both as silica, the second silicon source comprises 0.1-10 wt%, preferably 4-10 wt% of
the total amount of the added silicon.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the process for preparing the molecular sieve based on the crystal modification of
kaolin, sodium silicate and the second silicon source are supplemented into the synthesis
preparation system in different processes, especially the period when the second silicon source
is added is during the crystal growth period. The present invention combines a technology of
controlling a synthesis ratio by means of adding different silicon sources in different stages of
the crystallization process and a technology of the kaolin in-situ crystallization synthesis (using
natural minerals as main aluminum sources and silicon sources), changes a crystal growth
environment through the silicon sources, and adopts two completely different material
proportions in two stages of a crystal nucleation period and a crystal growth period. In the
crystal nucleation period, the present invention uses a higher sodium-silicon ratio (Na;O/SiO 2)
in the material, which is beneficial to the rapid nucleation of the Y-type molecular sieve, and in
the crystal growth period, a low-sodium or sodium-free silicon source is added, so that the
sodium-silicon ratio (Na;O/SiO2) in the material is reduced while the silica-alumina ratio
(Si02/A1203) in the synthetic material is increased, which is beneficial to increasing the
silica-alumina ratio of the product, and raising the framework silica-alumina ratio to 5.0-5.5, on
the premise of shortening the crystallization time.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in the preparation step (4) of the molecular sieve based on the crystal modification
of kaolin, the product is recovered after the completion of crystallization to produce the
molecular sieve based on the crystal modification of kaolin. Said recovering generally includes
a step of filtering, and optionally, may also include one or more operations of washing, drying,
and calcining.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the process for preparing the modified molecular sieve based on the crystal
modification of kaolin includes: subjecting the recovered product to a modification treatment
such as ion-exchanging to produce a modified molecular sieve based on the crystal
modification of kaolin.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the obtained molecular sieve based on the crystal modification of kaolin can be
processed by any method capable of reducing the sodium content therein so that the sodium
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oxide content therein does not exceed 2wt%, for example, by the ion-exchanging to produce
the modified molecular sieve based on the crystal modification of kaolin. The ion-exchanging
can be carried out with ammonium salt and/or rare earth salt solution, which is not particularly
required in the present invention. Preferably, the ion-exchanging is carried out so that the
modified molecular sieve based on the crystal modification of kaolin has the rare earth content
as RE203 of 10-20 wt%, and the sodium oxide content of less than 2 wt%. In one embodiment,
the molecular sieve based on the crystal modification of kaolin is mixed with the exchange
solution, and the mixture is stirred at 20-90°C for 10-120 minutes. The above process can be
carried out one or more times, and the exchange solution for each exchange can contain
ammonium ions, rare earth ions or both ammonium ions and rare earth ions. Preferably, the
ammonium salt concentration in the exchange solution is 5-700 g/L, such as 5-100 g/L and/or
the rare earth salt concentration is 5-400 g/L, such as 5-200g/L as RE203. The ammonium salt
is, for example, one or more of ammonium chloride, ammonium nitrate, and ammonium sulfate.
The rare earth salt is, for example, one or more of rare earth chlorides and rare earth nitrates.
The rare earth may include one or more of lanthanide series rare earths and actinide series rare
earths, for example one or more of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb,
and Lu.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the molecular sieve based on the crystal modification of kaolin, can be subjected to
one or more steps of filtering, washing, drying and calcining after being subjected to ion
exchange. These steps can refer to the filtering, washing, drying and calcining methods well
known to those skilled in the art.

According to the process for preparing the catalytic cracking catalyst provided by the present
invention, the step S2 of making a clay, a modified molecular sieve based on the crystal
modification of kaolin, an optional second molecular sieve and a binder form a slurry can be
performed by mixing the clay, the modified molecular sieve based on the crystal modification
of kaolin, the optional second molecular sieve, the binder and water and stirring evenly.
According to the process for preparing the catalytic cracking catalyst provided by the present
invention, in step S3, the slurry obtained in step S2 is spray-dried to obtain catalyst
microsphere particles, and the catalyst microsphere particles can be further calcined and/or
washed, and the washing can be carried out before and/or after the calcining. The spray-drying,
washing and calcining can be carried out according to the existing methods of spray-drying and
calcining in the production of the catalytic cracking catalyst. For example, the washing is
performed with an ammonium salt solution, and the calcing can be performed at 350-650°C,
and the calcining time can be 1-4 hours.

The catalytic cracking catalyst provided by the present invention has good coke formation
selectivity, and can reduce coke selectivity on the basis of higher hydrocarbon oil conversion
catalytic activity. Preferably, the catalytic cracking catalyst provided by the present invention
can also have higher hydrocarbon oil conversion activity and/or liquid product yield.

Detailed description

The following specific embodiments and examples are used to further illustrate the present
invention. It should be understood that the specific embodiments described herein are only
used to illustrate and explain the present invention and are not intended to limit the present
invention.
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The catalytic cracking catalyst provided by the present invention comprises 10-70 wt%, for
example 20-60 wt%, or 25-65 wt% of a cracking active component, 10-60 wt%, for example
20-45 wt% of a binder and 10-70 wt%, for example 20-60 wt%, or 25-55 wt% of a clay,
wherein the cracking active component comprises 5-100 wt%, for example 40-100 wt% of a
first Y-type molecular sieve and 0-95 wt%, for example 0-60 wt% of a second molecular sieve.

The catalytic cracking catalyst provided by the present invention can also contain a second
molecular sieve, the second molecular sieve is preferably faujasite and/or pentasil molecular
sieve, the faujasite is for example one or more of HY, REY, REHY, USY, REUSY, DASY and
REDASY. The pentasil molecular sieve is for example BEA structure molecular sieve, MFI
structure molecular sieve, or mordenite, preferably one or more of BEA structure molecular
sieve, and MFI structure molecular sieve. The BEA structure molecular sieve can be obtained
by crystallization without amine, or can be obtained by calcining a molecular sieve prepared
from the template agent method, for example, the BEA structure molecular sieve is for example
beta molecular sieve; the MFI structure molecular sieve is for example at least one of rare
earth-containing MFI structure molecular sieve, phosphorus-containing MFI structure
molecular sieve, Fe-containing MFI structure molecular sieve, and phosphorus-and transition
metal-containing MFI structure molecular sieve; the mordenite is for example at least one of
high silica mordenite and low silica mordenite.

The catalytic cracking catalyst provided by the present invention may contain a clay, the clay
can be one or more of kaolin, giagerite, montmorillonite, diatomite, halloysite, metahalloysite,
saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite.

The catalytic cracking catalyst provided by the present invention may contain a binder, and the
binder can be one or more of silica sol, alumina sol, acidified pseudo-boehmite, and
metal-modified pseudo-boehmite.

In the catalytic cracking catalyst provided by the present invention, the first Y-type molecular
sieve is a modified molecular sieve based on the crystal modification of kaolin, preferably a
rare earth-containing molecular sieve based on the crystal modification of kaolin, having the
rare earth content as RE;O3 of 10-20 wt%, and the sodium oxide content of not more than 2
wt%, preferably not more than 1.5 wt%.

In an embodiment, the modified molecular sieve based on the crystal modification of kaolin is
prepared according to the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction slurry, wherein the mass ratio of the directing agent to
the metakaolin is 0.01-1.0;

(3) crystallizing the reaction slurry obtained in step (2) at 88-98°C under stirring for 1-70 hours,
for example, 5-40 hours or 6-30 hours or 8-16 hours, then supplementing a solid silica gel,
wherein the mass ratio of the solid silica gel to the metakaolin is 0.01-1.0;

(4) crystallizing the reaction raw material obtained in step (3) under stirring at 88-98°C for
1-20 hours, for example, 8-20 hours or 12-16 hours, then filtering and drying to produce a
molecular sieve based on the crystal modification of kaolin and synthesized by in-situ
crystallization; and

(5) contacting the resulting molecular sieve based on the crystal modification of kaolin and
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synthesized by in-situ crystallization with ammonium salt and/or rare-earth salt solution for the
ion-exchanging, then filtering, washing, drying, and calcining to produce a modified molecular
sieve based on the crystal modification of kaolin, wherein the modified molecular sieve based
on the crystal modification of kaolin has the rare earth content as RE>O3 of preferably 10-20
wt%, and the sodium oxide content of less than 2 wt%. The contacting can be carried out one
or more times, and each contacting exchange can be carried out with a solution containing rare
earth ions and ammonium ions simultaneously for ion-exchanging, and can also be carried out
with a solution containing one of two ions for either ammonium ion exchanging or rare earth
ion exchanging.

In an embodiment, in the molecular sieve based on the crystal modification of kaolin and
synthesized by in-situ crystallization, there are 20%-30% by weight of metakaolin, which is
present as an intermediate that is in the crystal modification (crystal transformation) into the
Y-type molecular sieve. Due to the presence of the intermediate, K2 is in the range of
0.87-0.93.

The present invention aims to provide a catalyst with good catalytic activity. When the catalyst
is used in catalytic cracking reaction, the catalyst can achieve at least one, two, three or all of
the following properties: (1) good wear resistance, (2) low coke selectivity, (3) high heavy oil
conversion rate and high total liquid yield, (4) strong metal pollution resistance; and the
catalyst can be used for catalytic cracking of hydrocarbon oil (such as heavy oil), for example,
for production of lower carbon olefins.

To achieve the above objects, the present invention provides the following six groups of
technical solutions:

[Group A]

1. A catalytic cracking catalyst, comprising 10-70 wt% of a cracking active component, 10-60
wt% of a binder and 10-70 wt% of a clay, wherein the cracking active component comprises
5-100 wt% of a first Y-type molecular sieve and 0-95 wt% of a second molecular sieve;
wherein the first Y-type molecular sieve is a modified molecular sieve based on the crystal
modification of kaolin obtained from the modification treatment of a molecular sieve based on
the crystal modification of kaolin, and has a sodium oxide content of less than 2 wt%.

2. The catalytic cracking catalyst according to technical solution 1 of Group A, wherein for the
molecular sieve based on the crystal modification of kaolin, when measured with an X-ray
diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of the
crystallinity by the peak height method to the crystallinity by the peak area method is KI,
K1=0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 1s 5.0-5.5, and
the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method is K2, K2=0.87-0.93, the silica-alumina ratios are
both the molar ratio of silica to alumina.

3. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
crystallinity by the peak height method is > 80%.

4. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
K1=0.80-0.89.

5. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
K1=0.80-0.85.

6. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
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K2=0.87-0.92.

7. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
K2=0.88-0.90.

8. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
K1=0.77-0.88 and the K2=0.87-0.91.

9. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
molecular sieve based on the crystal modification of kaolin have a proportion of macropores
and mesopores of 10-20%.

10. The catalytic cracking catalyst according to technical solution 2 of Group A, wherein the
silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

11. The catalytic cracking catalyst according to technical solution 1 or 2 of Group A, wherein
the molecular sieve based on the crystal modification of kaolin is prepared with a process
comprising the steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) NaxO : Al,O3 : (4-9) SiO2 : (40-100) H2O;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

12. The catalytic cracking catalyst according to any of technical solutions 1-11 of Group A,
wherein the modified molecular sieve based on the crystal modification of kaolin contains rare
earth, the modified molecular sieve based on the crystal modification of kaolin has the content
of rare earth as RE2O3 of 10-20 wt%.

13. The catalytic cracking catalyst according to technical solution 1 of Group A, wherein the
second molecular sieve is selected from faujasite and/or pentasil molecular sieve; for example,
the faujasite is one or more of HY, REY, REHY, USY, REUSY, DASY and REDASY; the
pentasil molecular sieve comprises one or more of BEA structure molecular sieve, MFI
structure molecular sieve, and mordenite; the binder is one or more of silica sol, alumina sol,
acidified pseudo-boehmite, and metal-modified pseudo-boehmite; the clay is one or more of
kaolin, montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite, sepiolite,
attapulgite, hydrotalcite and bentonite.

14. A process for preparing the catalytic cracking catalyst according to any of technical
solutions 1-13 of Group A, comprising the following steps:

(1) preparing a modified molecular sieve based on the crystal modification of kaolin;

(2) making a clay, a cracking active component and a binder form a slurry; the cracking active
component comprises the modified molecular sieve based on the crystal modification of kaolin
and an optional second molecular sieve;

(3) spray-drying the slurry obtained in step (2).

15. The process for preparing the catalytic cracking catalyst according to technical solution 14
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of Group A, wherein the process for preparing the modified molecular sieve based on the
crystal modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) NaxO :
ALOs : (4-9) SiOz : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;

(5) ion-exchanging the recovered product.

16. The process for preparing the catalytic cracking catalyst according to technical solution 15
of Group A, wherein the directing agent has a composition of (10-17) SiO; : (0.7-1.3) ALOs :
(11-18) NaxO : (200-350) H»O.

17. The preparation process according to technical solution 15 of Group A, wherein the second
silicon source has the sodium content as Na;O of< 1 wt%.

18. The process for preparing the catalytic cracking catalyst according to technical solution 15
or 17 of Group A, wherein the second silicon source is a solid silica gel.

19. The process for preparing the catalytic cracking catalyst according to technical solution 18
of Group A, wherein the solid silica gel has an average pore size of 1.5-2.0 nm, or the solid
silica gel has an average pore size of 4.0-5.0 nm, or the solid silica gel has an average pore size
of 10.0 nm or more, or the solid silica gel has an average pore size of 0.8 nm or less.

20. The process for preparing the catalytic cracking catalyst according to technical solution 15
or 17 of Group A, wherein the second silicon source is a liquid silica gel.

21. The process for preparing the catalytic cracking catalyst according to technical solution 20
of Group A, wherein the liquid silica gel has the SiO> content by weight of 1-30%.

22. The process for preparing the catalytic cracking catalyst according to technical solution 15
of Group A, wherein both as silica, the second silicon source comprises 4-10 wt% of the total
amount of the added silicon.

23. The process for preparing the catalytic cracking catalyst according to technical solution 15
of Group A, wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or
the rare earth ion exchanging.

24. The process for preparing the catalytic cracking catalyst according to technical solution 15
or 23 of Group A, wherein the ion-exchanged product obtained from step (5) is further
calcined.

25. The process for preparing the catalytic cracking catalyst according to technical solution 15
or 24 of Group A, wherein the ion-exchanging comprises the rare earth ion exchanging, and the
modified molecular sieve based on the crystal modification of kaolin obtained from step (5) has
the rare earth content as RE,O3; of 10-20 wt%, and the sodium oxide content of less than 2
wt%.

26. A catalytic cracking process, which comprises a step of contacting a hydrocarbon oil with
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the catalytic cracking catalyst according to any of technical solutions 1-13 of Group A to react.
[Group B]

1. A silica-alumina material, which has an anhydrous chemical formula by weight of (0-1)
Naz0 ¢ (15-50) ALO3  (85-50) SiO2, a most probable pore size of 10-100nm, a specific surface
area of 150-600 m2/g, a pore volume of 0.5-1.5 mL/g, and a proportion of the pore volume of
the pores having a pore diameter of greater than 10 nm to the total pore volume of 70%-98%.

2. The silica-alumina material according to technical solution 1 of Group B, wherein the
silica-alumina material contains pseudo-boehmite crystal grains, and the average size of
pseudo-boehmite crystal grains is 1.5 nm-3.5 nm.

3. The silica-alumina material according to technical solution 1 of Group B, wherein the
silica-alumina material has a pore volume of 0.8-1.5 mL/g.

4. The silica-alumina material according to technical solution 1 of Group B, wherein the
silica-alumina material has a specific surface area of 280-450 m2/g.

5. The silica-alumina material according to technical solution 1 of Group B, wherein the
silica-alumina material has a Si02:A1>O3 weight ratio of 2-4:1.

6. The process for preparing the silica-alumina material according to any of technical solutions
1-5 of Group B, comprising the following steps:

(1) an alkaline silicon source is gradually added to an acidic aluminum source according to the
weight ratio of SiO2:Al,03=(50-85):(50-15) at a temperature between room temperature and
95°C;

(2) After all the alkaline silicon source is added to the acidic aluminum source, then an alkaline
solution is added until the pH value of the slurry is 8-10.5, and then the slurry is aged at
50-95°C for 1-10 hours to obtain a solid precipitate;

(3) contacting the solid precipitate with a solution containing an ammonium salt and/or an acid,
and filtering to produce a silica-alumina material having the sodium content as Na,O of below
1 wt%, wherein the solid precipitate is optionally dried before contacting with the solution
containing an ammonium salt and/or an acid.

7. The process for preparing the silica-alumina material according to technical solution 6 of
Group B, wherein the acidic aluminum source is selected from aluminum sulfate, aluminum
chloride, alumina sol, and an acidic hydrolysis product of aluminum alkoxide, the aluminum
alkoxide is for example one or more of aluminium isopropoxide, aluminium sec-butoxide,
aluminium triethoxide, and the like.

8. The process for preparing the silica-alumina material according to technical solution 6 of
Group B, wherein the alkaline silicon source is selected from an alkaline silica sol, water glass,
sodium silicate, and an alkaline hydrolysis product of silicate ester, the silicate ester is for
example one or more of tetramethyl orthosilicate, tetraethyl silicate, tetraisopropyl orthosilicate,
tetrabutyl orthosilicate, and the like.

9. The process for preparing the silica-alumina material according to technical solution 6 of
Group B, wherein the alkaline solution is one or more of ammonia water, sodium hydroxide
solution, potassium hydroxide solution, sodium metalluminate solution, further preferably
sodium metalluminate solution.

10. The process for preparing the silica-alumina material according to technical solution 6 of
Group B, wherein the treatment by contacting the solid precipitate with a solution containing
an ammonium salt and/or an acid comprises: contacting the resulting solid precipitate with the
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solution containing an ammonium salt at a temperature between room temperature and 100°C
according to the weight ratio of the solid precipitate (dry basis):ammonium
salt:H>0=1:(0.05-0.1):(5-30).

11. The process for preparing the silica-alumina material according to technical solution 6 or
10 of Group B, wherein the ammonium salt is one or more of ammonium chloride, ammonium
sulfate, ammonium nitrate, ammonium carbonate and ammonium bicarbonate.

12. The process for preparing the silica-alumina material according to technical solution 6 of
Group B, wherein the solution containing an ammonium salt and/or an acid is an acid solution,
the treatment by contacting the solid precipitate with the solution containing an ammonium salt
and/or an acid is to contact the solid precipitate with the acid solution at a temperature between
room temperature and 100°C for at least 0.5 hour, for example 0.5-2 hours according to the
weight ratio of the solid precipitate (dry basis):acid:H2O=1:(0.03-0.3):(5-30), the contacting
(exchanging) can be performed one or more times.

13. The process for preparing the silica-alumina material according to technical solution 6 or
12 of Group B, wherein the acid is one or more of sulfuric acid, hydrochloric acid and nitric
acid.

14. The process for preparing the silica-alumina material according to any of technical
solutions 6-13 of Group B, wherein the treatment by contacting with the solution containing an
ammonium salt and/or an acid is performed one or more times, each contacting for 0.5-1 hours,
until the sodium oxide content in the solid precipitate is below 1 wt%.

15. The silica-alumina material obtained from the process for preparing the silica-alumina
material according to any of technical solutions 6-14 of Group B.

16. A catalytic cracking catalyst, comprising 10-70 wt% of a cracking active component, 1-20
wt% of a silica-alumina material, 10-60 wt% of a binder and 10-70 wt% of a clay; wherein, the
cracking active component comprises 25-100 wt% of a first Y-type molecular sieve and 0-75
wt% of a second molecular sieve; the first Y-type molecular sieve is a Y-type molecular sieve
synthesized by in-situ crystallization having a sodium oxide content of less than 2 wt%, the
silica-alumina material is the silica-alumina material according to any of technical solutions
1-5 of Group B or technical solution 15 of Group B.

17. The catalytic cracking catalyst according to technical solution 16 of Group B, wherein the
Y-type molecular sieve synthesized from kaolin by in-situ crystallization having the sodium
oxide content of less than 2 wt% contains rare earth, wherein the rare earth content as RE2O3 is
10-20 wt%.

18. The catalytic cracking catalyst according to technical solution 16 or 17 of Group B,
wherein the Y-type molecular sieve synthesized from kaolin by in-situ crystallization having
the sodium oxide content of less than 2 wt% is a modified molecular sieve based on the crystal
modification of kaolin, the modified molecular sieve based on the crystal modification of
kaolin is obtained by the treatment of reducing the sodium content and/or the treatment of
introducing the rare earth from a molecular sieve based on the crystal modification of kaolin,
the modified molecular sieve based on the crystal modification of kaolin has the sodium oxide
content of less than 2 wt%.

19. The catalytic cracking catalyst according to technical solution 18 of Group B, wherein for
the molecular sieve based on the crystal modification of kaolin, when measured with an X-ray
diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of the
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crystallinity by the peak height method to the crystallinity by the peak area method is K1, K1 =
0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is 5.0-5.5, and the
ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method 1s K2, K2 = 0.87-0.93, the silica-alumina ratios are
both the molar ratio of silica to alumina.

20. The catalytic cracking catalyst according to technical solution 19 of Group B, wherein the
crystallinity by the peak height method is > 80%.

21. The catalytic cracking catalyst according to technical solution 19 of Group B, wherein the
K1=0.77-0.88, and the K2 = 0.87-0.91.

22. The catalytic cracking catalyst according to technical solution 19 or 21 of Group B,
wherein the K1 = 0.80-0.89 or the K1 = 0.80-0.85.

23. The catalytic cracking catalyst according to technical solution 19, 21 or 22 of Group B,
wherein the K2 = 0.87-0.92 or the K2 = 0.88-0.90.

24. The catalytic cracking catalyst according to technical solution 19 of Group B, wherein the
molecular sieve based on the crystal modification of kaolin has a proportion of macropores and
mesopores of 10-20%.

25. The catalytic cracking catalyst according to technical solution 19 of Group B, wherein the
silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

26. The catalytic cracking catalyst according to technical solution 18 of Group B, wherein the
molecular sieve based on the crystal modification of kaolin is prepared with a process
comprising the steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) Na2O : AlxOs3 : (4-9) SiO; : (40-100) H20;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

27. The catalytic cracking catalyst according to technical solution 16 of Group B, wherein the
second molecular sieve is selected from faujasite and/or pentasil molecular sieve, for example,
the faujasite is one or more of HY, REY, REHY, USY, REUSY, DASY and REDASY, the
pentasil molecular sieve comprises one or more of BEA structure molecular sieve, MFI
structure molecular sieve, and mordenite; the binder is one or more of silica sol, alumina sol,
acidified pseudo-boehmite, and metal-modified pseudo-boehmite; the clay is one or more of
kaolin, montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite, sepiolite,
attapulgite, hydrotalcite and bentonite.

28. A process for preparing the catalytic cracking catalyst, comprising the following steps:
making a clay, a silica-alumina material, a cracking active component, and a binder form a
slurry, and spray drying the slurry; wherein the silica-alumina material is the silica-alumina
material according to any of technical solutions 1-5 of Group B or technical solution 15 of
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Group B, the cracking active component comprises a first Y-type molecular sieve and an
optional second molecular sieve; the first Y-type molecular sieve is a Y-type molecular sieve
synthesized by in-situ crystallization having a sodium oxide content of less than 2 wt%.

29. The process for preparing the catalytic cracking catalyst according to technical solution 28
of Group B, wherein the first Y-type molecular sieve is a modified molecular sieve based on
the crystal modification of kaolin, the process for preparing the modified molecular sieve based
on the crystal modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) NaxO :
ALOs : (4-9) SiO2 : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;

(5) ion-exchanging the recovered product.

30. The preparation process according to technical solution 29 of Group B, wherein the
directing agent has the molar composition of (10-17) SiO2 : (0.7-1.3) Al2Os : (11-18) NaxO :
(200-350) H»O0.

31. The preparation process according to technical solution 29 of Group B, wherein the second
silicon source has the sodium content as Na;O of<I wt%.

32. The preparation process according to technical solution 29 or 31 of Group B, wherein the
second silicon source is a solid silica gel and/or a liquid silica gel.

33. The preparation process according to technical solution 32 of Group B, wherein the solid
silica gel has an average pore size of 0.8 nm or less, or the solid silica gel has an average pore
size of 1.5-2.0 nm, or the solid silica gel has an average pore size of 4.0-5.0 nm, or the solid
silica gel has an average pore size of 10.0 nm or more; the liquid silica gel has the SiO; content
by weight of 1%-30%.

34. The preparation process according to technical solution 29 of Group B, wherein both as
silica, the second silicon source comprises 4-10 wt% of the total amount of the added silicon.
35. The process for preparing the catalytic cracking catalyst according to technical solution 29
of Group B, wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or
the rare earth ion exchanging; preferably, the ion-exchanged product obtained from step (5) is
further calcined.

36. The process for preparing the catalytic cracking catalyst according to technical solution 29
or 35 of Group B, wherein the ion-exchanging comprises the rare earth ion exchanging, and the
modified molecular sieve based on the crystal modification of kaolin obtained from step (5) has
the rare earth content as RE,O3; of 10-20 wt%, and the sodium oxide content of less than 2
wt%.

37. The catalytic cracking catalyst obtained from the process for preparing the catalytic
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cracking catalyst according to any of technical solutions 28-36 of Group B.

[Group C]

1. A zirconia sol, comprising 0.5-20 wt% of ZrO,, a stabilizer, an alkali cation and water,
wherein the molar ratio of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7.

2. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
the zirconia sol has a colloidal particle size of 5 nm-15 nm, an average particle diameter of
about 10 nm (i.e., 10+2 nm), and a degree of concentration of 90% or higher.

3. The zirconia sol according to technical solution 1 or 2 of Group C, which is characterized in
that the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6 hours and
calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase coexist in the
resulting product, the ratio of the monoclinic phase to the tetragonal phase is preferably
0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6
hours and calcined at 800°C for 2-6 hours, ZrO: exists in the tetragonal phase in the resulting
product.

4. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
said stabilizer is an organic acid, said stabilizer is preferably one or more of glycolic acid,
oxalic acid, acetic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid,
maleic acid, itaconic acid, and citric acid.

5. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
the alkali cation is a nitrogen-containing cation, for example an ammonium ion or a
nitrogen-containing cation formed by the hydrolysis of a water soluble organic base, the water
soluble organic base is for example one or more of methylamine, dimethylamine,
trimethylamine, methanolamine, dimethanolamine, trimethanolamine, triethylanmine,
ethanolamine, diethanolamine, triethanolamine, N-methylethanolamine, tetramethylammonium

hydroxide, tetraecthylammonium hydroxide, tetrapropylammonium hydroxide,
tetraisopropylammonium hydroxide, tetrabutylammonium hydroxide,
monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,

monomethyltributylammonium hydroxide, and the like.

6. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
the molar ratio of the alkali cation to Zr is 1-8.

7. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
the zirconia sol further contains an inorganic acid radical and/or an alcohol, the molar ratio of
the inorganic acid radical and/or the alcohol to Zr is 1-6:1; preferably, the inorganic acid
radical is one or more of sulfate radical, chloride ion, and nitrate radical, the alcohol is one or
more of methanol, ethanol, propanol, and butanol.

8. The zirconia sol according to technical solution 1 of Group C, which is characterized in that
the pH value of the zirconia sol is 2-4.

9. A process for preparing the zirconia sol, comprising the following steps:

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt% as ZrO»;

(2) adding a stabilizer to the zirconium source solution to produce a first mixed solution;
wherein the molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
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temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

10. The process for preparing the zirconia sol according to technical solution 9 of Group C,
which is characterized in that the alkali solution is slowly added to the first mixed solution to
produce a clear and transparent zirconia sol, and the slow addition can be the dropwise addition,
or controlling the addition velocity to be 0.05 mL-50 mL of the alkali solution per minute per
liter of the first mixed solution.

11. The process for preparing the zirconia sol according to technical solution 9 of Group C,
which is characterized in that the zirconium source is one or more of inorganic zirconium salt
and organic zirconium salt, the inorganic zirconium salt is one or more of zirconium
tetrachloride, zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl nitrate,
zirconyl sulphate and zirconyl carbonate; the organic zirconium salt is one or more of
zirconium n-propoxide, zirconium isopropoxide, zirconium ethoxide, and zirconium butoxide.
12. The process for preparing the zirconia sol according to technical solution 9 of Group C,
which is characterized in that the stabilizer is an organic acid that can generate a coordination
polymer with zirconium, said stabilizer is preferably at least one of glycolic acid, acetic acid,
oxalic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid,
itaconic acid, citric acid, and the like, more preferably one or more of acetic acid, oxalic acid
and citric acid.

13. The process for preparing the zirconia sol according to technical solution 9 of Group C,
which is characterized in that the alkali solution is selected from ammonia water or an aqueous
solution of water soluble organic base, the water soluble organic base is for example one or
more of methylamine, dimethylamine, trimethylamine, methanolamine, dimethanolamine,
trimethanolamine,  triethylanmine, ethanolamine, diethanolamine, triethanolamine,
N-methylethanolamine, tetramethylammonium hydroxide, tetracthylammonium hydroxide,
tetrapropylammonium hydroxide, tetraisopropylammonium hydroxide, tetrabutylammonium
hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide, and
monomethyltributylammonium hydroxide.

14. A zirconia sol obtained from the process for preparing zirconia sol according to any of
technical solutions 9-13 of Group C.

15. A heavy oil cracking catalyst, according to the dry basis weight, comprising : 10-60 wt% of
a cracking active component, 20-60 wt% of a binder, and 10-70 wt% of a clay; wherein the
binder comprises 1-50 wt% of a zirconia sol, and 50-99 wt% of a second binder, A heavy oil
cracking catalyst, according to the dry basis weight, comprising : 10-60 wt% of a cracking
active component, 20-60 wt% of a binder, and 10-70 wt% of a clay; wherein the binder
comprises 1-50 wt% of a zirconia sol, and 50-99 wt% of a second binder, the zirconia sol
according to any of technical solutions 1-9 of Group C or the zirconia sol according to
technical solution 14 of Group C; Preferably, the cracking active component comprises 70-100
wt% of a Y-type molecular sieve and 0-30 wt% of a second molecular sieve.

16. The heavy oil cracking catalyst according to technical solution 15 of Group C, which is
characterized in that the second binder is one or more of alumina sol, acidified
pseudo-boehmite, and metal-modified pseudo-boehmite.

17. The heavy oil cracking catalyst according to technical solution 15 of Group C, which is
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characterized in that the Y-type molecular sieve has the rare earth content of 0-20 wt%, the
Y-type molecular sieve has the unit cell constant of 2.430 nm-2.480 nm; the clay is one or
more of kaolin, montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite,
sepiolite, attapulgite, hydrotalcite and bentonite.

18. The heavy oil cracking catalyst according to technical solution 15 of Group C, which is
characterized in that the Y-type molecular sieve is one or more of a DASY molecular sieve, a
rare earth-containing DASY molecular sieve, a USY molecular sieve, a rare earth-containing
USY molecular sieve, a REY molecular sieve, an HY molecular sieve, a REHY molecular
sieve, a modified Y-type molecular sieve synthesized from kaolin by in-situ crystallization; the
modified Y-type molecular sieve synthesized from kaolin by in-situ crystallization has the
sodium oxide content of less than 2 wt%.

19. The heavy oil cracking catalyst according to technical solution 15 of Group C, which is
characterized in that the Y-type molecular sieve comprises a first Y-type molecular sieve and
an optional third Y-type molecular sieve; wherein, the first Y-type molecular sieve is a
modified molecular sieve based on the crystal modification of kaolin obtained from the
modification treatment of a molecular sieve based on the crystal modification of kaolin, having
the sodium oxide content of less than 2 wt%, the modification treatment comprises the
super-stabilizing treatment and/or the ion-exchanging treatment; the third Y-type molecular
sieve is one or more of HY, REY, REHY, USY, REUSY, DASY and REDASY.

20. The heavy oil cracking catalyst according to technical solution 15 of Group C, which is
characterized in that the second molecular sieve is selected from pentasil molecular sieves, for
example can comprise one or more of BEA structure molecular sieve, MFI-type molecular
sieve, and mordenite, preferably one or more of BEA structure molecular sieve, and MFI-type
molecular sieve; the BEA structure molecular sieve can be obtained by crystallization without
amine, or can be obtained by calcining a molecular sieve prepared from the template agent
method, for example, beta molecular sieve; the MFI structure molecular sieve comprises at
least one of rare earth-containing MFI molecular sieve, phosphorus-containing MFI molecular
sieve, and Fe-containing MFI molecular sieve; the mordenite comprises at least one of high
silica mordenite and low silica mordenite.

21. The heavy oil cracking catalyst according to technical solution 19 of Group C, wherein for
the molecular sieve based on the crystal modification of kaolin, when measured with an X-ray
diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of the
crystallinity by the peak height method to the crystallinity by the peak area method is K1, K1 =
0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is 5.0-5.5, and the
ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method is K2, K2 = 0.87-0.93, the silica-alumina ratios are
both the molar ratio of silica to alumina.

22. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
crystallinity by the peak height method is > 80%.

23. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
K1 =0.80-0.89.

24. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
K1 =0.80-0.85.

25. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
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K2 =0.87-0.92.

26. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
K2 =0.88-0.90.

27. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
K1=0.77-0.88 and the K2 =0.87-0.91.

28. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
molecular sieve based on the crystal modification of kaolin has a proportion of macropores and
mesopores of 10-20%.

29. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

30. The heavy oil cracking catalyst according to technical solution 21 of Group C, wherein the
molecular sieve based on the crystal modification of kaolin is prepared with a process
comprising the steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) Na2O : Al,O3 : (4-9) SiO2 : (40-100) H2O;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

31. The heavy oil cracking catalyst according to technical solution 19 of Group C, wherein the
modified molecular sieve based on the crystal modification of kaolin contains rare earth, the
modified molecular sieve based on the crystal modification of kaolin has the rare earth content
as RE>O3 of 10-20 wt%.

32. The process for preparing the heavy oil cracking catalyst according to technical solution 15
of Group C, which comprises making the zirconia sol, a second binder, a clay, a cracking active
component and water form a mixture, and spray drying, the cracking active component
comprises a molecular sieve, the molecular sieve comprises a Y-type molecular sieve and an
optional second molecular sieve.

33. The process for preparing the heavy oil cracking catalyst according to technical solution 32
of Group C, which is characterized in that the second binder comprises alumina sol and
acidified pseudo-boehmite, the process for preparing the heavy oil cracking catalyst comprises
the following steps:

(S1) firstly mixing a zirconium sol and an aluminum sol to form a first sol, preferably,
controlling the pH value of the first sol to be 2.5-3.5;

(S2) preparing a clay slurry and a cracking active component slurry respectively;

(S3) mixing the clay slurry, the cracking active component slurry, the first sol, and the acidified
pseudo-boehmite, and dispersing the mixture uniformly (such as stirring, homogenizing,
grinding) to produce a second colloid mixture;

(S4) spray-drying the second colloid mixture obtained in step (S3).
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34. The process for preparing the heavy oil cracking catalyst according to technical solution 33
of Group C, wherein the Y-type molecular sieve comprises a modified molecular sieve based
on the crystal modification of kaolin, the process for preparing the modified molecular sieve
based on the crystal modification of kaolin comprises the following steps:
(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;
(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) Na,O :
ALOs : (4-9) SiO2 : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;
(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;
(5) ion-exchanging and/or super-stabilizing the recovered product.
35. The process for preparing the heavy oil cracking catalyst according to technical solution 34
of Group C, wherein the directing agent has a composition of (10-17) SiO; : (0.7-1.3) AOs :
(11-18) Na2O : (200-350) H2O.
36. The process for preparing the heavy oil cracking catalyst according to technical solution 34
of Group C, wherein the second silicon source has the sodium content as Na;O of< 1 wt%.
37. The process for preparing the heavy oil cracking catalyst according to technical solution 34
or 36 of Group C, wherein the second silicon source is a solid silica gel; wherein, the solid
silica gel has an average pore size of 1.5-2.0 nm, or the solid silica gel has an average pore size
of 4.0-5.0 nm, or the solid silica gel has an average pore size of 10.0 nm or more, or the solid
silica gel has an average pore size of 0.8 nm or less.
38. The process for preparing the heavy oil cracking catalyst according to technical solution 34
or 36 of Group C, wherein the second silicon source is a liquid silica gel, the liquid silica gel
has the SiO: content by weight of 1-30%.
39. The process for preparing the heavy oil cracking catalyst according to technical solution 34
of Group C, wherein both as silica, the second silicon source comprises 4-10 wt% of the total
amount of the added silicon.
40. The process for preparing the heavy oil cracking catalyst according to technical solution 34
of Group C, wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or
the rare earth ion exchanging.
41. The process for preparing the heavy oil cracking catalyst according to technical solution 34
or 40 of Group C, wherein the product obtained from step (5) is further calcined.
42. The process for preparing the heavy oil cracking catalyst according to technical solution 34
or 41 of Group C, wherein the ion-exchanging comprises the rare earth ion exchanging, and the
modified molecular sieve based on the crystal modification of kaolin obtained from step (5) has
the rare earth content as RE,O3; of 10-20 wt%, and the sodium oxide content of less than 2
wt%.
[Group D]
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1. An anti-metal pollution catalytic cracking catalyst, based on the dry basis weight of the
catalytic cracking catalyst, comprising: 10-70 wt% of a cracking active component, 1-20 wt%
of a zirconia binder, 1-20 wt% of a silica sol binder, 0-50 wt% of an alumina-based binder and
10-70 wt% of a clay.

2. The catalytic cracking catalyst according to technical solution 1 of Group D, which is
characterized in that the zirconia binder is a zirconia sol, the zirconia sol comprises 0.5-20 wt%,
for example 5-15 wt%, of ZrO», a stabilizer, an alkali cation and water, wherein the molar ratio
of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7.

3. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that the zirconia sol has a colloidal particle size of Snm-15nm, an average
particle diameter of 10+2nm, and the degree of concentration of 90% or higher.

4. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6
hours and calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase
coexist in the resulting product, the ratio of the monoclinic phase to the tetragonal phase is
preferably 0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e., dried at
100°C for 6 hours and calcined at 800°C for 2-6 hours, ZrO; exists in the tetragonal phase in
the resulting product.

5. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that said stabilizer in the zirconia sol is one or more of glycolic acid, oxalic
acid, acetic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid,
itaconic acid, citric acid, and the like.

6. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that in the zirconia sol, the alkali cation is an ammonium ion or a
nitrogen-containing cation formed by the hydrolysis of a water soluble organic base, the water
soluble organic base is one or more of methylamine, dimethylamine, trimethylamine,
methanolamine, dimethanolamine, trimethanolamine, triethylanmine, ethanolamine,
diethanolamine, triethanolamine, N-methylethanolamine, tetramethylammonium hydroxide,
tetracthylammonium hydroxide, tetrapropylammonium hydroxide, tetraisopropylammonium
hydroxide, tetrabutylammonium hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,
monomethyltributylammonium hydroxide, and the like.

7. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that in the zirconia sol, the molar ratio of the alkali cation to Zr is 1-8.

8. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that in the zirconia sol, the zirconia sol further contains an inorganic acid
radical and/or an alcohol, the molar ratio of the inorganic acid radical and/or the alcohol to Zr
is 1-6; the inorganic acid radical is for example one or more of sulfate radical, chloride ion, and
nitrate radical; the alcohol is for example one or more of methanol, ethanol, propanol, and
butanol.

9. The catalytic cracking catalyst according to technical solution 2 of Group D, which is
characterized in that the pH value of the zirconia sol is 1.5-5 preferably 2-3.

10. The catalytic cracking catalyst according to technical solution 1 of Group D, which is
characterized in that the pH value of the silica sol is 1.5-3.5, the particle size of the silica sol is
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2 nm-20 nm; in the silica sol, the SiO2 content is preferably 5-15 wt%; in an embodiment, the
silica sol is the silica sol prepared by directly acidifying the water glass, the pH value of the
silica sol = 1.5-3.

11. The catalytic cracking catalyst according to technical solution 1 of Group D, which is
characterized in that the alumina binder is one or more of alumina sol, acidified
pseudo-boehmite, phosphorus and/or metal-modified pseudo-boehmite.

12. The catalytic cracking catalyst according to technical solution 1 of Group D, which is
characterized in that the cracking active component comprises 70-100 wt% of a Y-type
molecular sieve and 0-30 wt% of a second molecular sieve; the Y-type molecular sieve has the
unit cell constant of 2.430nm-2.480nm, and the rare earth content as RE2O3 of 0-20 wt%; the
second molecular sieve is a pentasil molecular sieve; the clay is one or more of kaolin,
montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite, sepiolite, attapulgite,
hydrotalcite and bentonite.

13. The catalytic cracking catalyst according to technical solution 12 of Group D, which is
characterized in that the Y-type molecular sieve is a modified molecular sieve based on the
crystal modification of kaolin obtained from the modification treatment of a molecular sieve
based on the crystal modification of kaolin, having the sodium oxide content of less than 2
wt%, the modification treatment comprises super-stabilizing treatment and/or ion-exchange
treatment.

14. The heavy oil cracking catalyst according to technical solution 13 of Group D, wherein for
the molecular sieve based on the crystal modification of kaolin, when measured with an X-ray
diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of the
crystallinity by the peak height method to the crystallinity by the peak area method is K1, K1 =
0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is 5.0-5.5, and the
ratio of the silica-alumina ratio measured with the unit cell constant a0 to the silica-alumina
ratio measured with the chemical method 1s K2, K2 = 0.87-0.93, the silica-alumina ratios are
both the molar ratio of silica to alumina.

15. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein the
crystallinity by the peak height method is > 80%.

16. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein for
the molecular sieve based on the crystal modification of kaolin, the K1=0.77-0.88 and the
K2=0.87-0.91.

17. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein the
molecular sieve based on the crystal modification of kaolin has a proportion of macropores and
mesopores of 10-20%.

18. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein for
the molecular sieve based on the crystal modification of kaolin, the silica-alumina ratio
measured with the unit cell constant a0 is 5.2-5.5.

19. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein in
the process for preparing the catalytic cracking catalyst, firstly the zirconia binder and the silica
sol binder are mixed, and then mixed with the cracking active component, the clay and the
alumina-based binder.

20. The heavy oil cracking catalyst according to technical solution 14 of Group D, wherein the
modified molecular sieve based on the crystal modification of kaolin contains rare earth, the
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modified molecular sieve based on the crystal modification of kaolin has the rare earth content
as RE203 of 10-20 wt%.

21. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 1-20 of Group D, comprising;:

forming a mixture of zirconia sol and silica sol; making the mixture of zirconia sol and silica
sol, a cracking active component, a clay and an optional alumina binder form a slurry; and
spray drying; wherein the cracking active component comprises a Y-type molecular sieve and
an optional second molecular sieve.

22. The process for preparing the catalytic cracking catalyst according to technical solution 21
of Group D, which comprises the following steps:

(s1) mixing a zirconium sol and an aluminum sol, preferably, controlling the pH value of the
mixture to be 2.5-3.5;

(s2) preparing a clay slurry;

(s3) preparing a molecular sieve slurry;

(s4) mixing the clay slurry, the molecular sieve slurry, the mixture obtained in step (s1), and an
alumina binder;

(s5) uniformly dispersing the slurry obtained in step (s4), and spray drying.

23. The process for preparing the catalytic cracking catalyst according to technical solution 21
or 22 of Group D, which is characterized in that the process for preparing the zirconia sol
comprises the following steps:

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt%, for example 5-15 wt% as ZrO»;

(2) adding a stabilizer to the zirconium source solution and stirring for 0.5-3 hours at a
temperature between room temperature and 90°C to produce a first mixed solution; wherein the
molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

24. The process for preparing the catalytic cracking catalyst according to technical solution 23
of Group D, which is characterized in that in the process for preparing the zirconia sol, the
alkali solution is slowly added to the first mixed solution to produce a clear and transparent
zirconia sol; the slow addition is the dropwise addition, or controlling the addition velocity of
the alkali solution to be 0.05 mL-50 mL of the alkali solution per minute per liter of the first
mixed solution; preferably the alkali solution is added in such an amount that the pH value of
the zirconia sol is 1.5-5, for example 2-3.

25. The process for preparing the catalytic cracking catalyst according to technical solution 23
of Group D, which is characterized in that the zirconium source is one or more of inorganic
zirconium salt and organic zirconium salt, the inorganic zirconium salt is one or more of
zirconium tetrachloride, zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl
nitrate, zirconyl sulphate and zirconyl carbonate; the organic zirconium salt is one or more of
zirconium n-propoxide, zirconium isopropoxide, zirconium ethoxide, and zirconium butoxide.
26. The process for preparing the catalytic cracking catalyst according to technical solution 23
of Group D, which is characterized in that said stabilizer is one or more of glycolic acid, acetic
acid, oxalic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid,
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itaconic acid, and citric acid.

27. The process for preparing the catalytic cracking catalyst according to technical solution 23
of Group D, which is characterized in that the alkali solution is selected from ammonia water
or an aqueous solution of water soluble organic base, the water soluble organic base is for
example one or more of methylamine, dimethylamine, trimethylamine, methanolamine,
dimethanolamine, trimethanolamine, triethylanmine, ethanolamine, diethanolamine,
triethanolamine, N-methylethanolamine, tetramethylammonium hydroxide,
tetracthylammonium hydroxide, tetrapropylammonium hydroxide, tetraisopropylammonium
hydroxide, tetrabutylammonium hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide, and
monomethyltributylammonium hydroxide.

28. The process for preparing the catalytic cracking catalyst according to technical solution 21
of Group D, wherein the Y zeolite comprises a modified molecular sieve based on the crystal
modification of kaolin, the process for preparing the modified molecular sieve based on the
crystal modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) NaxO :
ALOs : (4-9) SiOz : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product to produce the molecular sieve based on the crystal modification of kaolin;

(5) ion-exchanging and/or super-stabilizing the recovered molecular sieve based on the crystal
modification of kaolin.

29. The process for preparing the catalytic cracking catalyst according to technical solution 28
of Group D, wherein the directing agent has a composition of (10-17) SiO; : (0.7-1.3) AlOs :
(11-18) Na2O : (200-350) H2O.

30. The process for preparing the catalytic cracking catalyst according to technical solution 28
of Group D, wherein the second silicon source has the sodium content as Na,O of< 1 wt%,
both as silica, the second silicon source comprises 4-10 wt% of the total amount of the added
silicon.

31. The process for preparing the catalytic cracking catalyst according to technical solution 28
or 30 of Group D, wherein in the process for preparing the modified molecular sieve based on
the crystal modification of kaolin, the second silicon source is a solid silica gel and/or a liquid
silica gel; wherein, the solid silica gel has an average pore size of 1.5-2.0 nm, or the solid silica
gel has an average pore size of 4.0-5.0 nm, or the solid silica gel has an average pore size of
10.0 nm or more, or the solid silica gel has an average pore size of 0.8 nm or less, the liquid
silica gel has a SiO, weight content of 1-30%.

32. The process for preparing the catalytic cracking catalyst according to technical solution 28
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of Group D, wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or
the rare earth ion exchanging.

33. The process for preparing the catalytic cracking catalyst according to technical solution 28
or 32 of Group D, wherein the ion-exchanging comprises the rare earth ion exchanging, and the
modified molecular sieve based on the crystal modification of kaolin obtained from step (5) has
the rare earth content as RE2O3 of 10-20 wt%, and the sodium oxide content of less than 2
wt%.

[Group E]

1. A catalytic cracking catalyst for producing lower carbon olefins, comprising: 10-60 wt% of a
cracking active component on the dry basis, 20-60 wt% of a binder on the dry basis, and 0-70
wt% of a second clay on the dry basis; wherein, based on the dry basis weight of the binder, on
the dry basis, the binder comprises 1-50 wt% of a zirconia sol, 50-99 wt% of a
phosphorus-aluminum inorganic binder and 0-45 wt% of a third binder;

the cracking active component comprises a first molecular sieve and optionally a second
molecular sieve, the first molecular sieve is a pentasil molecular sieve; on the dry basis, the
first molecular sieve comprises 70 wt% or more of the cracking active component; Preferably,
the cracking active component contains 70-100 wt% of the first molecular sieve, and 0-30 wt%
of the second molecular sieve;

the zirconia sol comprises 0.5-20 wt% of ZrO-, a stabilizer, an alkali cation and water, wherein
the molar ratio of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7;

the phosphorus-aluminum inorganic binder contains 15-40 wt% of an alumina source
component as Al203, 45-80 wt% of a phosphorus component (as P20s) and 0-40 wt% of a first
clay on the dry basis, and has a P/Al weight ratio of 1-6, a pH value of 1-3.5, and a solid
content of 15-60 wt%.

2. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the third binder is one or more of silica sol, alumina sol, silica-alumina gel,
acidified pseudo-boehmite, and metal-modified pseudo-boehmite.

3. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the first molecular sieve is one or more of MFI-structured molecular sieve,
BEA structure molecular sieve, and mordenite.

4. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the second molecular sieve is a Y-type molecular sieve, the Y-type
molecular sieve has a rare earth content of 0-20 wt%, preferably 0-12 wt%.

5. The catalytic cracking catalyst according to technical solution 1 or 4 of Group E, which is
characterized in that the Y-type molecular sieve is one or more of a DASY molecular sieve, a
rare earth-containing DASY molecular sieve, a USY molecular sieve, a rare earth-containing
USY molecular sieve, a REY molecular sieve, an HY molecular sieve, a REHY molecular
sieve, a modified Y-type molecular sieve synthesized from kaolin by in-situ crystallization.

6. The catalytic cracking catalyst according to technical solution 1 or 5 of Group E, which is
characterized in that the second molecular sieve is an ion-modified super-stabilized molecular
sieve based on the crystal modification of kaolin; based on the weight of the catalytic cracking
catalyst, the content of the ion-modified super-stabilized molecular sieve based on the crystal
modification of kaolin in the catalytic cracking catalyst is preferably 1-10 wt%.

7. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
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characterized in that the second clay is one or more of kaolin, montmorillonite, diatomite,
halloysite, metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite;
the first clay is one or more of kaolin, montmorillonite, diatomite, halloysite, metahalloysite,
saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite, the first clay is preferably
one or more of kaolin, sepiolite, attapulgite, rectorite, montmorillonite and diatomite.

8. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the process for preparing the phosphorus-aluminum inorganic binder
comprises:

(1) an alumina source, a first clay and water are mixed under vigorously stirring and dispersed
into a slurry having a solid content of 8-45 wt%; the alumina source is aluminum hydroxide
and/or alumina that can be peptized by an acid, and the weight ratio of the first clay (dry basis)
to the alumina source as Al,Os3 is 0-40:15-40;

(2) a concentrated phosphoric acid is added into the slurry obtained in step (1) under stirring
according to the weight ratio of P/Al=1-6; wherein the concentration of the concentrated
phosphoric acid is, for example, 50-98 wt%;

(3) the slurry obtained in step (2) is reacted at a temperature of 50-99°C for 15-90 minutes.

9. The catalytic cracking catalyst according to technical solution 8 of Group E, which is
characterized in that the phosphorus-aluminum inorganic binder comprises 15-35 wt% of
AlOs3 derived from the alumina source, 50-75 wt% of P20s, and 0-35 wt% of the first clay on
a dry basis, e.g. 5-30 wt% of the first clay.

10. The catalytic cracking catalyst according to technical solution 1 or 8 of Group E, which is
characterized in that the P/Al weight ratio is 2-5.

11. The catalytic cracking catalyst according to technical solution 8 of Group E, which is
characterized in that the alumina source is one or more of p-alumina, y-alumina, n-alumina,
y-alumina, x-alumina, J-alumina, 6-alumina, gibbsite, bayerite, nordstrandite, diaspore,
boehmite and pseudo-boehmite.

12. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the zirconia sol has a colloidal particle size of 5 nm-15 nm, an average
particle diameter of 10+2nm, and a degree of concentration of 90% or higher.

13. The zirconia sol according to technical solution 1 or 12 of Group E, which is characterized
in that the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6 hours and
calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase coexist in the
resulting product, the ratio of the monoclinic phase to the tetragonal phase is preferably
0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6
hours and calcined at 800°C for 2-6 hours, ZrO exists in the tetragonal phase in the resulting
product.

14. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that said stabilizer is one or more of glycolic acid, oxalic acid, acetic acid,
malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid, itaconic acid, and
citric acid.

15. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the alkali cation is an ammonium ion or a nitrogen-containing cation
formed by the hydrolysis of a water soluble organic base, the water soluble organic base is for
example one or more of methylamine, dimethylamine, trimethylamine, methanolamine,
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dimethanolamine, trimethanolamine, triethylanmine, ethanolamine, diethanolamine,
triethanolamine, N-methylethanolamine, tetramethylammonium hydroxide,
tetracthylammonium hydroxide, tetrapropylammonium hydroxide, tetraisopropylammonium
hydroxide, tetrabutylammonium hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,
monomethyltributylammonium hydroxide, and the like.

16. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the molar ratio of the alkali cation to Zr is 1-8.

17. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the zirconia sol further contains an inorganic acid radical and/or an
alcohol, the molar ratio of the inorganic acid radical and/or the alcohol to Zr is 1-6:1;
preferably, the inorganic acid radical is one or more of sulfate radical, chloride ion, and nitrate
radical, the alcohol is one or more of methanol, ethanol, propanol, and butanol.

18. The zirconia sol according to technical solution 1 of Group E, which is characterized in that
the pH value of the zirconia sol is 2-4.

19. The catalytic cracking catalyst according to technical solution 1 of Group E, which is
characterized in that the zirconia sol is prepared from a preparation process comprising the
following steps :

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt% as ZrO»;

(2) adding a stabilizer to the zirconium source solution to produce a first mixed solution;
wherein the molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

20. The catalytic cracking catalyst according to technical solution 1 of Group E, the process for
preparing the modified molecular sieve based on the crystal modification of kaolin comprises
the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) Na,O :
ALOs : (4-9) SiOz : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein all silicon
are calculated as silica, and the second silicon source comprises 0.1-10 wt% of the total amount
of the added silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product to produce the molecular sieve based on the crystal modification of kaolin;

(5) ion-exchanging and/or super-stabilizing the obtained molecular sieve based on the crystal
modification of kaolin.

21. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 1-20 of Group E, which comprises: making a cracking active component, a binder,

26



10

15

20

25

30

35

40

water and an optional clay form a slurry and spray drying.

22. The process for preparing the catalytic cracking catalyst according to technical solution 21
of Group E, which comprises the following steps:

(S1) obtaining a molecular sieve slurry,

(S2) obtaining a second clay slurry,

(S3) obtaining a zirconia sol,

(S4) obtaining a phosphorus-aluminum inorganic binder,

(S5) mixing the molecular sieve slurry, the second clay slurry, the zirconia sol, the
phosphorus-aluminum inorganic binder and the optional third binder;

(S6) spray drying the slurry obtained in step (S5).

23. A catalytic cracking process, comprising a step of contacting a heavy oil with the catalytic
cracking catalyst according to any of technical solutions 13-20 of Group E to react.

[Group F]

1. A composite, which is characterized in that the composite comprises a zirconia sol and a
silica-alumina material, based on the total amount of the composite, on the dry basis, the
content of the zirconia sol is 30-80 wt%, the content of the silica-alumina material is 20-70
wt%.

2. The composite according to technical solution 1 of Group F, wherein the zirconia sol has a
colloidal particle size of 5-15 nm, an average particle diameter of 8-12 nm, and a degree of
concentration of 90% or higher.

3. The composite according to technical solution 1 or 2 of Group F, wherein the process for
preparing the zirconia sol comprises :

(a) mixing a solution containing a zirconium source with an acid to obtain a first mixed
solution;

(b) adding an alkali solution to the first mixed solution to obtain the zirconium sol.

4. The composite according to technical solution 3 of Group F, wherein in step (a), as ZrO2, the
concentration of the solution containing the zirconium source is 0.5-20 wt%;

preferably, in step (a), the molar ratio of the solution containing the zirconium source as the Zr
element to the acid is 1:1-6;

Preferably, the mixing conditions in step (a) include: the temperature is 20-90°C, and the time
is 0.5-3 hours;

preferably, the acid in step (a) is an organic acid, more preferably at least one of glycolic acid,
acetic acid, oxalic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid,
maleic acid, itaconic acid and citric acid, further preferably acetic acid and/or citric acid;
preferably, the zirconium source is an inorganic zirconium salt and/or an organic zirconium
salt;

further preferably, the inorganic zirconium salt is at least one of zirconium tetrachloride,
zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl nitrate, zirconyl sulphate
and zirconyl carbonate;

further preferably, the organic zirconium salt is at least one of zirconium n-propoxide,
zirconium isopropoxide, zirconium ethoxide and zirconium butoxide.

5. The composite according to technical solution 3 or 4 of Group F, wherein the alkali solution
in step (b) is added in such an amount that the pH value of the zirconia sol is 1-7, preferably
1.5-5, further preferably 2-3;
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preferably, the alkali solution in step (b) is an ammonia water and/or a water soluble organic
base;

further preferably, the water soluble organic base is at least one of methylamine,
dimethylamine, trimethylamine, methanolamine, dimethanolamine, trimethanolamine,
triethylanmine, ethanolamine, diethanolamine, triethanolamine, N-methylethanolamine,
tetramethylammonium hydroxide, tetracthylammonium hydroxide, tetrapropylammonium

hydroxide, tetraisopropylammonium  hydroxide, tetrabutylammonium  hydroxide,
monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide and

monomethyltributylammonium hydroxide.

6. The composite according to any of technical solutions 1-5 of Group F, wherein the
silica-alumina material has a composition as the weight ratio of oxides of (0-1) Na>O « (15-50)
AL O3 « (85-50) SiOz;

preferably, the silica-alumina material has an average pore size of 10-100 nm, a specific
surface area of 150-600 m2/g, and a pore volume of 0.5-1.5 cm?/g.

7. The composite according to any of technical solutions 1-6 of Group F, wherein the process
for preparing the silica-alumina material comprises:

(1) mixing a silicon source with an aluminum source to obtain a mixture containing the silicon
source and the aluminum source;

(i1) adding an alkali solution to the mixture containing the silicon source and the aluminum
source to produce a slurry, and then aging the slurry to produce a solid precipitate;

(iii) contacting the solid precipitate with an ammonium salt or an acid to produce a
silica-alumina material.

8. The composite according to technical solution 7 of Group F, wherein in step (i), the molar
ratio of the silicon source as SiO; to the aluminum source as Al2O3 is 50-85:50-15;

preferably, the mixing conditions in step (i) comprise : the temperature is 20-95°C;

preferably, the silicon source in step (i) is an alkaline silicon source, more preferably one or
more of alkaline silica sol, water glass, sodium silicate, and an alkaline hydrolysis product of
silicon alkoxide;

preferably, in step (i) the aluminum source is an acidic aluminum source, more preferably one
or more of aluminum sulfate, aluminum chloride, alumina sol, and an acidic hydrolysis product
of aluminum alkoxide.

9. The composite according to technical solution 7 or 8 of Group F, wherein in step (ii) the
alkali solution is added in such an amount that the pH value of the slurry is 8-10.5;

preferably, in step (ii), the aging conditions comprise: the temperature is 50-95°C, the time is
1-10 hours;

preferably, in step (ii) the alkali solution is at least one of ammonia water, sodium hydroxide
solution, potassium hydroxide solution and sodium metalluminate solution.

10. The composite according to any of technical solutions 7-9 of Group F, wherein in step (iii),
the mode of contacting the solid precipitate with the ammonium salt is to mix the solid
precipitate with the ammonium salt and water to perform the ammonium exchanging;
preferably, the weight ratio of the solid precipitate (on the dry basis):ammonium salt:water is 1 :
0.05-0.1 : 5-30;

preferably, the ammonium exchanging condition is such one that the sodium content of the
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silica-alumina material is below 1 wt%;

further preferably, the ammonium exchanging conditions comprise: the temperature is
20-100°C, the exchanging number is 1-3 times, the time for each exchanging is 0.5-1 hours;
preferably, the ammonium salt is at least one of ammonium chloride, ammonium sulfate,
ammonium nitrate, ammonium carbonate and ammonium bicarbonate.

11. The composite according to any of technical solutions 7-9 of Group F, wherein in step (iii),
the mode of contacting the solid precipitate with the acid is to mix the solid precipitate with the
acid and water to perform the acid treatment;

preferably, the weight ratio of the solid precipitate (on the dry basis):acid:water is 1 : 0.03-0.3 :
5-30;

preferably, the acid treatment condition is such one that the sodium content of the
silica-alumina material is below 1 wt%;

further preferably, the acid treatment condition comprises: the temperature is 20-100°C, the
time is at least 0.5 hour, more preferably 1-3 hours;

preferably, the acid is at least one of sulfuric acid, hydrochloric acid and nitric acid.

12. A catalytic cracking catalyst, which is characterized in that the catalyst comprises a
molecular sieve, an alumina-based binder, a clay and the composite according to any of
technical solutions 1-11 of Group F, based on the total amount of the catalyst, the content of the
molecular sieve is 10-70 wt%, the content of the alumina-based binder is 5-30 wt%, the content
of the clay is 10-70 wt%, the content of the composite is 6-50 wt%;

the molecular sieve comprises a first molecular sieve and an optional second molecular sieve,
based on the total amount of the molecular sieve, the content of the first molecular sieve is
70-100 wt%, the content of the second molecular sieve is 0-30 wt%;

the first molecular sieve is a Y-type molecular sieve, wherein the content of the rare earth
element in the Y-type molecular sieve is 0-20 wt%; the second molecular sieve is a pentasil
molecular sieve.

13. The catalyst according to technical solution 12 of Group F, wherein the Y-type molecular
sieve is at least one of an HY molecular sieve, a REY molecular sieve, a molecular sieve based
on the crystal modification of kaolin, a REHY molecular sieve, a USY molecular sieve, a
REUSY molecular sieve, a DASY molecular sieve and a REDASY molecular sieve;

preferably, the first molecular sieve is a REY molecular sieve and/or a rare earth
element-modified molecular sieve based on the crystal modification of kaolin;

further preferably, the content of the rare earth element in the molecular sieve based on the
crystal modification of kaolin is 10-20 wt%;

preferably, the rare earth element is at least one of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb and Lu, more preferably La.

14. The catalyst according to technical solution 12 of Group F, wherein for the molecular sieve
based on the crystal modification of kaolin, the ratio of the crystallinity by the peak height
method to the crystallinity by the peak area method is 0.76-0.89;

preferably, for the molecular sieve based on the crystal modification of kaolin, the ratio of the
silica-alumina ratio obtained from the calculation with the unit cell constant to the
silica-alumina ratio measured with the chemical method is 0.87-0.93;

preferably, the molecular sieve based on the crystal modification of kaolin has a proportion of
macropores and mesopores of 10-20%.
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15. The catalyst according to any of technical solutions 12-14 of Group F, wherein the process
for preparing the molecular sieve based on the crystal modification of kaolin comprises:

(1) calcining kaolin to produce metakaolin, and then mixing the metakaolin with a sodium
silicate solution, a directing agent and an alkali solution to produce a mixed slurry;

(2) subjecting the mixed slurry to a first crystallization, mixing a solid silica gel, and then
subjecting to a second crystallization and drying to produce a molecular sieve based on the
crystal modification of kaolin.

16. The catalyst according to technical solution 15 of Group F, wherein in step (1), said
calcining conditions comprise: the temperature is 500-900°C, and the time is 1-10 hours;
preferably, in step (1), the mass ratio of the directing agent to metakaolin is 0.01-1.

17. The catalyst according to technical solution 15 or 16 of Group F, wherein in step (2), the
conditions for the first crystallization comprise : the temperature is 88-98°C, the time is 1-70
hours;

preferably, in step (2) the mass ratio of the solid silica gel to metakaolin is 0.01-1;

preferably, in step (2) the conditions for the second crystallization comprise : the temperature is
88-98°C, the time is 1-20 hours.

18. The catalyst according to any of technical solutions 12-17 of Group F, wherein the pentasil
molecular sieve is at least one of BEA-type molecular sieve, MFI-type molecular sieve and
mordenite-type molecular sieve, more preferably BEA-type molecular sieve and/or MFI-type
molecular sieve;

preferably, the MFI-type molecular sieve is at least one of rare earth-containing MFI-type
molecular sieve, phosphorus-containing MFI-type molecular sieve and Fe-containing MFI-type
molecular sieve;

preferably, the mordenite-type molecular sieve is high silica mordenite-type molecular sieve
and/or low silica mordenite-type molecular sieve.

19. The catalyst according to any of technical solutions 12-18 of Group F, wherein the
alumina-based binder is at least one of alumina sol, acidified pseudo-boehmite and
metal-modified pseudo-boehmite;

preferably, the clay is one or more of kaolin, giagerite, montmorillonite, diatomite,
metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite, and bentonite.

20. A process for preparing a catalytic cracking catalyst, which is characterized in that the
process comprises: mixing a molecular sieve, the composite according to any of technical
solutions 1-11 of Group F or the zirconia sol and the silica-alumina material for forming the
composite, an alumina-based binder and a clay, and then successively drying and calcining to
produce a catalytic cracking catalyst;

the molecular sieve, the composite, the alumina-based binder and the clay are used in such an
amount that, based on the total amount of the catalyst, the content of the molecular sieve is
10-70 wt%, the content of the composite is 6-50 wt%, the content of the alumina-based binder
is 5-30 wt%, the content of the clay is 10-70 wt%;

the molecular sieve comprises a first molecular sieve and an optional second molecular sieve,
based on the total amount of the molecular sieve, the content of the first molecular sieve is
70-100 wt%, the content of the second molecular sieve is 0-30 wt%;

the first molecular sieve is a Y-type molecular sieve, wherein the content of the rare earth
element in the Y-type molecular sieve is 0-20 wt%; the second molecular sieve is a pentasil
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molecular sieve.

More particular, in order to achieve the above objectives, the present invention also provides
the following technical solutions:

1. A catalytic cracking catalyst, comprising : 10-70 wt% of a cracking active component,
10-60 wt% of a binder and 10-70 wt% of a clay, wherein the cracking active component
comprises 5-100 wt% of a first Y-type molecular sieve and 0-95 wt% of a second
molecular sieve; wherein, the first Y-type molecular sieve is a modified molecular sieve
based on the crystal modification of kaolin obtained from the modification treatment of a
molecular sieve based on the crystal modification of kaolin, and has the sodium oxide
content of less than 2 wt%.

2. The catalytic cracking catalyst according to technical solution 1, wherein for the
molecular sieve based on the crystal modification of kaolin, when measured with an X-ray
diffraction method, the crystallinity by the peak height method is > 60%, and the ratio of
the crystallinity by the peak height method to the crystallinity by the peak area method is
K1, K1 = 0.76-0.89; the silica-alumina ratio measured with the unit cell constant a0 is
5.0-5.5, and the ratio of the silica-alumina ratio measured with the unit cell constant a0 to
the silica-alumina ratio measured with the chemical method is K2, K2 = 0.87-0.93, the
silica-alumina ratios are both the molar ratio of silica to alumina.

3. The catalytic cracking catalyst according to technical solution 2, wherein the
crystallinity by the peak height method is > 80%.

4. The catalytic cracking catalyst according to any of technical solutions 2-3, wherein the
K1=0.80-0.89, for example the K1=0.80-0.85.

5. The catalytic cracking catalyst according to any of technical solutions 2-4, wherein the
K2=0.87-0.92, for example the K2=0.88-0.90.

6. The catalytic cracking catalyst according to any of technical solutions 2-5, wherein the
K1=0.77-0.88 and the K2=0.87-0.91.

7. The catalytic cracking catalyst according to any of technical solutions 2-6, wherein the
molecular sieve based on the crystal modification of kaolin has a proportion of
macropores and mesopores of 10-20%.

8. The catalytic cracking catalyst according to any of technical solutions 2-7, wherein the
silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

9. The catalytic cracking catalyst according to any of technical solutions 1-8, wherein the
molecular sieve based on the crystal modification of kaolin is prepared with a process
comprising the steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) NaxO : Al,O3 : (4-9) SiO; : (40-100) H2O;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
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product.

10. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the modified molecular sieve based on the crystal modification of kaolin contains
rare earth, the modified molecular sieve based on the crystal modification of kaolin has
the content of rare earth as RE203; of 10-20 wt%.

11. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the second molecular sieve is selected from faujasite and/or pentasil molecular
sieve; for example, the faujasite is one or more of HY, REY, REHY, USY, REUSY,
DASY and REDASY; the pentasil molecular sieve comprises one or more of BEA
structure molecular sieve, MFI structure molecular sieve, and mordenite; the binder is one
or more of zirconia sol, silica sol, alumina sol, acidified pseudo-boehmite, and
metal-modified pseudo-boehmite; the clay is one or more of kaolin, montmorillonite,
diatomite, halloysite, metahalloysite, saponite, rectorite, sepiolite, attapulgite,
hydrotalcite and bentonite.

12. A process for preparing the catalytic cracking catalyst according to any of the
precedent technical solutions, comprising the following steps:

(1) preparing a modified molecular sieve based on the crystal modification of kaolin;

(2) making a clay, a cracking active component and a binder form a slurry; the cracking
active component comprises the modified molecular sieve based on the crystal
modification of kaolin and an optional second molecular sieve;

(3) spray-drying the slurry obtained in step (2).

13. The process for preparing the catalytic cracking catalyst according to technical
solution 12, wherein the process for preparing the modified molecular sieve based on the
crystal modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5)
NayO : AlLOs : (4-9) SiO; : (40-100) H2O, wherein the mass ratio of the directing agent to
the metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;

(5) ion-exchanging the recovered product.

14. The catalytic cracking catalyst according to technical solution 9 or the process for
preparing the catalytic cracking catalyst according to technical solution 13, wherein the
directing agent has a composition of (10-17) SiOz : (0.7-1.3) AlOsz : (11-18) NaxO :
(200-350) H20.

15. The preparation process according to technical solution 13, wherein the second silicon
source has the sodium content as NayO of< 1 wt%.

16. The process for preparing the catalytic cracking catalyst according to any of technical
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solutions 13-15, wherein the second silicon source is a solid silica gel.

17. The process for preparing the catalytic cracking catalyst according to technical
solution 16, wherein the solid silica gel has an average pore size of 1.5-2.0 nm, or the
solid silica gel has an average pore size of 4.0-5.0 nm, or the solid silica gel has an
average pore size of 10.0 nm or more, or the solid silica gel has an average pore size of
0.8 nm or less.

18. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 13-17, wherein the second silicon source is a liquid silica gel.

19. The process for preparing the catalytic cracking catalyst according to technical
solution 18, wherein the liquid silica gel has the SiO; content by weight of 1-30%.

20. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 13-19, wherein both as silica, the second silicon source comprises 4-10 wt% of
the total amount of the added silicon.

21. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 13-20, wherein the ion-exchanging in step (5) is the ammonium ion exchanging
and/or the rare earth ion exchanging.

22. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 13-21, wherein the ion-exchanged product obtained from step (5) is further
calcined.

23. The process for preparing the catalytic cracking catalyst according to any of technical
solutions 13-22, wherein the ion-exchanging comprises the rare earth ion exchanging, and
the modified molecular sieve based on the crystal modification of kaolin obtained from
step (5) has the rare earth content as RE>O3 of 10-20 wt%, and the sodium oxide content
of less than 2 wt%.

24. A catalytic cracking process, which comprises a step of contacting a hydrocarbon oil
with the catalytic cracking catalyst according to any of technical solutions 1-11 to react.
25. The catalytic cracking catalyst according to any of the precedent technical solutions
1-11, wherein the catalytic cracking catalyst comprises a silica-alumina material, which
has an anhydrous chemical formula by weight of (0-1) NaxO « (15-50) ALLOs * (85-50)
Si02, a most probable pore size of 10-100nm, a specific surface area of 150-600 m2/g, a
pore volume of 0.5-1.5 mL/g, and a proportion of the pore volume of the pores having a
pore diameter of greater than 10 nm to the total pore volume of 70%-98%.

26. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina material contains pseudo-boehmite crystal grains, and the
average size of pseudo-boehmite crystal grains is 1.5 nm-3.5 nm.

27. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina material has a pore volume of 0.8-1.5 mL/g.

28. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina material has a specific surface area of 280-450 m2/g.

29. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina material has a SiO2:Al,O3; weight ratio of 2-4:1.

30. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina material is prepared by the following process, which includes
the following steps:
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(1) an alkaline silicon source is gradually added to an acidic aluminum source according to the
weight ratio of Si02:A103=(50-85):(50-15) at a temperature between room temperature and
95°C;

(2) After all the alkaline silicon source is added to the acidic aluminum source, then an alkaline
solution is added until the pH value of the slurry is 8-10.5, and then the slurry is aged at
50-95°C for 1-10 hours to obtain a solid precipitate;

(3) contacting the solid precipitate with a solution containing an ammonium salt and/or an acid,
and filtering to produce a silica-alumina material having the sodium content as Na;O of below
1 wt%, wherein the solid precipitate is optionally dried before contacting with the solution
containing an ammonium salt and/or an acid.

31. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the acidic aluminum
source is selected from aluminum sulfate, aluminum chloride, alumina sol, and an acidic
hydrolysis product of aluminum alkoxide, the aluminum alkoxide is for example one or
more of aluminium isopropoxide, aluminium sec-butoxide, aluminium triethoxide, and the
like.

32. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the alkaline silicon
source is selected from an alkaline silica sol, water glass, sodium silicate, and an alkaline
hydrolysis product of silicate ester, the silicate ester is for example one or more of
tetramethyl orthosilicate, tetraethyl silicate, tetraisopropyl orthosilicate, tetrabutyl
orthosilicate, and the like.

33. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the alkaline solution is
one or more of ammonia water, sodium hydroxide solution, potassium hydroxide solution,
sodium metalluminate solution, further preferably sodium metalluminate solution.

34. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the treatment by
contacting the solid precipitate with a solution containing an ammonium salt and/or an
acid comprises: contacting the resulting solid precipitate with the solution containing an
ammonium salt at a temperature between room temperature and 100°C according to the
weight ratio of the solid precipitate (dry basis):ammonium salt: HoO=1:(0.05-0.1):(5-30).
35. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the ammonium salt is one
or more of ammonium chloride, ammonium sulfate, ammonium nitrate, ammonium
carbonate and ammonium bicarbonate.

36. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the solution containing
an ammonium salt and/or an acid is an acid solution, the treatment by contacting the solid
precipitate with the solution containing an ammonium salt and/or an acid is to contact the
solid precipitate with the acid solution at a temperature between room temperature and
100°C for at least 0.5 hour, for example 0.5-2 hours according to the weight ratio of the
solid precipitate (dry basis):acid:H>0O=1:(0.03-0.3):(5-30), the contacting (exchanging)
can be performed one or more times.
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37. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, wherein, the acid is one
or more of sulfuric acid, hydrochloric acid and nitric acid.

38. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the silica-alumina material, the treatment by
contacting with the solution containing an ammonium salt and/or an acid is performed one
or more times, each contacting for 0.5-1 hours, until the sodium oxide content in the solid
precipitate is below 1 wt%.

39. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the catalytic cracking catalyst comprises 10-70 wt% of a cracking active
component, 1-20 wt% of a silica-alumina material, 10-60 wt% of a binder and 10-70 wt%
of a clay; wherein, the cracking active component comprises 25-100 wt% of a first Y-type
molecular sieve and 0-75 wt% of a second molecular sieve; the first Y-type molecular
sieve is a Y-type molecular sieve synthesized by in-situ crystallization having a sodium
oxide content of less than 2 wt%, the silica-alumina material is the silica-alumina material
according to any of precedent technical solutions.

40. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve synthesized from kaolin by in-situ crystallization
having the sodium oxide content of less than 2 wt% contains rare earth, wherein the rare
earth content as RE>O3 is 10-20 wt%.

41. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve synthesized from kaolin by in-situ crystallization
having the sodium oxide content of less than 2 wt% is a modified molecular sieve based
on the crystal modification of kaolin, the modified molecular sieve based on the crystal
modification of kaolin is obtained by the treatment of reducing the sodium content and/or
the treatment of introducing the rare earth from a molecular sieve based on the crystal
modification of kaolin, the modified molecular sieve based on the crystal modification of
kaolin has the sodium oxide content of less than 2 wt%.

42. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, when
measured with an X-ray diffraction method, the crystallinity by the peak height method is
> 60%, and the ratio of the crystallinity by the peak height method to the crystallinity by
the peak area method is K1, K1 = 0.76-0.89; the silica-alumina ratio measured with the
unit cell constant a0 is 5.0-5.5, and the ratio of the silica-alumina ratio measured with the
unit cell constant a0 to the silica-alumina ratio measured with the chemical method is K2,
K2 =0.87-0.93, the silica-alumina ratios are both the molar ratio of silica to alumina.

43. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the crystallinity by the peak height method is > 80%.

44. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the K1 = 0.77-0.88, and the K2 = 0.87-0.91.

45. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the K1 = 0.80-0.89 or the K1 = 0.80-0.85.

46. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the K2 = 0.87-0.92 or the K2 = 0.88-0.90.
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47. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molecular sieve based on the crystal modification of kaolin has a proportion
of macropores and mesopores of 10-20%.

48. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

49. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molecular sieve based on the crystal modification of kaolin is prepared with a
process comprising the steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) NaxO : AlxOs3 : (4-9) SiO; : (40-100) H20;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;
(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

50. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second molecular sieve is selected from faujasite and/or pentasil molecular
sieve, for example, the faujasite is one or more of HY, REY, REHY, USY, REUSY,
DASY and REDASY, the pentasil molecular sieve comprises one or more of BEA
structure molecular sieve, MFI structure molecular sieve, and mordenite; the binder is one
or more of silica sol, alumina sol, acidified pseudo-boehmite, and metal-modified
pseudo-boehmite; the clay is one or more of kaolin, montmorillonite, diatomite, halloysite,
metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite.

51. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the catalytic cracking catalyst is prepared by the following preparation process,
which comprises the following steps:

making a clay, a silica-alumina material, a cracking active component, and a binder form a
slurry, and spray drying the slurry; wherein the silica-alumina material is the silica-alumina
material according to any of precedent technical solutions, the cracking active component
comprises a first Y-type molecular sieve and an optional second molecular sieve; the first
Y-type molecular sieve is a Y-type molecular sieve synthesized by in-situ crystallization
having a sodium oxide content of less than 2 wt%.

52. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the first Y-type
molecular sieve is a modified molecular sieve based on the crystal modification of kaolin,
the process for preparing the modified molecular sieve based on the crystal modification
of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
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metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) NaxO :
ALOs : (4-9) SiOz : (40-100) H2O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;

(5) ion-exchanging the recovered product.

53. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the directing agent has
the molar composition of (10-17) SiOz : (0.7-1.3) Al2O3 : (11-18) Na2O : (200-350) H>O.
54. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second silicon source has the sodium content as NayO of<1 wt%.

55. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the second silicon
source is a solid silica gel and/or a liquid silica gel.

56. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the solid silica gel has
an average pore size of 0.8 nm or less, or the solid silica gel has an average pore size of
1.5-2.0 nm, or the solid silica gel has an average pore size of 4.0-5.0 nm, or the solid
silica gel has an average pore size of 10.0 nm or more; the liquid silica gel has the SiO:
content by weight of 1%-30%.

57. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, both as silica, the
second silicon source comprises 4-10 wt% of the total amount of the added silicon.

58. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the ion-exchanging in
step (5) is the ammonium ion exchanging and/or the rare earth ion exchanging; preferably,
the ion-exchanged product obtained from step (5) is further calcined.

59. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, the ion-exchanging
comprises the rare earth ion exchanging, and the modified molecular sieve based on the
crystal modification of kaolin obtained from step (5) has the rare earth content as RE2O3
of 10-20 wt%, and the sodium oxide content of less than 2 wt%.

60. The catalytic cracking catalyst according to any of the precedent technical solutions
1-11, wherein the binder comprises a zirconia sol, the zirconia sol comprises 0.5-20 wt%
of ZrO», a stabilizer, an alkali cation and water, wherein the molar ratio of the stabilizer to
Zr is 1-6, the pH value of the zirconia sol is 1-7.

61. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol has a colloidal particle size of 5 nm-15 nm, an average particle
diameter of about 10 nm (i.e., 10+2 nm), and a degree of concentration of 90% or higher.
62. The catalytic cracking catalyst according to any of precedent technical solutions,
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wherein the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6 hours and
calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase coexist in the
resulting product, the ratio of the monoclinic phase to the tetragonal phase is preferably
0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6
hours and calcined at 800°C for 2-6 hours, ZrO; exists in the tetragonal phase in the resulting
product.

63. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein said stabilizer is an organic acid, said stabilizer is preferably one or more of
glycolic acid, oxalic acid, acetic acid, malonic acid, malic acid, tartaric acid, succinic acid,
adipic acid, maleic acid, itaconic acid, and citric acid.

64. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali cation is a nitrogen-containing cation, for example an ammonium ion
or a nitrogen-containing cation formed by the hydrolysis of a water soluble organic base,
the water soluble organic base is for example one or more of methylamine, dimethylamine,
trimethylamine, methanolamine, dimethanolamine, trimethanolamine, triethylanmine,
ethanolamine, diethanolamine, triethanolamine, N-methylethanolamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide, tetrapropylammonium
hydroxide, tetraisopropylammonium hydroxide, tetrabutylammonium hydroxide,
monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,
monomethyltributylammonium hydroxide, and the like.

65. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molar ratio of the alkali cation to Zr is 1-8.

66. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol further contains an inorganic acid radical and/or an alcohol, the
molar ratio of the inorganic acid radical and/or the alcohol to Zr is 1-6:1; preferably, the
inorganic acid radical is one or more of sulfate radical, chloride ion, and nitrate radical,
the alcohol is one or more of methanol, ethanol, propanol, and butanol.

67. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the pH value of the zirconia sol is 2-4.

68. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol is prepared from a preparation process comprising the following
steps:

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt% as ZrO»;

(2) adding a stabilizer to the zirconium source solution to produce a first mixed solution;
wherein the molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

69. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali solution is slowly added to the first mixed solution to produce a clear
and transparent zirconia sol, and the slow addition can be the dropwise addition, or
controlling the addition velocity to be 0.05 mL-50 mL of the alkali solution per minute
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per liter of the first mixed solution.

70. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconium source is one or more of inorganic zirconium salt and organic
zirconium salt, the inorganic zirconium salt is one or more of zirconium tetrachloride,
zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl nitrate, zirconyl
sulphate and zirconyl carbonate; the organic zirconium salt is one or more of zirconium
n-propoxide, zirconium isopropoxide, zirconium ethoxide, and zirconium butoxide.

71. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the stabilizer is an organic acid that can generate a coordination polymer with
zirconium, said stabilizer is preferably at least one of glycolic acid, acetic acid, oxalic
acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid,
itaconic acid, citric acid, and the like, more preferably one or more of acetic acid, oxalic
acid and citric acid.

72. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali solution is selected from ammonia water or an aqueous solution of
water soluble organic base, the water soluble organic base is for example one or more of
methylamine, dimethylamine, trimethylamine, methanolamine, dimethanolamine,
trimethanolamine, triethylanmine, ethanolamine, diethanolamine, triethanolamine,
N-methylethanolamine, tetramethylammonium hydroxide, tetraethylammonium hydroxide,

tetrapropylammonium hydroxide, tetraisopropylammonium hydroxide,
tetrabutylammonium hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide, and

monomethyltributylammonium hydroxide.

73. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the catalyst is a heavy oil cracking catalyst, according to the dry basis weight,
comprising : 10-60 wt% of a cracking active component, 20-60 wt% of a binder, and
10-70 wt% of a clay; wherein the binder comprises 1-50 wt% of a zirconia sol, and 50-99
wt% of a second binder, the zirconia sol is preferably the zirconia sol according to any of
precedent technical solutions; preferably, the cracking active component comprises
70-100 wt% of a Y-type molecular sieve and 0-30 wt% of a second molecular sieve.

74. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second binder is one or more of alumina sol, acidified pseudo-boehmite, and
metal-modified pseudo-boehmite.

75. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve has the rare earth content of 0-20 wt%, the Y-type
molecular sieve has the unit cell constant of 2.430 nm-2.480 nm; the clay is one or more
of kaolin, montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite,
sepiolite, attapulgite, hydrotalcite and bentonite.

76. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve is one or more of a DASY molecular sieve, a rare
earth-containing DASY molecular sieve, a USY molecular sieve, a rare earth-containing
USY molecular sieve, a REY molecular sieve, an HY molecular sieve, a REHY molecular
sieve, a modified Y-type molecular sieve synthesized from kaolin by in-situ
crystallization; the modified Y-type molecular sieve synthesized from kaolin by in-situ
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crystallization has the sodium oxide content of less than 2 wt%.

77. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve comprises a first Y-type molecular sieve and an
optional third Y-type molecular sieve; wherein, the first Y-type molecular sieve is a
modified molecular sieve based on the crystal modification of kaolin obtained from the
modification treatment of a molecular sieve based on the crystal modification of kaolin,
having the sodium oxide content of less than 2 wt%, the modification treatment comprises
the super-stabilizing treatment and/or the ion-exchanging treatment; the third Y-type
molecular sieve is one or more of HY, REY, REHY, USY, REUSY, DASY and REDASY.
78. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second molecular sieve is selected from pentasil molecular sieves, for
example can comprise one or more of BEA structure molecular sieve, MFI-type molecular
sieve, and mordenite, preferably one or more of BEA structure molecular sieve, and
MFI-type molecular sieve; the BEA structure molecular sieve can be obtained by
crystallization without amine, or can be obtained by calcining a molecular sieve prepared
from the template agent method, for example, beta molecular sieve; the MFI structure
molecular sieve comprises at least one of rare earth-containing MFI molecular sieve,
phosphorus-containing MFI molecular sieve, and Fe-containing MFI molecular sieve; the
mordenite comprises at least one of high silica mordenite and low silica mordenite.

79. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, when
measured with an X-ray diffraction method, the crystallinity by the peak height method is
> 60%, and the ratio of the crystallinity by the peak height method to the crystallinity by
the peak area method is K1, K1 = 0.76-0.89; the silica-alumina ratio measured with the
unit cell constant a0 is 5.0-5.5, and the ratio of the silica-alumina ratio measured with the
unit cell constant a0 to the silica-alumina ratio measured with the chemical method is K2,
K2 =0.87-0.93, the silica-alumina ratios are both the molar ratio of silica to alumina.

80. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the crystallinity by the peak height method is > 80%.

81. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the K1 = 0.80-0.89, for example, the K1 = 0.80-0.85.

82. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the K2 = 0.87-0.92, for example, the K2 = 0.88-0.90.

83. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the K1 = 0.77-0.88 and the K2 = 0.87-0.91.

84. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the molecular sieve based on the crystal modification of kaolin has a proportion
of macropores and mesopores of 10-20%.

85. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

86. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molecular sieve based on the crystal modification of kaolin is prepared with a
process comprising the steps of:
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(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a composition
by molar ratio of (1-2.5) NaxO : Al,O3 : (4-9) SiO; : (40-100) H2O;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

87. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the modified molecular sieve based on the crystal modification of kaolin contains

rare earth, the modified molecular sieve based on the crystal modification of kaolin has
the rare earth content as RE203 of 10-20 wt%.

88. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the heavy oil cracking catalyst, which comprises
making the zirconia sol, a second binder, a clay, a cracking active component and water
form a mixture, and spray drying, the cracking active component comprises a molecular
sieve, the molecular sieve comprises a Y-type molecular sieve and an optional second
molecular sieve.

89. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the second binder
comprises alumina sol and acidified pseudo-boehmite, the process for preparing the heavy
oil cracking catalyst comprises the following steps:

(S1) firstly mixing a zirconium sol and an aluminum sol to form a first sol, preferably,
controlling the pH value of the first sol to be 2.5-3.5;

(S2) preparing a clay slurry and a cracking active component slurry respectively;

(S3) mixing the clay slurry, the cracking active component slurry, the first sol, and the acidified
pseudo-boehmite, and dispersing the mixture uniformly (such as stirring, homogenizing,
grinding) to produce a second colloid mixture;

(S4) spray-drying the second colloid mixture obtained in step (S3).

90. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the Y-type molecular
sieve comprises a modified molecular sieve based on the crystal modification of kaolin,

the process for preparing the modified molecular sieve based on the crystal modification
of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) NaxO :
ADLO3 : (4-9) SiO; : (40-100) H2O, wherein the mass ratio of the directing agent to the
metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then

41



10

15

20

25

30

35

40

supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;

(5) ion-exchanging and/or super-stabilizing the recovered product.

91. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the directing agent
has a composition of (10-17) SiO2 : (0.7-1.3) Al2O3 : (11-18) NaO : (200-350) H>O.

92. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the second silicon
source has the sodium content as Na,O of< 1 wt%.

93. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the second silicon
source is a solid silica gel; wherein, the solid silica gel has an average pore size of 1.5-2.0
nm, or the solid silica gel has an average pore size of 4.0-5.0 nm, or the solid silica gel
has an average pore size of 10.0 nm or more, or the solid silica gel has an average pore
size of 0.8 nm or less.

94. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the second silicon
source is a liquid silica gel, the liquid silica gel has the SiO; content by weight of 1-30%.
95. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, both as silica, the
second silicon source comprises 4-10 wt% of the total amount of the added silicon.

96. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the ion-exchanging in
step (5) is the ammonium ion exchanging and/or the rare earth ion exchanging.

97. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the product obtained
from step (5) is further calcined.

98. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the heavy oil cracking catalyst, the ion-exchanging
comprises the rare earth ion exchanging, and the modified molecular sieve based on the
crystal modification of kaolin obtained from step (5) has the rare earth content as RE2O;
of 10-20 wt%, and the sodium oxide content of less than 2 wt%.

99. The catalytic cracking catalyst according to any of the precedent technical solutions
1-11, wherein the catalyst is an anti-metal pollution catalytic cracking catalyst, based on
the dry basis weight of the catalytic cracking catalyst, comprising: 10-70 wt% of a
cracking active component, 1-20 wt% of a zirconia binder, 1-20 wt% of a silica sol binder,
0-50 wt% of an alumina-based binder and 10-70 wt% of a clay.

100. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia binder is a zirconia sol, the zirconia sol comprises 0.5-20 wt%, for
example 5-15 wt%, of ZrO», a stabilizer, an alkali cation and water, wherein the molar
ratio of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7.
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101. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol has a colloidal particle size of Snm-15nm, an average particle
diameter of 10+2nm, and the degree of concentration of 90% or higher.

102. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6 hours
and calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase
coexist in the resulting product, the ratio of the monoclinic phase to the tetragonal phase
is preferably 0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e.,
dried at 100°C for 6 hours and calcined at 800°C for 2-6 hours, ZrO; exists in the
tetragonal phase in the resulting product.

103. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein said stabilizer in the zirconia sol is one or more of glycolic acid, oxalic acid,
acetic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid,
itaconic acid, citric acid, and the like.

104. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the zirconia sol, the alkali cation is an ammonium ion or a nitrogen-containing
cation formed by the hydrolysis of a water soluble organic base, the water soluble organic
base is one or more of methylamine, dimethylamine, trimethylamine, methanolamine,
dimethanolamine, trimethanolamine, triethylanmine, ethanolamine, diethanolamine,

triethanolamine, N-methylethanolamine, tetramethylammonium hydroxide,
tetracthylammonium hydroxide, tetrapropylammonium hydroxide,
tetraisopropylammonium hydroxide, tetrabutylammonium hydroxide,
monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,

monomethyltributylammonium hydroxide, and the like.

105. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the zirconia sol, the molar ratio of the alkali cation to Zr is 1-8.

106. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the zirconia sol, the zirconia sol further contains an inorganic acid radical
and/or an alcohol, the molar ratio of the inorganic acid radical and/or the alcohol to Zr is
1-6; the inorganic acid radical is for example one or more of sulfate radical, chloride ion,
and nitrate radical; the alcohol is for example one or more of methanol, ethanol, propanol,
and butanol.

107. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the pH value of the zirconia sol is 1.5-5 preferably 2-3.

108. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the pH value of the silica sol is 1.5-3.5, the particle size of the silica sol is 2
nm-20 nm; in the silica sol, the SiO> content is preferably 5-15 wt%; in an embodiment,
the silica sol is the silica sol prepared by directly acidifying the water glass, the pH value
of the silica sol = 1.5-3.

109. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alumina binder is one or more of alumina sol, acidified pseudo-boehmite,
phosphorus and/or metal-modified pseudo-boehmite.

110. The catalytic cracking catalyst according to any of precedent technical solutions,
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wherein the cracking active component comprises 70-100 wt% of a Y-type molecular
sieve and 0-30 wt% of a second molecular sieve; the Y-type molecular sieve has the unit
cell constant of 2.430nm-2.480nm, and the rare earth content as RE>O3 of 0-20 wt%; the
second molecular sieve is a pentasil molecular sieve; the clay is one or more of kaolin,
montmorillonite, diatomite, halloysite, metahalloysite, saponite, rectorite, sepiolite,
attapulgite, hydrotalcite and bentonite.

111. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve is a modified molecular sieve based on the crystal
modification of kaolin obtained from the modification treatment of a molecular sieve
based on the crystal modification of kaolin, having the sodium oxide content of less than
2 wt%, the modification treatment comprises super-stabilizing treatment and/or
ion-exchange treatment.

112. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, when
measured with an X-ray diffraction method, the crystallinity by the peak height method is
> 60%, and the ratio of the crystallinity by the peak height method to the crystallinity by
the peak area method is K1, K1 = 0.76-0.89; the silica-alumina ratio measured with the
unit cell constant a0 is 5.0-5.5, and the ratio of the silica-alumina ratio measured with the
unit cell constant a0 to the silica-alumina ratio measured with the chemical method is K2,
K2 =0.87-0.93, the silica-alumina ratios are both the molar ratio of silica to alumina.

113. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the crystallinity by the peak height method is > 80%.

114. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, the
K1=0.77-0.88 and the K2=0.87-0.91.

115. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molecular sieve based on the crystal modification of kaolin has a proportion
of macropores and mesopores of 10-20%.

116. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, the
silica-alumina ratio measured with the unit cell constant a0 is 5.2-5.5.

117. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the catalytic cracking catalyst, firstly the zirconia
binder and the silica sol binder are mixed, and then mixed with the cracking active
component, the clay and the alumina-based binder.

118. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the modified molecular sieve based on the crystal modification of kaolin contains
rare earth, the modified molecular sieve based on the crystal modification of kaolin has
the rare earth content as RE>O3 of 10-20 wt%.

119. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the catalytic cracking catalyst is prepared with the following process, which
comprises:

forming a mixture of zirconia sol and silica sol; making the mixture of zirconia sol and silica
sol, a cracking active component, a clay and an optional alumina binder form a slurry; and
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spray drying; wherein the cracking active component comprises a Y-type molecular sieve and
an optional second molecular sieve.

120. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the following steps are included:

(s1) mixing a zirconium sol and an aluminum sol, preferably, controlling the pH value of the
mixture to be 2.5-3.5;

(s2) preparing a clay slurry;

(s3) preparing a molecular sieve slurry;

(s4) mixing the clay slurry, the molecular sieve slurry, the mixture obtained in step (s1), and an
alumina binder;

(s5) uniformly dispersing the slurry obtained in step (s4), and spray drying.

121. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the zirconia sol comprises the following steps:

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt%, for example 5-15 wt% as ZrO»;

(2) adding a stabilizer to the zirconium source solution and stirring for 0.5-3 hours at a
temperature between room temperature and 90°C to produce a first mixed solution; wherein the
molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

122. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in the process for preparing the zirconia sol, the alkali solution is slowly added to
the first mixed solution to produce a clear and transparent zirconia sol; the slow addition
is the dropwise addition, or controlling the addition velocity of the alkali solution to be
0.05 mL-50 mL of the alkali solution per minute per liter of the first mixed solution;
preferably, the alkali solution is added in such an amount that the pH value of the zirconia
sol is 1.5-5, for example 2-3.

123. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconium source is one or more of inorganic zirconium salt and organic
zirconium salt, the inorganic zirconium salt is one or more of zirconium tetrachloride,
zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl nitrate, zirconyl
sulphate and zirconyl carbonate; the organic zirconium salt is one or more of zirconium
n-propoxide, zirconium isopropoxide, zirconium ethoxide, and zirconium butoxide.

124. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein said stabilizer is one or more of glycolic acid, acetic acid, oxalic acid, malonic
acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid, itaconic acid, and
citric acid.

125. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali solution is selected from ammonia water or an aqueous solution of
water soluble organic base, the water soluble organic base is for example one or more of
methylamine, dimethylamine, trimethylamine, methanolamine, dimethanolamine,
trimethanolamine, triethylanmine, ethanolamine, diethanolamine, triethanolamine,
N-methylethanolamine, tetramethylammonium hydroxide, tetraethylammonium hydroxide,
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tetrapropylammonium hydroxide, tetraisopropylammonium hydroxide,
tetrabutylammonium hydroxide, monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide, and
monomethyltributylammonium hydroxide.

126. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y zeolite comprises a modified molecular sieve based on the crystal
modification of kaolin, the process for preparing the modified molecular sieve based on
the crystal modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) Na,O :
ALOs : (4-9) SiOz : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin 1s 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both
as silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product to produce the molecular sieve based on the crystal modification of kaolin;

(5) ion-exchanging and/or super-stabilizing the recovered molecular sieve based on the crystal
modification of kaolin.

127. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the directing agent has a composition of ( 10-17 ) SiOz : ( 0.7-1.3 ) AlLOs :
(11-18) NaO : (200-350 ) H2O.

128. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second silicon source has the sodium content as Na,O of< 1 wt%, both as
silica, the second silicon source comprises 4-10 wt% of the total amount of the added
silicon.

129. The catalytic cracking catalyst according to any of precedent technical solutions,
Wherein in the process for preparing the modified molecular sieve based on the crystal
modification of kaolin, the second silicon source is a solid silica gel and/or a liquid silica
gel; wherein, the solid silica gel has an average pore size of 1.5-2.0 nm, or the solid silica
gel has an average pore size of 4.0-5.0 nm, or the solid silica gel has an average pore size
of 10.0 nm or more, or the solid silica gel has an average pore size of 0.8 nm or less, the
liquid silica gel has a SiO2 weight content of 1-30%.

130. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or the rare
earth ion exchanging.

131. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the ion-exchanging comprises the rare earth ion exchanging, and the modified
molecular sieve based on the crystal modification of kaolin obtained from step (5) has the
rare earth content as RE2O3 of 10-20 wt%, and the sodium oxide content of less than 2
wt%.
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132. The catalytic cracking catalyst according to any of the precedent technical solutions
1-11, wherein the catalyst is a catalytic cracking catalyst for producing lower carbon
olefins, comprising: 10-60 wt% of a cracking active component on the dry basis, 20-60
wt% of a binder on the dry basis, and 0-70 wt% of a second clay on the dry basis; wherein,
based on the dry basis weight of the binder, on the dry basis, the binder comprises 1-50
wt% of a zirconia sol, 50-99 wt% of a phosphorus-aluminum inorganic binder and 0-45
wt% of a third binder;

the cracking active component comprises a first molecular sieve and optionally a second
molecular sieve, the first molecular sieve is a pentasil molecular sieve; on the dry basis, the
first molecular sieve comprises 70 wt% or more of the cracking active component; Preferably,
the cracking active component contains 70-100 wt% of the first molecular sieve, and 0-30 wt%
of the second molecular sieve;

the zirconia sol comprises 0.5-20 wt% of ZrO», a stabilizer, an alkali cation and water, wherein
the molar ratio of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7;

the phosphorus-aluminum inorganic binder contains 15-40 wt% of an alumina source
component as Al,Os3, 45-80 wt% of a phosphorus component (as P2Os) and 0-40 wt% of a first
clay on the dry basis, and has a P/Al weight ratio of 1-6, a pH value of 1-3.5, and a solid
content of 15-60 wt%.

133. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the third binder is one or more of silica sol, alumina sol, silica-alumina gel,
acidified pseudo-boehmite, and metal-modified pseudo-boehmite.

134. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the first molecular sieve is one or more of MFI-structured molecular sieve, BEA
structure molecular sieve, and mordenite.

135. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second molecular sieve is a Y-type molecular sieve, the Y-type molecular
sieve has a rare earth content of 0-20 wt%, preferably 0-12 wt%.

136. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve is one or more of a DASY molecular sieve, a rare
earth-containing DASY molecular sieve, a USY molecular sieve, a rare earth-containing
USY molecular sieve, a REY molecular sieve, an HY molecular sieve, a REHY molecular
sieve, a modified Y-type molecular sieve synthesized from kaolin by in-situ
crystallization.

137. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second molecular sieve is an ion-modified super-stabilized molecular sieve
based on the crystal modification of kaolin; based on the weight of the catalytic cracking
catalyst, the content of the ion-modified super-stabilized molecular sieve based on the
crystal modification of kaolin in the catalytic cracking catalyst is preferably 1-10 wt%.
138. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the second clay is one or more of kaolin, montmorillonite, diatomite, halloysite,
metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite; the
first clay is one or more of kaolin, montmorillonite, diatomite, halloysite, metahalloysite,
saponite, rectorite, sepiolite, attapulgite, hydrotalcite and bentonite, the first clay is
preferably one or more of kaolin, sepiolite, attapulgite, rectorite, montmorillonite and
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diatomite.

139. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the phosphorus-aluminum inorganic binder comprises:
(1) an alumina source, a first clay and water are mixed under vigorously stirring and dispersed
into a slurry having a solid content of 8-45 wt%; the alumina source is aluminum hydroxide
and/or alumina that can be peptized by an acid, and the weight ratio of the first clay (dry basis)
to the alumina source as Al2O3 is 0-40:15-40;

(2) a concentrated phosphoric acid is added into the slurry obtained in step (1) under stirring
according to the weight ratio of P/Al=1-6; wherein the concentration of the concentrated
phosphoric acid is, for example, 50-98 wt%;

(3) the slurry obtained in step (2) is reacted at a temperature of 50-99°C for 15-90 minutes.
140. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the phosphorus-aluminum inorganic binder comprises 15-35 wt% of AlO3
derived from the alumina source, 50-75 wt% of P20s, and 0-35 wt% of the first clay on a
dry basis, e.g. 5-30 wt% of the first clay.

141. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the P/Al weight ratio is 2-5.

142. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alumina source is one or more of p-alumina, y-alumina, n-alumina, y-alumina,
k-alumina, §-alumina, 0-alumina, gibbsite, bayerite, nordstrandite, diaspore, boehmite and
pseudo-boehmite.

143. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol has a colloidal particle size of 5 nm-15 nm, an average particle
diameter of 10+2nm, and a degree of concentration of 90% or higher.

144. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol is subjected to the heat treatment, i.e., dried at 100°C for 6 hours
and calcined at 600°C for 2-6 hours, the monoclinic phase and the tetragonal phase
coexist in the resulting product, the ratio of the monoclinic phase to the tetragonal phase
is preferably 0.05-0.6:1; and/or the zirconia sol is subjected to the heat treatment, i.e.,
dried at 100°C for 6 hours and calcined at 800°C for 2-6 hours, ZrO; exists in the
tetragonal phase in the resulting product.

145. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein said stabilizer is one or more of glycolic acid, oxalic acid, acetic acid, malonic
acid, malic acid, tartaric acid, succinic acid, adipic acid, maleic acid, itaconic acid, and
citric acid.

146. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali cation is an ammonium ion or a nitrogen-containing cation formed by
the hydrolysis of a water soluble organic base, the water soluble organic base is for
example one or more of methylamine, dimethylamine, trimethylamine, methanolamine,
dimethanolamine, trimethanolamine, triethylanmine, ethanolamine, diethanolamine,

triethanolamine, N-methylethanolamine, tetramethylammonium hydroxide,
tetraethylammonium hydroxide, tetrapropylammonium hydroxide,
tetraisopropylammonium hydroxide, tetrabutylammonium hydroxide,
monomethyltriethylammonium hydroxide,
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2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide,
monomethyltributylammonium hydroxide, and the like.

147. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the molar ratio of the alkali cation to Zr is 1-8.

148. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol further contains an inorganic acid radical and/or an alcohol, the
molar ratio of the inorganic acid radical and/or the alcohol to Zr is 1-6:1; preferably, the
inorganic acid radical is one or more of sulfate radical, chloride ion, and nitrate radical,
the alcohol is one or more of methanol, ethanol, propanol, and butanol.

149. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the pH value of the zirconia sol is 2-4.

150. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the zirconia sol is prepared from a preparation process comprising the following
steps:

(1) formulating a zirconium source solution, wherein the zirconium source solution has a
concentration of 0.5-20 wt% as ZrOx;

(2) adding a stabilizer to the zirconium source solution to produce a first mixed solution;
wherein the molar ratio of the stabilizer to zirconium is 1-6;

(3) adding an alkali solution to the first mixed solution to produce a zirconia sol at a
temperature between room temperature and 50° C, wherein the alkali solution is used in such
an amount that the pH of the zirconia sol is 1-7.

151. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the modified molecular sieve based on the crystal
modification of kaolin comprises the following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5) Na,O :
ALOs : (4-9) SiOz : (40-100) H>O, wherein the mass ratio of the directing agent to the
metakaolin 1s 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein all silicon
are calculated as silica, and the second silicon source comprises 0.1-10 wt% of the total amount
of the added silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product to produce the molecular sieve based on the crystal modification of kaolin;

(5) ion-exchanging and/or super-stabilizing the obtained molecular sieve based on the crystal
modification of kaolin.

152. The catalytic cracking catalyst according to any of the precedent technical solutions
1-11, wherein said catalytic cracking catalyst contains a composite, wherein the
composite comprises a zirconia sol and a silica-alumina material, based on the total
amount of the composite, on the dry basis, the content of the zirconia sol is 30-80 wt%,
the content of the silica-alumina material is 20-70 wt%.

153. The catalytic cracking catalyst according to any of precedent technical solutions,
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wherein the zirconia sol has a colloidal particle size of 5-15 nm, an average particle
diameter of 8-12 nm, and a degree of concentration of 90% or higher.

154. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the zirconia sol comprises:

(a) mixing a solution containing a zirconium source with an acid to obtain a first mixed
solution;

(b) adding an alkali solution to the first mixed solution to obtain the zirconium sol.

155. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (a), as ZrO», the concentration of the solution containing the zirconium
source is 0.5-20 wt%;

preferably, in step (a), the molar ratio of the solution containing the zirconium source as the Zr
element to the acid is 1:1-6;

Preferably, the mixing conditions in step (a) include: the temperature is 20-90°C, and the time
is 0.5-3 hours;

preferably, the acid in step (a) is an organic acid, more preferably at least one of glycolic acid,
acetic acid, oxalic acid, malonic acid, malic acid, tartaric acid, succinic acid, adipic acid,
maleic acid, itaconic acid and citric acid, further preferably acetic acid and/or citric acid;
preferably, the zirconium source is an inorganic zirconium salt and/or an organic zirconium
salt;

further preferably, the inorganic zirconium salt is at least one of zirconium tetrachloride,
zirconium oxychloride, zirconium acetate, zirconium nitrate, zirconyl nitrate, zirconyl sulphate
and zirconyl carbonate;

further preferably, the organic zirconium salt is at least one of zirconium n-propoxide,
zirconium isopropoxide, zirconium ethoxide and zirconium butoxide.

156. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the alkali solution in step (b) is added in such an amount that the pH value of the
zirconia sol is 1-7, preferably 1.5-5, further preferably 2-3;

preferably, the alkali solution in step (b) is an ammonia water and/or a water soluble organic
base;

further preferably, the water soluble organic base is at least one of methylamine,
dimethylamine, trimethylamine, methanolamine, dimethanolamine, trimethanolamine,
triethylanmine, ethanolamine, diethanolamine, triethanolamine, N-methylethanolamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide, tetrapropylammonium

hydroxide, tetraisopropylammonium  hydroxide,  tetrabutylammonium  hydroxide,
monomethyltriethylammonium hydroxide,
2-hydroxy-N,N-bis(2-hydroxyethyl)-N-methylethan-1-aminium hydroxide and

monomethyltributylammonium hydroxide.

157. The catalytic cracking catalyst according to any of precedent technical solutions,

wherein the silica-alumina material has a composition as the weight ratio of oxides of (0-1)
NaxO ¢ (15-50) ALOs * (85-50) SiOo;

preferably, the silica-alumina material has an average pore size of 10-100 nm, a specific

surface area of 150-600 m2/g, and a pore volume of 0.5-1.5 cm?/g.

158. The catalytic cracking catalyst according to any of precedent technical solutions,

wherein the process for preparing the silica-alumina material comprises:
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(i) mixing a silicon source with an aluminum source to obtain a mixture containing the silicon
source and the aluminum source;

(i1) adding an alkali solution to the mixture containing the silicon source and the aluminum
source to produce a slurry, and then aging the slurry to produce a solid precipitate;

(iii) contacting the solid precipitate with an ammonium salt or an acid to produce a
silica-alumina material.

159. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (i), the molar ratio of the silicon source as SiO> to the aluminum source as
AlLO3 1s 50-85:50-15;

preferably, the mixing conditions in step (i) comprise : the temperature is 20-95°C;

preferably, the silicon source in step (i) is an alkaline silicon source, more preferably one or
more of alkaline silica sol, water glass, sodium silicate, and an alkaline hydrolysis product of
silicon alkoxide;

preferably, in step (i) the aluminum source is an acidic aluminum source, more preferably one
or more of aluminum sulfate, aluminum chloride, alumina sol, and an acidic hydrolysis product
of aluminum alkoxide.

160. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (ii) the alkali solution is added in such an amount that the pH value of the
slurry is 8-10.5;

preferably, in step (ii), the aging conditions comprise: the temperature is 50-95°C, the time is
1-10 hours;

preferably, in step (ii) the alkali solution is at least one of ammonia water, sodium hydroxide
solution, potassium hydroxide solution and sodium metalluminate solution.

161. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (iii), the mode of contacting the solid precipitate with the ammonium salt
is to mix the solid precipitate with the ammonium salt and water to perform the
ammonium exchanging;

preferably, the weight ratio of the solid precipitate (on the dry basis):ammonium salt:water is 1 :
0.05-0.1 : 5-30;

preferably, the ammonium exchanging condition is such one that the sodium content of the
silica-alumina material is below 1 wt%;

further preferably, the ammonium exchanging conditions comprise: the temperature is
20-100°C, the exchanging number is 1-3 times, the time for each exchanging is 0.5-1 hours;
preferably, the ammonium salt is at least one of ammonium chloride, ammonium sulfate,
ammonium nitrate, ammonium carbonate and ammonium bicarbonate.

162. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (iii), the mode of contacting the solid precipitate with the acid is to mix
the solid precipitate with the acid and water to perform the acid treatment;

preferably, the weight ratio of the solid precipitate (on the dry basis):acid:water is 1 : 0.03-0.3 :
5-30;

preferably, the acid treatment condition is such one that the sodium content of the
silica-alumina material is below 1 wt%;

Further preferably, the acid treatment condition comprises: the temperature is 20-100°C, the
time is at least 0.5 hour, more preferably 1-3 hours;
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preferably, the acid is at least one of sulfuric acid, hydrochloric acid and nitric acid.

163. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the catalyst comprises a molecular sieve, an alumina-based binder, a clay and the
aforementioned composite, based on the total amount of the catalyst, the content of the
molecular sieve is 10-70 wt%, the content of the alumina-based binder is 5-30 wt%, the
content of the clay is 10-70 wt%, the content of the composite is 6-50 wt%;

the molecular sieve comprises a first molecular sieve and an optional second molecular sieve,
based on the total amount of the molecular sieve, the content of the first molecular sieve is
70-100 wt%, the content of the second molecular sieve is 0-30 wt%;

the first molecular sieve is a Y-type molecular sieve, wherein the content of the rare earth
element in the Y-type molecular sieve is 0-20 wt%; the second molecular sieve is a pentasil
molecular sieve.

164. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the Y-type molecular sieve is at least one of an HY molecular sieve, a REY
molecular sieve, a molecular sieve based on the crystal modification of kaolin, a REHY
molecular sieve, a USY molecular sieve, a REUSY molecular sieve, a DASY molecular
sieve and a REDASY molecular sieve;

preferably, the first molecular sieve is a REY molecular sieve and/or a rare earth
element-modified molecular sieve based on the crystal modification of kaolin;

further preferably, the content of the rare earth element in the molecular sieve based on the
crystal modification of kaolin is 10-20 wt%;

preferably, the rare earth element is at least one of La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho,
Er, Tm, Yb and Lu, more preferably La.

165. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein for the molecular sieve based on the crystal modification of kaolin, the ratio of
the crystallinity by the peak height method to the crystallinity by the peak area method is
0.76-0.89;

preferably, for the molecular sieve based on the crystal modification of kaolin, the ratio of the
silica-alumina ratio obtained from the calculation with the unit cell constant to the
silica-alumina ratio measured with the chemical method is 0.87-0.93;

preferably, the molecular sieve based on the crystal modification of kaolin has a proportion of
macropores and mesopores of 10-20%.

166. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the process for preparing the molecular sieve based on the crystal modification of
kaolin comprises:

(1) calcining kaolin to produce metakaolin, and then mixing the metakaolin with a sodium
silicate solution, a directing agent and an alkali solution to produce a mixed slurry;

(2) subjecting the mixed slurry to a first crystallization, mixing a solid silica gel, and then
subjecting to a second crystallization and drying to produce a molecular sieve based on the
crystal modification of kaolin.

167. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (1), said calcining conditions comprise: the temperature is 500-900°C, and
the time is 1-10 hours;

preferably, in step (1), the mass ratio of the directing agent to metakaolin is 0.01-1.
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168. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein in step (2), the conditions for the first crystallization comprise : the temperature
1s 88-98°C, the time is 1-70 hours;

preferably, in step (2) the mass ratio of the solid silica gel to metakaolin is 0.01-1;

preferably, in step (2) the conditions for the second crystallization comprise : the temperature is
88-98°C, the time is 1-20 hours.

169. The catalytic cracking catalyst according to any of precedent technical solutions,
wherein the pentasil molecular sieve is at least one of BEA-type molecular sieve,
MFI-type molecular sieve and mordenite-type molecular sieve, more preferably BEA-type
molecular sieve and/or MFI-type molecular sieve;

preferably, the MFI-type molecular sieve is at least one of rare earth-containing MFI-type
molecular sieve, phosphorus-containing MFI-type molecular sieve and Fe-containing MFI-type
molecular sieve;

preferably, the mordenite-type molecular sieve is high silica mordenite-type molecular sieve
and/or low silica mordenite-type molecular sieve.

170. The catalytic cracking catalyst according to any of the precedent technical solutions,
wherein the alumina-based binder is at least one of alumina sol, acidified
pseudo-boehmite and metal-modified pseudo-boehmite;

preferably, the clay is one or more of kaolin, giagerite, montmorillonite, diatomite,
metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite, and bentonite.

Examples

The present invention will be described in detail below by way of examples. In the following
examples, all raw materials used can be obtained from commercial sources unless otherwise
specified.

The raw materials used in the catalyst preparation examples are as follows:

DASY molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the Na;O content of
1.02 wt%, the rare earth content (as RE203) of 2.3 wt%, and the silica-alumina ratio
(Si02/Al,03 molar ratio) of 10.4;

REY molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the rare earth content
(as RE203) of 16-17.6 wt%;

SOY-8 molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the rare earth content
(as RE203) of 8 wt%;

ZRP-1 molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the P2Os content of 5
wt%;

ZSP-3 molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the P>Os content of
3.02 wt%, the (SiO2/Al,03) ratio of 45, and the Na,O content of 0.02 wt%;

B molecular sieve: a product of Sinopec Catalyst Qilu Branch, with the silica-alumina ratio
(Si02:Al203 molar ratio) of 25;Ammonia water: Sinopharm, analytically pure, 28 wt%;
Zirconium oxychloride octohydrate: commercially available from Aldrich company,
analytically pure, 98.5%;

Glacial acetic acid: Sinopharm, analytically pure, 99 wt%;

Oxalic acid: Sinopharm, analytically pure, 99 wt%;

Acetic acid: Sinopharm, analytically pure, 99 wt%;

Kaolin: solid content 75 wt%, produced by China Kaolin Clay Co. Ltd. (Suzhou);

53



10

15

20

25

30

35

40

Aluminum sulfate: Sinopharm, analytically pure, 99%;

Alumina sol: a product from SINOPEC Catalyst Co., Ltd. QILU Division, having a solid

content of 23-25 wt%;

Pseudo-boehmite: a product from Aluminum Corporation of China Limited, Shandong

Division, having a solid content of 65-75 wt%;

Sodium hydroxide: Sinopharm, analytically pure, 99 wt%;

Triethanolamine: Sinopharm, analytically pure, 99 wt%;

Water glass: Qilu Catalyst Branch, SiO: 250g/L;

Hydrochloric acid: Sinopharm, analytically pure, 36 wt%;

Zirconium oxychloride: commercially available from Aldrich company, analytically pure,

content: 98.5 wt%;

Zirconium isopropoxide: Sinopharm, analytically pure, 99 wt%;

The specific surface area: measured with the nitrogen adsorption method (GB/T5816-1995);

the pore volume: measured with the nitrogen adsorption method (RIPP151-90), and the pores

with a pore diameter greater than 0.8nm were defined as mesopores and macropores, and the

equation for the proportion of mesopores and macropores: (Viotal pores-Vmicropores)/ Viotal

poresX 100%.

The contents of elements in catalysts and molecular sieves were determined by XRF, and the

specific surface area and the pore volume were determined by low-temperature nitrogen

adsorption-desorption method.

Unit cell constant a0 was determined according to the RIPP145-90 standard method. The

framework silica-alumina ratio was calculated from the unit cell constant a0 (angstroms)

according to the following formula: SiO2/Al,O3(molar ratio)=2x(25.858-a0)/(a0-24.191).

The content of NaY zeolite in the composite in the examples was measured according to the

RIPP146-90 standard method (for the RIPP standard method, see "Petrochemical Analysis

Method (RIPP Test Method)", edited by Yang Cuiding et al., Science Press, published in 1990,

the same below).

The wear index of the catalyst was determined by the RIPP28-90 and RIPP29-90 methods in

"Petrochemical Analysis Methods, RIPP Test Method" (edited by Yang Cuiding, Science Press,

published in 1990).

Average size of the crystal grains: 50 crystal grains were randomly sampled to measure their

sizes and arithmetically averaged.

Preparation of directing agent

250 kg of sodium silicate solution (containing 20.05 wt% of SiO; and 6.41 wt% of Na,O) was

slowly added to 120 kg of sodium metaaluminate solution (containing 3.15 wt% of Al,O3 and

21.1 wt% of Naz0) under rapid stirring at 30°C. The mixture was stirred for 1 hour, and aged

at 20°C for 48 hours to produce a directing agent. The directing agent had a composition of

16Na20:Al>03:15510,:320H,0.

Preparation of molecular sieve based on the crystal modification of kaolinZeolite material

A

To 100 kg of pulverized metakaolin powder were added under stirring 400 kg of sodium

silicate solution (containing 20.05 wt% of SiO, and 6.41 wt% of Na,O), 60 kg of directing

agent and 100 kg of sodium hydroxide solution having a concentration of 5 wt%. The mixture

was heated up to 95°C and stirred at a constant temperature. After 8 hours, 10 kg of solid silica
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gel (Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory, Type A) was
added, and the resulting mixture was recrystallized for 12 hours. The stirring speed was 400
rpm during the addition and the crystallization. After the crystallization was completed, the
product in the crystallization tank was quenched, filtered, washed with water until the pH value
of the washing solution was less than 10, and dried at 120° C for 2 hours to produce the zeolite
material A.
The zeolite material A was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1.
Zeolite material B
To 100 kg of pulverized metakaolin powder were added under stirring 380 kg of sodium
silicate solution (containing 20.05 wt% of SiO, and 6.41 wt% of Na,O), 60 kg of directing
agent and 100 kg of sodium hydroxide solution having a concentration of 5 wt%. The mixture
was heated up to 93°C and stirred at a constant temperature. After 8 hours, 15 kg of solid silica
gel (Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory, Type A) was
added, and the resulting mixture was recrystallized for 14 hours. The stirring speed was 400
rpm during the addition and the crystallization. After the crystallization was completed, the
product in the crystallization tank was quenched, filtered, washed with water until the pH value
of the washing solution was less than 10, and dried at 120° C for 2 hours to produce the zeolite
material B.
The zeolite material B was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1.
Zeolite material C
To 100 kg of pulverized metakaolin powder were added under stirring 360 kg of sodium
silicate solution (containing 20.05 wt% of SiO; and 6.41 wt% of Na2O), 60 kg of directing
agent and 100 kg of sodium hydroxide solution having a concentration of 5 wt%. The mixture
was heated up to 95°C and stirred at a constant temperature. After 8 hours, 20 kg of solid silica
gel (Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory, Type A) was
added, and the resulting mixture was recrystallized for 16 hours. The stirring speed was 400
rpm during the addition and the crystallization. After the crystallization was completed, the
product in the crystallization tank was quenched, filtered, washed with water until the pH value
of the washing solution was less than 10, and dried at 120° C for 2 hours to produce the zeolite
material C.
The zeolite material C was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
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silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1.
Zeolite material D (Comparative)
This comparative example illustrated a case where two silicon sources were added to the
reaction system at the same time.
To 100 kg of pulverized metakaolin powder were added under stirring 400 kg of sodium
silicate solution (containing 20.05 wt% of SiO; and 6.41 wt% of Na2O), 60 kg of directing
agent, 105 kg of sodium hydroxide solution having a concentration of 5 wt%, and 10 kg of
solid silica gel (Qingdao Ocean Chemical Engineering Group Special Silica Gel Factory, Type
A). The mixture was heated up to 94°C and stirred at a constant temperature. The resulting
mixture was crystallized for 24 hours. The stirring speed was 400 rpm during the addition and
the crystallization. After the crystallization was completed, the product in the crystallization
tank was quenched, filtered, washed with water until the pH value of the washing solution was
less than 10, and dried at 120° C for 2 hours to produce the zeolite material D.
The zeolite material D was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1. The zeolite material D had low crystallinity
and contained impurity crystals.
Zeolite material E (Comparative)
This comparative example illustrated a case where no second silicon source was added.
To 100 kg of pulverized metakaolin powder were added under stirring 400 kg of sodium
silicate solution (containing 20.05 wt% of SiO; and 6.41 wt% of Na,O), 60 kg of directing
agent, and 100 kg of sodium hydroxide solution having a concentration of 5 wt%. The mixture
was heated up to 94°C and stirred at a constant temperature. The resulting mixture was
crystallized for 24 hours. The stirring speed was 400 rpm during the addition and the
crystallization. After the crystallization was completed, the product in the crystallization tank
was quenched, filtered, washed with water until the pH value of the washing solution was less
than 10, and dried at 120° C for 2 hours to produce the zeolite material E.
The zeolite material E was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1. The crystallinity of the zeolite material E
was not bad, but its silica-alumina ratio was relatively low.
Zeolite material F (Comparative)
This comparative example illustrated the NaY molecular sieve prepared according to the
method of CN101468803A.
189mL of deionized water, 86.6g of directing agent, 130mL of aluminum sulfate solution (a
product of Changling Oil Refinery Chemical Plant Catalyst Factory, specific gravity=1.28,
AL O3 content=88.2g/L) and 100mL of sodium metaaluminate solution (a product of Changling
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Oil Refinery Chemical Plant Catalyst Factory, specific gravity=1.23, Al,Os content=102g/L,
NazO content=151.9g/L) were added to 401 mL of sodium silicate. The mixture was stirred
vigorously for 30 minutes, and stood at 100°C for 33 hours to crystallize. The obtained product
was recovered and denoted as zeolite material F.

The zeolite material F was measured with an X-ray diffraction method. The crystallinity by the
peak height method, the ratio of the crystallinity by the peak height method to the crystallinity
by the peak area method (the K1 value), the silica-alumina ratio measured with the unit cell
constant a0, the ratio of the silica-alumina ratio measured with the unit cell constant a0 to the
silica-alumina ratio measured with the chemical method (the K2 value), the proportion of
mesopores and macropores were shown in Table 1.

Table 1

Crystallinity Unit cell | Framework Proportion of
(peak  height | K1 constant a0, | silica-alumina K2 mesopores  and
method) angstrom ratio macropores, %

Zeolite
material

78.9 0.880 | 24.65 5.27 0.886 | 20

79.6 0.860 | 24.64 543 0.880 | 20

81.9 0.868 | 24.64 543 0.889 | 15

40.8 0.758 | 24.64 543 0.896 | 20

77.8 0.855 | 24.69 4.68 0.985 | 15

o g Q| w| >

88.1 0.926 | 24.66 5.11 0.937 | 10
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Silica-alumina material

Silica-alumina material A

A water glass solution (SiO, concentration=250 g/L) was added dropwise to an aluminum
sulfate solution (the aluminum sulfate solution had a concentration of 90 g/L as AlLOs)
according to the weight ratio of SiO,:ALOs=75:25 at room temperature (25°C) under stirring.
After the completion of addition, a sodium hydroxide solution (concentration=300 g/L.) was
added until the pH value of the slurry was 10. Then the slurry was aged at 50°C for 6 hours.
The obtained solid precipitate was dried at 120°C for 6 hours, then washed with an ammonium
chloride solution (concentration=50 g/L), and filtered to produce the silica-alumina material A
with a sodium content of less than 1%. Its elemental analysis showed a chemical weight
composition of 0.2 Na;O * 25 ALOs * 74.8 SiO»; a specific surface area of 324 m2/g, a pore
volume of 1.26 cm?/g, and a proportion of the pore volume of the pores having a pore diameter
of greater than 10 nm to the total pore volume of 82%. In the material, the pseudo-boehmite
crystal grains had an average size of 2.2 nm and a most probable pore size of 33.2 nm.
Silica-alumina material B

A water glass solution (SiO, concentration=250 g/L) was added dropwise to an aluminum
sulfate solution (the aluminum sulfate solution had a concentration of 90 g/l as ALO;)
according to the weight ratio of Si0,:A1,05=60:30 at 50°C under stirring. After the completion
of addition, a sodium hydroxide solution (concentration=300 g/L) was added until the pH value
of the slurry was 9.5. Then the slurry was aged at 70°C for 8 hours. The obtained solid
precipitate was dried at 120°C for 6 hours, then washed with an ammonium chloride solution,
and filtered to produce the silica-alumina material B with a sodium content of below 1 wt%. Its

elemental analysis showed a chemical weight composition of 0.1 Na,O * 25.2 A1,O3 * 59.7 SiOy;
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a specific surface area of 331 m2/g, a pore volume of 1.30 cm®/g, and a proportion of the pore
volume of the pores having a pore diameter of greater than 10 nm to the total pore volume of
75%. In the material, the pseudo-boehmite crystal grains had an average size of 2.8 nm and a
most probable pore size of 26.4 nm.

Silica-alumina material C (Comparative)

(1) An Al2(SO4)3 solution with a concentration of 90g Al,O3 /L and a NaAlO2 solution with a
concentration of 102g Al,O3/L and a caustic ratio of 2.5, used as reaction raw materials, were
mixed under vigorous stirring and gelatinized in a co-current gelatinizing mode. The
temperature of the system was controlled at 40°C, the pH value of the system was controlled to
9.0, and the gelatinized slurry was collected; (2) water glass with a concentration of 60g SiO»
/L to the gelatinized slurry according to the weight ratio of SiO2:Al,03=1:2 under stirring, and
the resulting mixture was heated up to 60°C and aged for 3 hours to produce a first solid
precipitate; (3) NH4Cl and deionized water were added to the first solid precipitate according
to the weight ratio of the precipitate (dry basis):ammonium salt:H>O=1:0.5:12, the precipitate
was ion-exchanged at 60°C to remove sodium ions, the ion-exchanging was repeated once,
each ion-exchanging for 0.5 hours, unitl the sodium oxide content was below 0.3%, and a
second solid precipitate was obtained; (4) Then the second solid precipitate was vigorously
mixed and stirred with water according to the weight ratio of the precipitate (dry
basis):H>0=1:8, and then phosphoric acid and magnesium nitrate were added according to the
weight ratio of P2Os:MgO:the material (dry basis)=0.033:0.022:1. The resulting mixture was
react at 80°C for 1 hour, filtered, washed with water, then dried at 120°C for 10 hours to
produce the silica-alumina material C, which had a pseudo-boehmite structure. Its elemental
analysis showed a chemical composition of 0.12 Na;O ¢ 65.1 A1bO3 * 28.2 SiO2 « 3.2 P05
2.1 MgO; a specific surface area of 391 m2/g, a pore volume of 0.97 cm?/g, and an average
pore size of 9.9 nm.

Silica-alumina material D (Comparative)

(1) An Al2(S04)3 solution with a concentration of 90g Al,O3 /L and an ammonia water with a
concentration of 25 wt%, used as reaction raw materials, were mixed under vigorous stirring
and gelatinized in a co-current gelatinizing mode. The temperature of the system was
controlled at 40°C, the pH value of the system was controlled to 9.5, and the gelatinized slurry
was collected; (2) water glass with a concentration of 102g SiO; /L to the gelatinized slurry
according to the weight ratio of Si02:Al203=1:2.6 under stirring, and the resulting mixture was
heated up to 70°C and aged for 2 hours to produce a first solid precipitate; (3) NH4Cl and
deionized water were added to the first solid precipitate according to the weight ratio of the
precipitate (dry basis):ammonium salt:H,O0=1:0.8:15, the precipitate was ion-exchanged at
60°C to remove sodium ions unitl the sodium oxide content was below 0.3%, and a second
solid precipitate was obtained; (4) Then the second solid precipitate was vigorously mixed and
stirred with water, and then mixed with phosphoric acid according to the weight ratio of
P>Os:the second solid precipitate (the dry basis of the precipitate)=0.05:1. The resulting
mixture was heated up to 60°C and stirred for 1 hour, filtered, and then dried at 120°C for 10
hours to produce the silica-alumina material D, which had a pseudo-boehmite structure. Its
elemental analysis showed a chemical composition of 0.12 Na2O ¢ 62.5 Al,03 « 31.7 SiO2 « 5.0
P,0s; a specific surface area of 413 m2/g, a pore volume of 0.97 cm?/g, and an average pore
size of 9.4 nm.
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Zirconia sol

Zirconia sol A

To a beaker were added 130g of deionized water and then 125g of zirconium oxychloride. The
mixture was stirred for 10 minutes. 93g of acetic acid was added, and the mixture was stirred
30 minutes to obtain a mixed solution. Then to the mixed solution was slowly added ammonia
water with a peristaltic pump, and the pump speed (i.e., the addition rate of ammonia water)
was controlled at 5 mL/min, and the pH value of the obtained product was controlled to be 2.5
to produce a clear and transparent zirconia sol A.

Based on the TEM image of the zirconium sol A prepared in the present invention, the
obtained zirconium sol had a colloidal particle size of 5-15 nm, an average particle diameter of
about 10 nm, and a degree of concentration of 90% or higher.

Zirconia sol B

To a beaker were added 130g of deionized water and then 125g of zirconium oxychloride. The
mixture was stirred for 10 minutes. 70g of oxalic acid was added, and the mixture was stirred
30 minutes to obtain a mixed solution. Then to the mixed solution was slowly added ammonia
water with a peristaltic pump, and the pump speed was controlled at 5 mL/min of ammonia
water, and the pH value was controlled to be 2.5 to produce a clear and transparent zirconia sol
B.

Zirconia sol C

To a beaker were added 170g of deionized water and then 176g of zirconium isopropoxide.
The mixture was stirred for 10 minutes. 70g of oxalic acid was added, and the mixture was
stirred 30 minutes to obtain a mixed solution. Then to the mixed solution was slowly added
triethanolamine with a peristaltic pump, and the pump speed was controlled at 5 mL/min, and
the pH value was controlled to be 2.5 to produce a clear and transparent zirconia sol C.
Zirconia sol D (Comparative)

To a beaker were added 130g of deionized water and then 125g of zirconium oxychloride. The
mixture was stirred for 10 minutes. Then to the above solution was slowly added ammonia
water with a peristaltic pump, and the pump speed was controlled at 5 mL/min to form a
precipitate suspension, pH=1.2, denoted as zirconia sol D.

Zirconia sol E (Comparative)

To a beaker were added 35.38g of ZrOCl,-8H20, and then 9.77g of a sodium hydroxide
solution with a concentration of 45 wt% according to the molar ratio of Zr to sodium hydroxide
of 1:1. Then the mixture was stirred at 60°C for 60 minutes to obtain a first contact material
after the reaction. Then 19.41g of hydrochloric acid with a concentration of 31 wt% was added
at 40°C according to the ratio of Zr:H'=1:1.5. Then the mixture was stirred at 40°C for 60
minutes to obtain a second contact material. Then 19.41g of hydrochloric acid with a
concentration of 31 wt% was added to the second contact material at 40°C according to the
ratio of Zr:H'=1:1.5. Then the mixture was stirred at 40°C for 60 minutes to obtain the zirconia
sol E.

Zirconia sol F (Comparative)

Zirconia sol D was prepared according to the above-mentioned preparation method. Then
zirconia sol D was dried at 120°C for 12 hours, and then calcined at 600°C for 4 hours to
obtain zirconia powder F (for the terminology harmonization, also known as zirconia sol F
herein).
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The properties of zirconia sols A-E were shown in the table below.

Zirconia sol No. A B C D E
ZrOa, wt% 10.8 [11.9 |11.3 | 134|163
pH value 25 |25 2.5 1.2 |25
Molar ratio of alkali cation to Zr 2 1.67 1.74 1 0.6 |1
Molar ratio of stabilizer to Zr 4 4 4 0 0
Average particle diameter, nm 10 9.8 9.7

Colloidal particle size, nm 8-10 | 8-10 | 8-10

Degree of concentration, % 95 93 92

Ratio of monoclinic phase to tetragonal phasee | 0.4:1 | 0.35:1 | 0.3:1

*Sample was dried at 100°C for 6 hours and calcined at 600°C for 4 hours.
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Catalyst preparation

Example 1

(1) Preparation of rare earth-modified molecular sieve based on the crystal modification of
kaolin: Zeolite material A and deionized water were mixed under vigorously stirring to
produce a molecular sieve slurry having a solid content of 10 wt%; lanthanum chloride and
water were mixed under vigorously stirring to form a lanthanum chloride solution having an
La203 concentration of 5 wt%; the lanthanum chloride solution was added to the molecular
sieve slurry, wherein the weight ratio of lanthanum chloride (as La203) to molecular sieve (on
the dry basis) was 1:6; the mixture was stirred at 70°C for 1 hour, filtered, washed, dried at
150°C for 8 hours, and calcined at 500°C for 4 hours to produce a rare earth-modified
molecular sieve based on the crystal modification of kaolin (also referred to as "rare
earth-modified molecular sieve" herein).

(2) Catalyst preparation: The catalyst formula was shown in the table below, the formula
composition in the table was calculated on the dry basis, and the rare earth content in the rare
earth-modified molecular sieve was calculated as RE2Os. Firstly kaolin and water were mixed
under vigorously stirring to produce a kaolin slurry having a solid content of 20 wt%; the rare
earth-modified molecular sieve and water were mixed under vigorously stirring, and dispersed
with homogenizer to produce a rare earth-modified molecular sieve slurry, having a slurry solid
content of 35 wt%; the kaolin slurry and the rare earth-modified molecular sieve slurry were
mixed under stirring, and then an acidified pseudo-boehmite having a solid content of 10 wt%
(wherein for the acidified pseudo-boehmite, the molar ratio of HCl to pseudo-boehmite as
Al20Os was 0.2) was added, the mixture was stirred for 10 minutes, finally an alumina sol was
added, the mixture was stirred for 30 minutes to produce a catalyst slurry. The catalyst slurry
was spray-dried to produce catalyst microspheres. The resulting catalyst microspheres were
calcined at 500°C for 2 hours, and then washed with an ammonium sulfate solution having an
ammonium sulfate concentration of 2 wt% (the weight ratio of ammonium sulfate solution to
catalyst microsphere (dry basis) was 10:1) to produce a catalytic cracking catalyst C1.
Examples 2-6

Catalysts C2-C6 were prepared according to the procedure of Example 1 by adjusting the
weight ratio of lanthanum chloride (as La203) to the molecular sieve (on the dry basis), or
performing multiple times to produce rare earth-modified molecular sieves. The zeolite
materials used and the rare earth content in the obtained rare earth-modified molecular sieve
were shown in the table below. The ZSP-3 molecular sieve and water were mixed under
vigorously stirring to form a ZSP-3 molecular sieve slurry having a solid content of 35 wt%,
and the kaolin slurry and the rare earth-modified molecular sieve slurry were mixed, and then
the acidified pseudo-boehmite was added, the mixture was stirred for 10 minutes, an alumina
sol was added, the mixture was stirred for 30 minutes, spray-dried, and calcined and washed.
Catalyst formulae were shown in the table below.

Comparative Examples 1-4

Catalysts D1 to D4 of Comparative Examples 1 to 4 were prepared according to the procedure
of Example 1. Catalyst formulae were shown in the table below. In the catalysts of
Comparative Examples 2 to 4, the content of the rare earth-modified molecular sieve, the rare
earth content in the rare earth-modified molecular sieve and the Na;O content in the rare
earth-modified molecular sieve respectively corresponded to the percentage content in the
catalyst of the rare earth-modified molecular sieve obtained after each of zeolite materials D to
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F was subjected to the rare earth-exchanging, the rare earth content and the sodium oxide
content in the corresponding rare earth-modified molecular sieve.

Kaol |  Rareearth-modified | RE | zsp | A94fed | imi
. . pseudo-boeh
in molecular sieve Y -3 i na sol
mite
Catal Rare | Naz
yst Zeolit earth | O
No. t t t t
© wt% © Wh | conte | conte | W wt% wt% wt%
mater | % nt nt %
ial (Wt% | (Wt%
) )

1| Cl 30 A 35 12 0.93 0 25 10

21 C2 30 A 28 16 0.91 7 25 10

Examole 31 C3 30 A 20 18 0.88 15 25 10

xamp 4| C4 30 B 15 20 0.86 20 25 10

5| C5 50 C 20 18 0.89 5 20 5

6| C6 25 A 40 10 1.05 5 15 15

C 1| D1 30 20 15 25 10

Otrinpara 2 D2 [ 30 | D |20 12 | 1.08 15 25 10

Ve 3| D3 30 E 20 18 1.28 15 25 10
Example

4| D4 30 F 20 18 1.5 15 25 10

Example 7

(1) Preparation of rare earth-modified molecular sieve based on the crystal modification of
kaolin: it was carried out in a manner similar to that of Example 1.

(2) Catalyst preparation: The catalyst formula was shown in the table below, the formula
composition in the table was calculated on the dry basis, and the rare earth content in the rare
earth-modified molecular sieve was calculated as RE>Os. Firstly kaolin and water were mixed
under vigorously stirring to produce a kaolin slurry having a solid content of 20 wt%; the rare
earth-modified molecular sieve and water were mixed under vigorously stirring, and dispersed
with homogenizer to produce a rare earth-modified molecular sieve slurry, having a slurry solid
content of 35 wt%; the kaolin slurry and the rare earth-modified molecular sieve slurry were
mixed under stirring, and then a silica-alumina material was added, and then an acidified
pseudo-boehmite having a solid content of 10 wt% (wherein for the acidified pseudo-boehmite,
the molar ratio of HCI to pseudo-boehmite as Al,O3 was 0.2) was added, the mixture was
stirred for 10 minutes, finally an alumina sol was added, the mixture was stirred for 30 minutes
to produce a catalyst slurry. The catalyst slurry was spray-dried to produce catalyst
microspheres. The resulting catalyst microspheres were calcined at 500°C for 2 hours, and then
washed with an ammonium sulfate solution having an ammonium sulfate concentration of 2
wt% (the weight ratio of ammonium sulfate solution to catalyst microsphere (dry basis) was
10:1) to produce a catalytic cracking catalyst C7.

Examples 8-12 and Comparative Examples 5-10

According to the preparation methods of Examples 2-6 and Comparative Examples 1-4,
catalysts C8-C12 and D5-D10 of Examples 8-12 and Comparative Examples 5-10 were
prepared, and the catalyst formulae were shown in the table below.
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tal
Cata Ze. Rare 20
yst olit
No wt |e w |earth |[co |w |w
' % | mat t |conte |nte |t |t | wt% wt% | wt%
° eria % | nt(wt |nt | % | %
) %) (wt
%)
7|C7 30 | A 3 12 (3)'9 0 |25 A |5 10
2 .
8| C8 30 | B 5 15 (2)9 5 120 B 10 10
2 0.8 1
9C9 30 | C 18 15 A |15 10
Exam 0 8 0
1 .
Ple e 30l [2]15 |9 5 110 B |20 10
0 5 1
1 2 0.8
: Cl1 40 | C 0 18 9 5 120 A |10 5
1 3 1.0
) Cl12 (20 | A 5 10 5 5 125 B 5 10
2
5| D5 40 0 5 130 5
2
6 | D6 40 0 5120 A |10 5
Com 2 1.0
parati | 7 | D7 40 | D 0 18 8. 5120 A |10 5
Ve 2 12
Exam | 8 | D8 40 | E 0 18 g 5 120 A |10 5
ple 7
9| D9 40 0 5 120 C 10 5
1 2 1.2
D10 |40 | E 18 5120 D 10 5
0 0 8

Examples 13-18 and Comparative Examples 11-14

Catalysts were prepared according to the following method, and the catalyst formulaec were

shown in the table below.

Firstly kaolin and water were mixed under vigorously stirring to produce a kaolin slurry having
a solid content of 20 wt%; each of the DASY molecular sieve and the ZSP-3 molecular sieve
and water were mixed under vigorously stirring, and dispersed with homogenizer to produce a
DASY molecular sieve slurry having a slurry solid content of 35 wt% and a ZSP-3 molecular
sieve slurry having a slurry solid content of 35 wt% respectively; the kaolin slurry and the
molecular sieve slurries were mixed under stirring, and then an acidified pseudo-boehmite
having a solid content of 10 wt% (wherein the molar ratio of HCI to pseudo-boehmite as Al.O3
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was 0.2) was added, the mixture was stirred for 10 minutes to produce a first mixed slurry. The
zirconia sol and the alumina sol were mixed, and then added to the above first mixed slurry, the
mixture was stirred for 30 minutes to produce a catalyst slurry. The catalyst slurry was
spray-dried to produce catalyst microspheres. The resulting catalyst microspheres were
calcined at 500°C for 2 hours to produce a catalytic cracking catalyst.

Kaol | ZSP | DAS | Acidified Alumina | Zirconia
Catalyst | in -3 Y pseudo-boehmite sol sol
No. N t
© wt% | wt% | wt% | wt% wt% © ?;/
0
1
Example 3 C13 30 8 22 25 10 A |5
1
Example 4 Cl4 30 4 26 20 10 B |10
Example ; C15 30 0 30 15 10 Cc |15
Example é Cl6 30 8 22 15 5 A |20
1
Example 7 C17 50 5 20 15 5 B |5
Example glg C18 20 5 35 15 15 Cc |10
Comparat |
ive : D11 50 5 20 15 10
Example
Comparat 1
ive ’ D12 50 5 20 15 5 D |5
Example
Comparat |
ive 3 D13 50 5 20 15 5 E |5
Example
Comparat 1
ive 4 D14 50 5 20 15 5 F |5
Example
Example 19

(1) Preparation of rare earth-modified molecular sieve based on the crystal modification of
kaolin: Zeolite material A and deionized water were mixed under vigorously stirring to
produce a molecular sieve slurry having a solid content of 10 wt%; lanthanum chloride and
water were mixed under vigorously stirring to form a lanthanum chloride solution having an
La203 concentration of 5 wt%; the lanthanum chloride solution was added to the molecular
sieve slurry, wherein the weight ratio of lanthanum chloride (as La203) to molecular sieve (on
the dry basis) was 1:6; the mixture was stirred at 70°C for 1 hour, filtered, washed, dried at
150°C for 8 hours, and calcined at 500°C for 4 hours. The catalyst was again washed with
ammonium sulfate in an amount of 5% of the catalyst (on a dry basis) to finally produce a rare
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earth-modified molecular sieve based on the crystal modification of kaolin having the sodium
oxide content of less than 2%.

(2) Catalyst preparation: The catalyst formula was shown in the table below, the formula
composition in the table was calculated on the dry basis, and the rare earth content in the rare
earth-modified molecular sieve was calculated as RE2Os. Firstly kaolin and water were mixed
under vigorously stirring to produce a kaolin slurry having a solid content of 20 wt%; the rare
earth-modified molecular sieve and water were mixed under vigorously stirring, and dispersed
with homogenizer to produce a rare earth-modified molecular sieve slurry having a slurry solid
content of 35 wt%; the kaolin slurry and the rare earth-modified molecular sieve slurry were
mixed under stirring, and then an acidified pseudo-boehmite having a solid content of 10 wt%
(wherein for the acidified pseudo-boehmite, the molar ratio of HCI to pseudo-boehmite as
Al2O3; was 0.2) was added, the mixture was stirred for 10 minutes, finally a mixture of the
alumina sol and the zirconia sol was added, the mixture was stirred for 30 minutes to produce a
catalyst slurry. The catalyst slurry was spray-dried to produce catalyst microspheres. The
resulting catalyst microspheres were calcined at 500°C for 2 hours, and then exchanged and
washed with an ammonium sulfate solution having an ammonium sulfate concentration of 2
wt% (the mass ratio of ammonium sulfate solution to catalyst microsphere (dry basis) was
10:1), and dried to produce a catalytic cracking catalyst C19.

Examples 20-24

Catalysts were prepared according to the method of Example 19, and the catalyst formulae
were shown in the table below. The ZRP-1 molecular sieve and water were mixed under
vigorously stirring to form a ZRP-1 molecular sieve slurry having a solid content of 35 wt%,
mixed with the kaolin slurry and the slurry of the modified molecular sieve based on the crystal
modification of kaolin, and then the acidified pseudo-boehmite was added, the mixture was
stirred for 10 minutes, the alumina sol and the zirconia sol were added, and the mixture was
stirred for 30 minutes, spray-dried, calcined, washed and dried.

Comparative Example 15

Catalyst D15 was prepared according to the method of Example 19, and the catalyst formula
was shown in the table below.

Ke.l Rare earth-modified | ZR Acidified . | Alumi | Zirconi
oli . pseudo-boehmi
molecular sieve P-1 nasol | asol
n te
Cataly Rare
t No. h
Lo wt | Zeolite | wt :?)l;ltten wt i Wi N | wt
% material | % ¢ % ° ° o. | %
(wt%)

; C19 30 | A 30| 12 0 25 10 A |5
Examp )\ 21 0 130 | B 25| 14 5 |25 5 B |10
le 0

f C21 30 | C 21 | 18 9 20 10 C |10
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jczz 30 |B 25 | 14 5 |15 5 B |20
2
€23 |50 |cC 20 | 18 5 |15 5 Als
2
L |24 |20 |a 3510 5 |20 10 c |10
Compa
rative 1o 5o | B 20 5 |15 5 D |5
Examp | 5
le

Examples 25-29 and Comparative Examples 16-21

Catalysts were prepared according to the following method, and the catalyst formulae were
shown in the table below.

(1) Preparation of the acidic silica sol: 25 g of water glass was diluted with 75 g of water, the
mixture was stirred for 10 minutes, 5 g of hydrochloric acid was quickly added, the mixture
was stirred for 10 minutes to produce a clear and transparent silica sol having a SiO; content of
5 wt% and a pH value of 2.5. It was denoted as S1. The particle size of the silica sol was 4 nm.
(2) Preparation of catalysts: Firstly kaolin and water were mixed under vigorously stirring to
produce a kaolin slurry having a solid content of 20 wt%; each of the SOY molecular sieve and
the ZSP-3 molecular sieve and water were mixed under vigorously stirring, and dispersed with
homogenizer to produce an SOY molecular sieve slurry having a slurry solid content of 35
wt% and a ZSP-3 molecular sieve slurry having a slurry solid content of 35 wt% respectively;
the kaolin slurry, the SOY molecular sieve slurry and the ZSP-3 molecular sieve slurry were
mixed under stirring, and then an acidified pseudo-boehmite having a solid content of 10 wt%
(the pseudo-boehmite acidified with hydrochloric acid, wherein the molar ratio of HCI to
pseudo-boehmite as Al,O3 was 0.2) was added, the mixture was stirred for 10 minutes to
produce a first slurry. The zirconia sol and the above acidic silica sol S1 were mixed (pH value
=2.5), and then added to the above first slurry, the mixture was stirred for 30 minutes to
produce a second slurry. The second slurry was spray-dried to produce catalyst microspheres.
The resulting catalyst microspheres were calcined at 500°C for 2 hours, then washed with an
ammonium sulfate solution (for each wash, the ammonium sulfate comprised 6 wt% of the
catalyst (dry basis)) until the sodium oxide content in the catalyst was less than 2 wt%, to
produce a catalytic cracking catalyst.

Kao | ZS | SO | Acidified Alumin | Zirconi
Catalys |lin | P-3 | Y-8 | pseudo-boehmite | a sol a sol Acidic
t No. wt | wt | wt N | wt | silica sol
0 0
o, o o wt% wt% o | %
? C25 30 |0 30 20 A |5 15
2
Exampl 6 C26 30 |4 26 10 10 B |10 |10
© 2
7 C27 30 8 22 20 C |15 |5
2 1C28 30 5 25 10 5 A |20 |5
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5| c20 |40 |5 |20 |20 5 B |5 |5

1

.| P16 |40 |5 |20 |30 5

;D17 40 |5 |20 |25 5 5
Compar | 11 e 140 |s |20 |25 5 B |5
ative 8
Sxampl ; D19 |40 |5 |20 |20 5 D |5 |5

2

o | D20 40 |5 20 |20 5 E |5 |5

2

D2t a0 s 20 |20 5 F |5 |5
Example 30

Catalyst formula was shown in the table below.

(1) Preparation of silica sol: it was carried out in a manner similar to that of Example 25.

(2) Preparation of rare earth-modified molecular sieve based on the crystal modification of
kaolin: it was carried out in a manner similar to that of Example 19.

(3) Preparation of catalyst: it was carried out in a manner similar to that of Example 19.
Examples 31-34

Catalysts were prepared according to the method of Example 30, and the catalyst formulae
were shown in the table below. The ZSP-3 molecular sieve and water were mixed under
vigorously stirring to form a ZSP-3 molecular sieve slurry having a solid content of 35 wt%,
mixed with the kaolin slurry and the slurry of the modified molecular sieve based on the crystal
modification of kaolin, and then mixed with a mixture of the zirconia sol, the silica sol, and an
alumina sol (if any).

Comparative Examples 22-24

Catalysts were prepared according to the method of Example 30, and the catalyst formulae
were shown in the table below.

K: . R | ZS Acidified Al . .
2.1 Rare earth-modified ciattie . um Zirconi
oli . E | P- | pseudo-boch ina
molecular sieve . a sol
n Y| 3 mite sol
Rar
Catal e | Na Acidic
yst Zeo eart | ,O silica
No wt | lite W h wt | wt N | wt sol
: t con wit% wt%
% | mat o con |tent | % | % o. | %
erial | 7 | tent (wt
(Wt | o)
%)
3 3 0.9
A 12 2 A 1
Exam | 0 C30 | 30 0 3 0 0 5 5
1 .
ple ? c31 [30] B ? 14 019 5 10 10 |B|10]| 10
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3 2 0.8
) C32 30 C 0 18 2 10 20 Cc |15 5
3 2
3 C33 30 B 5 14 | 0.9 5 10 5 A |20 5
3 2 0.8
4 C34 | 40 C 0 18 9 5 20 5 B| 5 5
2

Comp ) D22 | 40 20 5 30 5

arativ 2

e 3 D23 | 40 20| 5 20 5 5 5

Exam

ple i D24 | 40 D (2) 18 léo 5 20 5 F|5 5

Examples 35-37

Catalysts were prepared according to the following method, and the catalyst formulaec were
shown in the table below.

(1) Preparation of phosphorus alumina sol: Pseudo-boehmite, kaolin and water were mixed
under vigorously stirring and dispersed to produce a slurry having a solid content of 15 wt%
(the weight ratio of clay (dry basis) to pseudo-boehmite as Al,O3 was 1:1). A concentrated
phosphoric acid (H3PO4 concentration=85wt%) was added to the slurry under stirring
according to the weight ratio of P/Al=3, and the mixture was reacted at 70°C for 30 minutes to
produce the phosphorus alumina sol.

(2) Firstly kaolin and water were mixed under vigorously stirring to produce a kaolin slurry
having a solid content of 20 wt%; each of the DASY molecular sieve and the ZSP-3 molecular
sieve and water were mixed under vigorously stirring, and dispersed with homogenizer to
produce a DASY molecular sieve slurry having a slurry solid content of 35 wt% and a ZSP-3
molecular sieve slurry having a slurry solid content of 35 wt% respectively; the kaolin slurry,
the DASY molecular sieve slurry and the ZSP-3 molecular sieve slurry were mixed under
stirring, and then an acidified pseudo-boehmite having a solid content of 10 wt% (the molar
ratio of HCI to pseudo-boehmite as Al,O3; was 0.2) was added, the mixture was stirred for 10
minutes to produce a first catalyst mixed slurry. The alumina sol, the zirconia sol and the
phosphorus alumina sol were mixed, and then added to the above first catalyst mixed slurry,
the mixture was stirred for 30 minutes to produce a second catalyst slurry. The second catalyst
slurry was spray-dried to produce catalyst microspheres. The resulting catalyst microspheres
were calcined at 500°C for 2 hours, then washed with ammonium sulfate once (ammonium
sulfate comprised 6 wt% of the catalyst (dry basis)) to produce a catalytic cracking catalyst.
Examples 38-40

Catalysts were prepared according to the following method, and the catalyst formulae were
shown in the table below.

(1) Preparation of phosphorus alumina sol: Pseudo-boehmite, kaolin and water were mixed
under vigorously stirring and dispersed to produce a slurry having a solid content of 15 wt%
(the weight ratio of clay (dry basis) to pseudo-boehmite as Al,O3 was 1:1). A concentrated
phosphoric acid (concentration=85wt%) was added to the above slurry under stirring according
to the weight ratio of P/Al=4, and the mixture was reacted at 80°C for 20 minutes to produce
the phosphorus alumina sol.

(2) Firstly kaolin and water were mixed under vigorously stirring to produce a kaolin slurry
having a solid content of 20 wt%; each of the DASY molecular sieve and the ZSP-3 molecular
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sieve and water were mixed under vigorously stirring, and dispersed with homogenizer to
produce a DASY molecular sieve slurry having a slurry solid content of 35 wt% and a ZSP-3
molecular sieve slurry having a slurry solid content of 35 wt% respectively; the kaolin slurry,
the DASY molecular sieve slurry and the ZSP-3 molecular sieve slurry were mixed under
stirring, and then an acidified pseudo-boehmite having a solid content of 10 wt% ( acidified
with hydrochloric acid, the molar ratio of HCI to pseudo-boehmite as Al,O3 was 0.2) was
added, the mixture was stirred for 10 minutes to produce a slurry containing the molecular
sieve and kaolin. The alumina sol, the zirconia sol and the phosphorus alumina sol were mixed,
and then added to the above slurry containing the molecular sieve and kaolin, the mixture was
stirred for 30 minutes to produce a catalyst slurry. The catalyst slurry was spray-dried to
produce catalyst microspheres. The resulting catalyst microspheres were calcined at 500°C for
2 hours, then washed with ammonium sulfate once (ammonium sulfate comprised 6 wt% of the
catalyst (dry basis)) to produce a catalytic cracking catalyst.

Comparative Examples 25-29

Catalysts were prepared according to the method of Example 35, and the catalyst formulae
were shown in the table below.

Acidifi
Ka | ZS | DA seu(;:(l)dlla(:ﬁmit Alumi | Zirconi
Cataly | olin | P-3 | SY P . na sol a sol Phosphorus
st No. alumina sol
wt | wt | wt Wi% Wi% N | wt
% | % | % ° o | %
i C35 30 | 29 1 5 5 Al 5 25
3
6 C36 30 | 25 5 10 8 B| 5 17
3
C37 30 | 21 9 8 4 C | 10 18
Examp | 7
le 3
g C38 30 | 25 5 10 5 B | 20 5
3 C39 40 | 20 5 15 5 Al 5 10
4
0 C40 20 | 35 5 8 10 C | 12 10
2
5 D25 40 | 20 5 30 5
2
D26 40 | 20 5 20 5 10
Compa | 6
rative 12\ s 140 |20 | s 15 5 |ID|s5 10
Examp | 7
le 2
g D28 40 | 20 5 15 5 E| 5 10
2
9 D29 40 | 20 5 15 5 F| 5 10
Example 41
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(1) Preparation of rare earth-modified super-stabilized molecular sieve based on the crystal
modification of kaolin:

According to the weight ratio of SiCl4: zeolite material A (dry basis)=0.4:1, zeolite material A
and silicon tetrachloride gas were reacted, wherein the reaction temperature was 450°C and the
reaction time was 2 hours, washed and filtered to produce a gas-phase super-stabilized
molecular sieve based on the crystal modification of kaolin (abbreviated as super-stabilized
molecular sieve), which had the unit cell constant of 2.456. The super-stabilized molecular
sieve and deionized water were mixed under vigorously stirring to form an super-stabilized
molecular sieve slurry having a solid content of 10 wt%. Lanthanum chloride and water were
mixed under vigorously stirring to form a lanthanum chloride solution with a La203
concentration of 5 wt%. The lanthanum chloride solution was added to the super-stabilized
molecular sieve slurry, wherein the weight ratio of lanthanum chloride (as La203) to the
molecular sieve (dry basis) was 1:20. The mixture was stirred at 70°C for 1 hour, filtered,
washed, dried at 150°C for 8 hours, and calcined at 500°C for 4 hours, then washed with an
ammonium sulfate solution, wherein the weight ratio of ammonium sulfate to molecular sieve
(dry basis) was 1:20, to produce a rare earth-modified super-stabilized molecular sieve based
on the crystal modification of kaolin ( abbreviated as the rare earth-modified super-stabilized
molecular sieve);

(2) Preparation of phosphorus alumina sol: Pseudo-boehmite, kaolin and water were mixed
under vigorously stirring to produce a slurry having a solid content of 15 wt%. A concentrated
phosphoric acid (concentration=85wt%) was added to the above slurry under stirring according
to the weight ratio of P/Al=3, and the mixture was reacted at 70°C for 30 minutes to produce
the phosphorus alumina sol.

(3) Catalyst preparation: According to the catalyst formula shown in the table below, firstly
kaolin and water were mixed under vigorously stirring to produce a kaolin slurry having a solid
content of 20 wt%; each of the rare earth-modified super-stabilized molecular sieve and the
ZSP-3 molecular sieve and water were mixed under vigorously stirring, and dispersed with
homogenizer to produce a rare earth-modified super-stabilized molecular sieve slurry having a
slurry solid content of 35 wt% and a ZSP-3 molecular sieve slurry having a slurry solid content
of 35 wt% respectively; the kaolin slurry, the rare earth-modified super-stabilized molecular
sieve slurry and the ZSP-3 molecular sieve slurry were mixed under stirring, and then an
acidified pseudo-boehmite having a solid content of 10 wt% (the molar ratio of HCI to
pseudo-boehmite as Al2O3 was 0.2) was added, the mixture was stirred for 10 minutes. The
zirconia sol A, the alumina sol, and the above phosphorus alumina sol were added to the above
slurry, the mixture was stirred for 30 minutes, and spray-dried to produce catalyst microspheres.
The resulting catalyst microspheres were calcined at 500°C for 2 hours to produce a catalytic
cracking catalyst C41.

Examples 42-43

Catalysts were prepared according to the method of Example 41, and the catalyst formulae
were shown in the table below.

Example 44

(1) Preparation of rare earth-modified super-stabilized molecular sieve based on the crystal
modification of kaolin:

The zeolite material A was calcined at 650°C under 100% water vapor for 12 hours to produce
an super-stabilized molecular sieve based on the crystal modification of kaolin (abbreviated as
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super-stabilized molecular sieve), which had the unit cell constant of 2.455. The
super-stabilized molecular sieve and deionized water were mixed under vigorously stirring to
form a slurry having a solid content of 10 wt%. Lanthanum chloride and water were mixed
under vigorously stirring to form a lanthanum chloride solution with a La203 concentration of
5 wt%. The lanthanum chloride solution was added to the super-stabilized molecular sieve
slurry, wherein the weight ratio of lanthanum chloride (as La203) to the molecular sieve (dry
basis) was 1:20. The mixture was stirred at 70°C for 1 hour, filtered, washed, dried at 150°C
for 8 hours, and calcined at 500°C for 4 hours, then washed with an ammonium sulfate solution,
wherein the weight ratio of ammonium sulfate to molecular sieve (dry basis) was 1:20, to
produce a rare earth-modified super-stabilized molecular sieve based on the crystal
modification of kaolin ( abbreviated as the rare earth-modified super-stabilized molecular
sieve); (2) Preparation of phosphorus alumina sol: Pseudo-boehmite, kaolin and water were
mixed under vigorously stirring and dispersed to produce a slurry having a solid content of 15
wt% (the weight ratio of clay (dry basis) to the alumina source as Al,O3; was 1:1). A
concentrated phosphoric acid was added to the above slurry under stirring according to the
weight ratio of P/Al=4, and the mixture was reacted at 80°C for 20 minutes to produce the
phosphorus alumina sol.

(3) Catalyst preparation: According to the catalyst formula shown in the table below, firstly
kaolin and water were mixed under vigorously stirring to produce a kaolin slurry having a solid
content of 40 wt%, and then an alumina sol was added and mixed under vigorously stirring;
each of the rare earth-modified super-stabilized molecular sieve and the ZSP-3 molecular sieve
and water were mixed under vigorously stirring, and dispersed with homogenizer to produce a
rare earth-modified super-stabilized molecular sieve slurry having a slurry solid content of 35
wt% and a ZSP-3 molecular sieve slurry having a slurry solid content of 35 wt% respectively;
the kaolin slurry, the rare earth-modified super-stabilized molecular sieve slurry and the ZSP-3
molecular sieve slurry were mixed under stirring, and then the phosphorus alumina sol
obtained in step (2) was added, the mixture was stirred for 10 minutes. Finally, the alumina sol
was added to the above catalyst mixed slurry, the mixture was stirred for 30 minutes, and
spray-dried to produce catalyst microspheres. The resulting catalyst microspheres were
calcined at 500°C for 2 hours to produce a catalytic cracking catalyst C44.

Examples 45-46

Catalysts were prepared according to the method of Example 44, and the catalyst formulae
were shown in the table below, wherein in the preparation of the rare earth-modified
super-stabilized molecular sieve based on the crystal modification of kaolin, except for
different rare earth contents, the preparation method was identical to that of Example 44.
Comparative Examples 30-31

Catalysts were prepared according to the method of Example 44, and the catalyst formulae
were shown in the table below. The rare earth-modified super-stabilized molecular sieves were
prepared based on zeolite materials D and E.

K . ZS Acidified . . .
2.1 Rare earth-modified crame Alumi | Zirconi
oli e . P- | pseudo-boeh

N super-stabilized molecular sieve 3 mite nasol | asol | Phosp
Cataly Z R horus
st No. €01 w | | Na | silica-a alumi
wt | lite t ¢ O | lumina wt wt% wt% N wt na sol

% | mat o eart | 2 ratio % ’ o | %

eria ’ h con
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1 con | tent
tent | (wt
(wt | %)
%)
‘11' c41 |30 A | 2| 4 |09 704 |28 5 5 |lals | 25
g c42 |30 B | 4|12 ]11] 55 |26 10 8 |B| 5| 17
e ol 6 | 657 |23 8 4 |clio] 18
Exam | 3 8
ple j c44 | 30| A | 9] 4 058 729 | 21 10 5 |Bl20]| 5
: c45 40| B |5 6 | 1] 659 |20 15 5 Al 5| 10
4 1.0
| cas | 20| ¢ 5|8 | ) 636 |35 8 10 [cli2]| 10
Comp 131 3y la0| b |5 6 | X0 650 |20 20 5 10
arative | 0 7
Exam | 3
e 1| D3 |40 | B 5|6 [12] 65 |20 15 5 Ip|s| 10

Examples 47-50
Catalysts were prepared according to the method of Example 7, and the catalyst formulae were

shown in the table below.

Comparative Example 32
The catalyst was prepared according to the method of Comparative Example 5, and the catalyst

formula was shown in the table below.

Ka Rare R | ZS Acidified Silica-al Alumi | Zirconi
oli | earth-modified | E | P- | B | pseudo-boch umina " co
. . . na sol a sol
n | molecularsieve | Y | 3 mite material
Rar
e
tal
No. Cataly Zeo eart
st No. . w w
wt | lite ¢ h | wt]| wt ¢ W% N | wt Wi N | wt
% | Mat con| % | % ’ 0 % o | %
. % %
erial tent
(wt
%)
4 3
. Cc47 30 A 0 12 15 Al S 10 A |10
4 C48 30 B 2 15 10 10 B 5 5 A |15
Exam | 8 5
1
ple g c49 | 40 | C (2) 18 5 15 Al10]| 5 |[B]10
> C50 25 A 3 10 ! 10 B 5 5 Cc |10
0 5 0
Comp
arative | 3 | a1 4 20| 5 30 5
Exam | 2
ple
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Catalyst evaluation
The evaluation of the catalysts was carried out with respect to the following feedstock oils.
The composition and physical properties of feedstock oils were shown in the following tables:

Item Wuhun III feedstock oil
Density (20°C), g/cm® 0.9044
Refraction (20°C) 1.5217
Viscosity (100°C), mm?/s 9.96
Freezing point,°C 40
Aniline point,°C 95.8
C, wt% 85.98
H, wt% 12.86
S, wt% 0.55
N, wt% 0.18
Carbon residue, m% 3

Distillation range,°C

Initial boiling point 243
5% 294
10% 316
30% 395
50% 429
70% 473
90% -

Item Hydro-upgraded oil

Density (20°C), g/cm?® 0.9334

Refraction (70°C) 1.5061

SARA, m%
Saturates 55.6
Aromatics 30
Resins 14.4
Asphaltenes <0.1

Freezing point,°C 34

Metal content, ppm

Ca 3.9

Fe 1.1

Mg <0.1

Na 0.9

Ni 3.1

Pb <0.1

A% 0.5
Cm% 86.88
H m% 11.94
S m% 0.7
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Carbon residue m% 1.77

The catalyst was aged and deactivated under 100% steam at 800°C for 24 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.

The evaluation conditions were as follows: reaction temperature was 500°C, catalyst-oil ratio
(weight) was 6, WHSV was 16h™!,

Among them, conversion rate = gasoline yield + liquefied gas yield + dry gas yield + coke
yield

Total liquid yield = gasoline yield + liquefied gas yield + cycle oil yield

Coke selectivity=coke yield/conversion ratex 100

Coke factor = coke yield x (1-conversion rate) / conversion rate X 100

The coking factor was an important indicator for judging the coke selectivity of the catalyst.
The smaller the coking factor, the better the coke selectivity of the catalyst.

Wuhun IIT was used as the feedstock oil, and the evaluation results were listed in the following
table:

Catalyst Cl1 C2 C3 C4 G5 Cé6 D1 D2 D3 D4

Microreactive

.. 75 73 71 70 72 77 68 58 62 65
activity, %

Dry gas wt% 1.51 (245 347 |4.02 298 |1.62 |257 |1.87 |2.15 |2.32

Liquefied  gas

Wit 14.56 | 19.09 | 22.21 | 24.25 | 17.65 | 16.16 | 20.06 | 15.56 | 18.27 | 18.01
()

Cs+Gasoline

W% 52.82 | 47.11 | 43.56 | 39.46 | 45.86 | 53.98 | 43.04 | 39.44 | 41.18 | 43.01
0

Cycled oil wt% | 15.81 | 16.09 | 16.13 | 17.43 | 18.46 | 14.41 | 17.68 | 21.59 | 19.42 | 18.85

Slurry oil wt% 9.14 |9.18 |8.65 |876 932 |799 |10.24|1526|12.82|11.47

Coke wt% 6.16 | 6.08 | 598 |608 |573 |604 | 641 |628 |6.16 |634

C ion_rat

/vftf/vemon T 7505 | 7473 | 7522 | 73.81 | 72.22 | 77.8 | 72.08 | 63.15 | 67.76 | 69.68
0

Total liquid

. 83.19 [ 8229 | 81.9 | 81.14 | 81.97 | 84.55 | 80.78 | 76.59 | 78.87 | 79.87

yield/wt%

ke selectivi

go“ee"“v“y 821 |8.14 |795 | 824 [793 |7.76 889 |9.94 |9.09 |9.1
0

Coke factor 205 | 206 |1.97 216 |22 |1.72 | 248 |3.66 | 293 |2.76

The catalyst was aged and deactivated under 100% steam at 800°C for 24 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.

The evaluation conditions were as follows: reaction temperature was 500°C, catalyst-oil ratio
(weight) was 6, WHSV was 16h™!,

Among them, conversion rate = gasoline yield + liquefied gas yield + dry gas yield + coke
yield

Coke selectivity=coke yield/conversion ratex100

Coke factor = coke yieldx (1-conversion rate) / conversion ratex 100

Wuhun III was used as the feedstock oil, and the evaluation results were listed in the following
table:

Catalyst C19 |C20 |C21 |C22 |C23 |C24 |D15

Dry gas wt% 149 1198 264 |2.05 |194 |1.89 |148

74




Liquefied gas wt% 155 |16.89 | 18.48 | 16.68 | 17.59 | 16.85 | 15.45
C5+Gasoline wt% 51.95|49.62 | 47.53 | 49.71 | 47.68 | 52.82 | 46.64
Cycled oil wt% 16.73 | 16.85 | 17.02 | 16.82 | 17.45 | 14.43 | 18.34
Slurry oil wt% 847 873 865 |892 941 |812 |11.51
Coke wt% 586 |[593 |568 |582 |593 |589 |6.58
Conversion rate /wt% | 74.8 | 74.42 | 74.33 | 74.26 | 73.14 | 77.45 | 70.15
Coke selectivity % 7.83 | 797 |7.64 |784 |811 |76 9.38
Coke factor 1.97 [2.04 |196 |2.02 |2.18 [1.71 |28
Wear index, m%/h 0.8 0.9 0.7 0.6 1 0.9 5.8

The catalyst was aged and deactivated under 100% steam at 800°C for 17 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.
The evaluation conditions were as follows: reaction temperature was 520°C, catalyst-oil ratio
(weight) was 4, WHSV was 16h™!,
5 Among them, conversion rate = gasoline yield + liquefied gas yield + dry gas yield + coke

yield

Coke selectivity=coke yield/conversion ratex 100
Coke factor = coke yieldx (1-conversion rate) / conversion ratex 100
Hydro-upgraded oil was used as the feedstock oil, and the evaluation results were listed in the

10 following table:

Catalyst | C7 |C8 |C9 |CI0 |CIl |[CI2 |[D5 |D6 |D7 |D8 |D9 |DIo
Microreact
ive 75 |74 |71 |72 |70 |76 |65 |66 |60 |68 |64 |63
activity, %
Dry g | 44 1205 [ 251 | 201 | 198 | 174 | 128 | 132 | 1.02 | 148 | 124 | 1.18
wt%
Liquefied | 15.6 | 16.6 | 17.5 | 16.7 | 164 | 16.2 | 14.9 | 15.0 | 13.1 | 154 | 14.7 | 14.4
gaswt% |6 |9 |6 |1 |8 |6 |8 |1 |2 |9 |9 |2
C5+Gasoli | 51.9 | 50.9 |49.8 | 51.0 | 49.8 | 52.4 | 47.0 | 47.1 | 43.4 |47.9 | 46.8 | 46.2
newt% |7 (1 |2 |5 |9 |7 |1 |2 |2 |1 |7 |5
Cycled oil | 16.6 | 16.0 | 158 | 158 | 164 | 16.0 | 182 | 18.1 | 20.8 | 17.3 | 183 | 18.8
Wit% 1olo {1 o s |2 4 |3 |2 |1 |7 |1
Slurry _oil 112 | 112139 [ 10.6 | 11.6 | 11.8
" 8.27 | 8.18 | 7.04 | 8.17 | 886 | 739 | 7| T S0 TV
Coke wt% | 6.05 | 6.08 | 6.36 | 6.07 | 6.31 | 6.12 | 7.24 | 721 | 7.68 | 7.17 | 7.09 | 7.52
Conversion | 75.1 | 75.7 | 762 | 75.9 | 74.6 | 76.5 | 70.5 | 70.6 | 65.2 | 72.0 | 69.9 | 69.3
rate/wt% (2 (3 |5 |4 |6 |9 |1 |6 |4 |5 |9 |7
Coke
selectivity | 8.05 | 8.03 | 8.34 | 7.99 | 845 | 7.09 | 102 | 102 | 17 [ 995 | 10-1 ) 108
9 7 7 3 |4
0
Coke

2 1195198 |1.92 |2.14 | 1.87 | 3.03 [ 2.99 [ 4.09 | 2.78 | 3.04 | 3.32
factor

The catalyst was aged and deactivated under 100% steam at 800°C for 15 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.
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The evaluation conditions were as follows: reaction temperature was 500°C, catalyst-oil ratio
(weight) was 6, WHSV was 16h™!,

Among them, conversion rate = gasoline yield + liquefied gas yield + dry gas yield + coke
yield

Hydro-upgraded oil was used as the feedstock oil, and the evaluation results were listed in the
following table:

Catalyst C30 |C31 |C32 |C33 |C34 | D22 |D23 |D24
Microreactive activity, % | 76 75 77 75 77 70 68 71
Dry gas wt% 1.61 207 [238 |2.17 |[242 |191 |1.48 |1.86
Liquefied gas wt% 14.23 | 15.19 | 16.01 | 15.79 | 15.41 | 15.22 | 14.31 | 15.17
C5+Gasoline wt% 52.13 | 51.06 | 51.87 | 50.28 | 51.92 | 46.11 | 47.76 | 47.22
Cycled oil wt% 15.61 | 15.71 | 14.34 | 15.84 | 14.01 | 19.23 | 19.03 | 18.03
Slurry oil wt% 9.83 1973 884 |9.54 [991 |11.17|11.01|11.25
Coke wt% 6.59 624 656 |638 |633 |636 |641 |6.47
Conversion rate /wt% 74.56 | 74.56 | 76.82 | 74.62 | 76.08 | 69.6 | 69.96 | 70.72
Total liquid yield/wt%

Coke selectivity % 8.84 837 |854 |855 [832 [9.14 [9.16 |9.15
Coke factor 225 213 198 (217 |1.99 |2.78 |2.75 |2.68

The catalyst was impregnated and polluted by Micheal method, and the heavy metals polluted
were 1000ug/g nickel and 3000pg/g vanadium. The polluted catalyst was aged at 780°C under
100 vol% water vapor for 4 hours, and then evaluated on the ACE appratus. The evaluation
conditions were as follows: the reaction temperature was 500°C, the catalyst-oil ratio (weight
ratio) was 6, and WHSV was 16 h-1.

Hydro-upgraded oil was used as the feedstock oil, and the evaluation results were listed in the
following table:

Catalyst C30 |C31 |C32 |C33 |C34 | D22 |D23 |D24
Microreactive activity, % | 67 66 67 65 67 59 57 60
Dry gas wt% 141 | 145 (152 |132 | 147 | 123 |192 |1.34
Liquefied gas wt% 12.32 112,53 [ 13.73 | 13.12 | 13.63 | 11.13 | 11.15 | 11.98
C5+Gasoline wt% 47.01 | 46.22 | 46.91 | 44.81 | 46.17 | 40.12 | 39.89 | 41.01
Cycled oil wt% 20.43 | 21.11 | 19.82 | 21.58 | 19.89 | 27.31 | 26.71 | 25.54
Slurry oil wt% 11.51 | 11.15 [ 10.61 | 11.31 | 11.13 | 11.83 | 12.08 | 11.68
Coke wt% 732 | 754 |7.41 |7.86 |7.71 |838 |825 |8.45
Conversion rate /wt% 68.06 | 67.74 | 69.57 | 67.11 | 68.98 | 60.86 | 61.21 | 62.78

The catalyst was aged and deactivated under 100% steam at 800°C for 12 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.

The evaluation conditions were as follows: reaction temperature was 550°C, catalyst-oil ratio
(weight) was 6, WHSV was 16h™,

Among them, conversion rate = gasoline yield + liquefied gas yield + dry gas yield + coke
yield

Lower carbon olefin selectivity= (propylene + ethylene) yield / conversion rate x 100%

Coke selectivity=coke yield/conversion ratex100
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Coke factor = coke yieldx (1-conversion rate) / conversion ratex 100

Ethylene concentration = ethylene yield / dry gas yield
Propylene concentration = Propylene yield / Liquefied gas yield
Wuhun III was used as the feedstock oil, and the evaluation results were listed in the following

table:

Catalyst C41 [C42 | C43 | C44 | C45 | C46 | D30 | D31
Dry gas wt% 493 1479 (448 | 435 |4.55 | 528 |[425 | 458
Liquefied gas wt% 35.97 | 36.85 | 35.66 | 34.44 | 34.51 | 36.41 | 32.55 | 33.27
Ethylene wt% 229 225 (202 |191 |1.73 |245 |1.55 |1.62
Propylene wt% 19.58 | 19.52 | 18.83 | 18.16 | 17.92 | 22.35 | 14.63 | 14.27
C5+Gasoline wt% 31.46 | 35.03 | 34.67 | 33.94 | 32.93 | 32.42 | 29.67 | 28.71
Cycled oil wt% 12.3519.02 |9.81 |10.99 | 11.33|10.24 | 14.21 | 14.13
Slurry oil wt% 10.11 | 813 |9.15 |9.85 |10.86|9.04 |11.87|11.77
Coke wt% 518 [6.18 |6.23 |643 |582 |6.61 |745 |7.54
Conversion rate /wt% 77.54 | 82.85 | 81.04 | 79.16 | 77.81 | 80.72 | 73.92 | 74.1
Lower carbon olefin selectivity | 28.2 | 26.28 | 25.73 | 25.35 | 25.25| 30.72 | 21.89 | 21.44
Propylene concentration 54.43 |1 52.97 | 52.8 | 52.73 | 51.93 | 61.38 | 44.95 | 42.89
Ethylene concentration 46.45 | 46.97 | 45.09 | 43.91 | 38.02 | 46.4 | 36.47 | 3537
Coke selectivity % 6.68 |[7.46 |7.69 |8.12 |7.48 |819 |10.08|10.18
Coke factor 1.5 128 | 146 |[1.69 |1.66 |1.58 |2.63 |2.64
Wear index, m%/h 0.8 0.6 0.7 0.6 0.9 1 3.9 4.8

The catalyst was aged and deactivated under 100% steam at 800°C for 15 hours. Evaluation
was performed on a fixed fluidized bed ACE micro-reactor.
The evaluation conditions were as follows: reaction temperature was 500°C, catalyst-oil ratio

(weight) was 6, WHSV was 16h™!,

Hydro-upgraded oil was used as the feedstock oil, and the evaluation results were listed in the

following table:
Catalyst C47 | C48 |[C49 | C50 | D32
Microreactive activity, % | 77 79 78 75 70
Dry gas wt% 1.62 |2.15 | 1.75 |2.02 | 191
Liquefied gas wt% 14.85 ] 16.31 | 15.83 | 16.21 | 15.22
C5+Gasoline wt% 52.64 | 52.75 | 52.95 | 51.72 | 46.11
Cycled oil wt% 16.09 | 15.58 | 15.12 | 15.72 | 19.23
Slurry oil wt% 8.65 |7.49 |847 |822 |11.17
Coke wt% 6.15 572 |588 |6.11 |6.36
Conversion rate /wt% 75.26 | 76.93 | 76.41 | 76.06 | 69.6
Total liquid yield/wt% 83.58 | 84.64 | 83.9 | 83.65 | 80.56
Coke selectivity % 817 | 744 |77 8.03 |9.14
Coke factor 202 | 1.72 | 1.82 [1.92 |2.78
Wear index, m%/h 0.7 0.6 0.9 0.9 -

The catalyst was impregnated and polluted by Micheal method, and the heavy metals polluted
were 1000ug/g nickel and 3000ug/g vanadium. The polluted catalyst was aged at 780°C under
100 vol% water vapor for 4 hours, and then evaluated on the ACE appratus. The evaluation
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conditions were as follows: the reaction temperature was 500°C, the catalyst-oil ratio (weight
ratio) was 6, and WHSV was 16 h-1.

Hydro-upgraded oil was used as the feedstock oil, and the evaluation results were listed in the
following table:

Catalyst C47 | C48 |C49 |C50 | D32
Microreactive activity, wt% | 69 70 69 66 59
Dry gas yield, wt% 1.51 198 |1.72 | 1.92 |1.23

Liquefied gas yield, wt% 13.31 | 15.84 | 14.53 | 14.25 | 11.13
C5+Gasoline yield, wt% 47.24 | 46.47 | 46.24 | 46.12 | 40.12

Cycled oil yield, wt% 20.44 | 19.08 | 20.06 | 20.56 | 27.31
Slurry oil yield, wt% 10.67 | 10.12 | 10.62 | 10.72 | 11.83
Coke yield, wt% 6.83 |6.51 |6.83 |643 |8.38

Conversion rate, wt% 68.89 | 70.8 | 69.32 | 68.72 | 60.86
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Claims

1. A catalytic cracking catalyst, comprising 10-70 wt% of a cracking active component,
10-60 wt% of a binder and 10-70 wt% of a clay, wherein the cracking active component
comprises 5-100 wt% of a first Y-type molecular sieve and 0-95 wt% of a second molecular
sieve; wherein the first Y-type molecular sieve is a modified molecular sieve based on the
crystal modification of kaolin obtained from the modification treatment of a molecular
sieve based on the crystal modification of kaolin, and has a sodium oxide content of less
than 2 wt%,wherein for the molecular sieve based on the crystal modification of kaolin,
when measured with an X-ray diffraction method, the crystallinity by the peak height
method is > 60%, and the ratio of the crystallinity by the peak height method to the
crystallinity by the peak area method is K1, K1=0.76-0.89; the silica-alumina ratio
measured with the unit cell constant a0 is 5.0-5.5, and the ratio of the silica-alumina ratio
measured with the unit cell constant a0 to the silica-alumina ratio measured with the
chemical method is K2, K2=0.87-0.93, the silica-alumina ratios are both the molar ratio of
silica to alumina.

2. The catalytic cracking catalyst according to claim 1, wherein the crystallinity by the peak
height method is > 80%.

3. The catalytic cracking catalyst according to claim 1 or 2, wherein the K1=0.80-0.89, for
example the K1=0.80-0.85.

4. The catalytic cracking catalyst according to any of claims 1-3, wherein the K2=0.87-
0.92, for example the K2=0.88-0.90.

5. The catalytic cracking catalyst according to any of claims 1-4, wherein the K1=0.77-
0.88 and the K2=0.87-0.91.

6. The catalytic cracking catalyst according to any of claims 1-5, wherein the molecular
sieve based on the crystal modification of kaolin has a proportion of macropores and
mesopores of 10-20% as measured with the nitrogen adsorption method RIPP151-90,
wherein the pores with a pore diameter greater than 0.8nm are defined as mesopores and
macropores, and the equation for the proportion of mesopores and macropores is (V total
pores'Vmicropores)/VtotaI poresxlOO%-

7. The catalytic cracking catalyst according to any of claims 1-6, wherein the silica-alumina
ratio measured with the unit cell constant a0 is 5.2-5.5.

8. The catalytic cracking catalyst according to any of claims 1-7, wherein the molecular
sieve based on the crystal modification of kaolin is prepared with a process comprising the
steps of:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A, wherein the mass ratio of the
directing agent to the metakaolin is 0.01-1.0, and the reaction raw material A has a
composition by molar ratio of (1-2.5) Na;O : AlLOs : (4-9) SiO; : (40-100) H20;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
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silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product.

9. The catalytic cracking catalyst according to any of the precedent claims, wherein the
modified molecular sieve based on the crystal modification of kaolin contains rare earth,
and the modified molecular sieve based on the crystal modification of kaolin has the
content of rare earth as RE2O3 of 10-20 wt%.

10. The catalytic cracking catalyst according to any of the preceding claims, wherein the
second molecular sieve is selected from faujasite, BEA structure molecular sieve, MFI
structure molecular sieve, and mordenite; for example, the faujasite is one or more of HY,
REY, REHY, USY, REUSY, DASY and REDASY:; the binder is one or more of zirconia
sol, silica sol, alumina sol, acidified pseudo-boehmite, and metal-modified pseudo-
boehmite; the clay is one or more of kaolin, montmorillonite, diatomite, halloysite,
metahalloysite, saponite, rectorite, sepiolite, attapulgite, hydrotal cite and bentonite; or
the catalytic cracking catalyst contains 10-70 wt% of the cracking active component, 1-20
wt% of a silica-alumina material, 10-60 wt% of a binder and 10-70 wt% of a clay; wherein
the cracking active component comprises 25-100 wt% of a first Y-type molecular sieve and
0-75 wt% of a second molecular sieve; the first Y-type molecular sieve is a Y-type
molecular sieve synthesized by in-situ crystallization having a sodium oxide content of less
than 2 wt%,; the silica-alumina material has an anhydrous chemical formula by weight of
(0-1) NaxO  (15-50) ALOs * (85-50) SiO, a pore size of 10-100nm, a specific surface area
of 150-600 m2/g, a pore volume of 0.5-1.5 mL/g, and a proportion of the pore volume of
the pores having a pore diameter of greater than 10 nm to the total pore volume of 70-98%;
or

the catalytic cracking catalyst comprises 10-60 wt% of the cracking active component, 20-
60 wt% of a binder, and 10-70 wt% of a clay; wherein the binder comprises 1-50 wt% of a
zirconia sol, and 50-99 wt% of a second binder, the zirconia sol comprises 0.5-20 wt% of
ZrOy, a stabilizer, an alkali cation and water, wherein the molar ratio of the stabilizer to Zr
is 1-6, the pH value of the zirconia sol is 1-7; preferably, the cracking active component
comprises 70-100 wt% of a Y-type molecular sieve and 0-30 wt% of a second molecular
sieve; or

the catalytic cracking catalyst comprises 10-60 wt% of the cracking active component on
the dry basis, 20-60 wt% of a binder on the dry basis, and 0-70 wt% of a second clay on
the dry basis; wherein, based on the dry basis weight of the binder, on the dry basis, the
binder comprises 1-50 wt% of a zirconia sol, 50-99 wt% of a phosphorus-aluminum
inorganic binder and 0-45 wt% of a third binder; the cracking active component comprises
a first molecular sieve and optionally a second molecular sieve, the first molecular sieve is
a pentasil molecular sieve; on the dry basis, the first molecular sieve comprises 70 wt% or
more of the cracking active component; preferably, the cracking active component contains
70-100 wt% of the first molecular sieve, and 0-30 wt% of the second molecular sieve; the
zirconia sol comprises 0.5-20 wt% of ZrO., a stabilizer, an alkali cation and water, wherein
the molar ratio of the stabilizer to Zr is 1-6, the pH value of the zirconia sol is 1-7; the
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phosphorus-aluminum inorganic binder contains 15-40 wt% of an aluminum source
component as Al,Os, 45-80 wt% of a phosphorus component (as P20s) and 0-40 wt% of a
first clay on the dry basis, and has a P/Al weight ratio of 1-6, a pH value of 1-3.5 and a
solid content of 15-60 wt%; or

based on the dry basis weight of the catalytic cracking catalyst, the catalytic cracking
catalyst comprises 10-70 wt% of the cracking active component, 1-20 wt% of a zirconia
binder, 1-20 wt% of a silica sol binder, 0-50 wt% of an alumina-based binder and 10-70
wt% of a clay, the zirconia binder is a zirconia sol, the zirconia sol comprises 0.5-20 wt%
of ZrO,, a stabilizer, an alkali cation and water, wherein the molar ratio of the stabilizer to
Zr is 1-6, the pH value of the zirconia sol is 1-7; or

the catalytic cracking catalyst comprises a molecular sieve, an alumina-based binder, a clay
and a composite, based on the total amount of the catalyst, the content of the molecular
sieve is 10-70 wt%, the content of the alumina-based binder is 5-30 wt%, the content of
the clay is 10-70 wt%, the content of the composite is 6-50 wt%; the molecular sieve
comprises a first molecular sieve and an optional second molecular sieve, based on the total
amount of the molecular sieve, the content of the first molecular sieve is 70-100 wt%, the
content of the second molecular sieve is 0-30 wt%; the composite comprises a zirconia sol
and a silica-alumina material, the zirconia sol comprises 0.5-20 wt% of ZrO,, a stabilizer,
an alkali cation and water, wherein the molar ratio of the stabilizer to Zr is 1-6, the pH
value of the zirconia sol is 1-7; the first molecular sieve is a Y-type molecular sieve,
wherein the content of the rare earth element in the Y-type molecular sieve is 0-20 wt%;
the second molecular sieve is a pentasil molecular sieve.

11. A process for preparing the catalytic cracking catalyst according to any of the precedent
claims, comprising the following steps:

(1) preparing a modified molecular sieve based on the crystal modification of kaolin;

(2) making a clay, a cracking active component and a binder form a slurry; the cracking
active component comprises the modified molecular sieve based on the crystal modification
of kaolin and an optional second molecular sieve;

(3) spray-drying the slurry obtained in step (2), wherein the process for preparing the
modified molecular sieve based on the crystal modification of kaolin comprises the
following steps:

(1) converting kaolin into metakaolin by calcining and dehydrating at 500-900°C, and
pulverizing it into metakaolin powder with a particle size of less than 10 microns;

(2) adding a directing agent, sodium silicate, a sodium hydroxide solution and water to the
metakaolin powder to produce a reaction raw material A having a composition of (1-2.5)
NayO : AOs : (4-9) SiO» : (40-100) H.0, wherein the mass ratio of the directing agent to
the metakaolin is 0.01-1.0;

(3) crystallizing the reaction raw material A at 88-98°C under stirring for 1-70 hours, then
supplementing a second silicon source to obtain a reaction raw material B, wherein both as
silica, the second silicon source comprises 0.1-10 wt% of the total amount of the added
silicon;

(4) crystallizing the reaction raw material B under stirring at 88-98°C and recovering the
product;
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(5) ion-exchanging the recovered product.

12. The catalytic cracking catalyst according to claim 8 or the process for preparing the
catalytic cracking catalyst according to claim 11, wherein the directing agent has a
composition of (10-17) SiO- : (0.7-1.3) Al>Os : (11-18) NaxO : (200-350) H20.

13. The preparation process according to claim 11, wherein the second silicon source has
the sodium content as Na,;O of< 1 wt%.

14. The process for preparing the catalytic cracking catalyst according to any of claims 11-
13, wherein the second silicon source is a solid silica gel.

15. The process for preparing the catalytic cracking catalyst according to claim 14, wherein
the solid silica gel has an average pore size of 1.5-2.0 nm, or the solid silica gel has an
average pore size of 4.0-5.0 nm, or the solid silica gel has an average pore size of 10.0 nm
or more, or the solid silica gel has an average pore size of 0.8 nm or less.

16. The process for preparing the catalytic cracking catalyst according to any of claims 11-
15, wherein the second silicon source is a liquid silica gel.

17. The process for preparing the catalytic cracking catalyst according to claim 16, wherein
the liquid silica gel has the SiO content by weight of 1-30%.

18. The process for preparing the catalytic cracking catalyst according to any of claims 11-
17, wherein both as silica, the second silicon source comprises 4-10 wt% of the total
amount of the added silicon.

19. The process for preparing the catalytic cracking catalyst according to any of claims 11-
18, wherein the ion-exchanging in step (5) is the ammonium ion exchanging and/or the rare
earth ion exchanging.

20. The process for preparing the catalytic cracking catalyst according to any of claims 11-
19, wherein the ion-exchanged product obtained from step (5) is further calcined.

21. The process for preparing the catalytic cracking catalyst according to any of claims 11-
20, wherein the ion-exchanging comprises the rare earth ion exchanging, and the modified
molecular sieve based on the crystal modification of kaolin obtained from step (5) has the
rare earth content as RE2O3 of 10-20 wt%, and the sodium oxide content of less than 2 wt%.
22. A catalytic cracking process, which comprises a step of contacting a hydrocarbon oil
with the catalytic cracking catalyst according to any of claims 1-10 to react.
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