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A catalytic cracking catalyst containing a modified Y-type zeolite and a preparation

process thereof

Technical Field
[0001]) The present invention relates to a catalytic cracking catalyst containing a modified

Y-type zeolite and a preparation process thereof.

Background of the Invention

[0002] Due to the decreasing petreoleum resource, it has become an inarguable fact that
the crude oil becomes heavier and inferior. As 3 main processing means of converting the
heavy oil to light fuels such gasoline and diesel oil, it is inevitable for the catalytic cracking to
treat more inferiror raw heavy il more and more. The decreased conversion and the
increased coke yield are caused by the influence of the inferior raw oil on the catalytic
cracking. Therefore, many researches are conducted in the aspects of modifying the zeolite,
producing the catalyst, and desigining the process (Liu Tao, Zhang Zhongdong, Zhang Haitao,
Sino-Global Energy. 2009, 14{1):71-77). However, for most of the current catalyst designing
and industrial operation, the high yield of light oils and LPG is achieved by increasing the
conversion for the cracking reaction, and therefore the coke vield is remarkly increased. This
results in wasting the petreoleum resource. In order to improve the utilization of heavy oil,
the conversion may be properly controlled to reduce the coke yield and improve the coke
selectivity. It is the zeclite in the composition of the FCC catalyst to have a deterministic
impact on the comprehensive reaction performance of the catalyst. Therefore, it is a most
effective means for improving the reaction performance of catalytic cracking catalyst to

modify the zeolite.

[0003] Coke is composed 6f various hydrogen-deficient compounds having different
hydrogen deficiency degrees. It is a product of the hydrogen transfer reaction. Therefore, in
order to decrease the coke vield, it is required to reduce the hydrogen transfer reaction
appropriately. The main course of hydrogen transfer reaction is the adsorption, reaction and

desorption of protonated olefins on the acid sites of the zeolite. The higher the acid site
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density of the zeolite is, the intenser the hydrogen transfer reaction becomes. The acid site
density of the zeolite is relevant to the Si/Al ratio in the skeleton of the zeolite. The lower
the SifAl ratio in the skeleton of the zeolite, the more the number of the acid sites of
aluminum-oxygen tetrahedron, the higher the acid site density of the zeolite, the more the
number of the hydrogen transfer reactions, the quicker the hydrogen transfer reaction, and
the higher the coke vield; on the oppasite, the higher the SifAl ratio in the skeleton of the
zeolite, the lower the acid site density of the zeolite, the less the number of the hydrogen
transfer reactions, and the lower the coke yield. Therefore, in order to ensure that an active
component has good coke selectivity, it is required for the active component to have a

lower unit celi size and a suitable acid site density.

[0004] It is well known that in the operation of a cracking unit, in order to maintain a
stable reaction activity, it is required to discharge the spent catalyst and supplement the
fresh catalyst. Therefore, there exists a catalyst age distribution. The catalysts with different
ages have different reaction performances. The zeolite in the fresh catalyst has larger unit
cell size, therefore the fresh catalyst has higher cracking activity, stronger hydrogen transfer
ahility, and higher coke vield. For the catalyst in a long run, the zeolite is subjected to
skeleton dealumination and structural collapse under the hydrothermal condition, and
therefore the spent catalyst has lower cracking activity and poorer reaction selectivity. It is
clear that the catalysts in these two conditions are both unfavorable for increasing the
heavy oil utilization. In order to improve the heavy oil utilization of the catalyst, it should
start from increasing the reaction performances of the zeolite under different deactivation
degrees. In one hand, the zeolite having a low unit cell size can be used so as to decrease
the coke selectivity of the fresh zeolite, and on the other hand, the activity-stability of the
zeolite can be improved by modification so as to improve the equilibrium-activity and
reduce the activity differences in the different stages caused by the hydrothermal aging of
the zeolite, in order to reduce the coke selectivity of the catalyst wholly and therefore

increase the heavy oil utilization.

[0005] Using the Y-type zeolite having a lower unit cell size consequently reduces the
catalyst activity and the heavy oil conversion capability. Therefore, other modifying

elements should be added to improve the performance of the active components. The
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modification with rare earth can remarkably increase the cracking activity and the
hydrothermal stability of the zeolite. However, it is shown by many studies that the zeolite
with high rare earth content has poor coke selectivity. Therefore, it is suitable to use the
medium/low rare earth content. Recently, the modification by introducing both P and rare

earth into the zeolite is adopted to improve the catalytic performance.

[0006] Patent literatures such as CN1157465C, CN1436727A, CN1506161A, CN1317547A,
CN101537366A, EP0421422 and CN1951814A disclose the Si/Al ratio of the Y-type zeolite is
increased by hydrothermal dealumination and/or chemical dealumination, and the
shrinkage of unit cell is achieved by the second hydrothermal calcination. However, during
the course of the deep dealumination (Si0,/Al,03 molar ratio = 15), the zeolite structure is

often destroyed to decrease the zeolite crystallinity.

[0007] US 5013699 discloses a method of treating a Y-type zeolite, which method
comprises NaY zeolite is subjected to ammonium ion exchange, and then high-temperature
steam treatment. The resulting sample is then subjected to ammonium ion exchange at a
pH of <4 and dealumination to obtain a zeolite product. According to that method, the
zeolite sample is treated at a lower pH condition, and is not subjected ta any protection.
Therefore, the skeleton of the zeolite is prone to be'destroyed, resulting in a decreased

crystallinity of the zeolite.

[0008] US 4503023 discloses a LZ-210 zeolite and its preparation method. Said methed
comprises a NaY zeolite is subjected to dealumination and silicon substitution with
fluorosilicate to increase the Si/Al ratio of the zeclite. The resulting product has a higher
crystallinity. However, when the Y-zeolite is dealuminated with fluorosilicate, the
Si02/AI1203 molar ratio of the zeolite product is usually not higher than 13, otherwise the
crystallinity of the zeolite product is remarkably decreased. In addition, the modified
Y-zeolite prepared by dealumination and silicon substitution with fluorosilicate has few or

no secondary holes, which is unfavorable for catalytically cracking the heavy oil.

[0009] CN1157465C discloses a catalytic cracking catalyst, which is composed of 50-95wt%

of the support and 5-50wt% of the zeolite containing alkali-earth metal. That catalyst is



10

15

20

25

prepared through mixing a compound containing alkali-earth metal with a zeolite
homogenously in the presence of water optionally with the addition of agueous ammonia,
drying, calcining to obtain a zeolite containing alkali-earth metal, dispersing it in a support

slurry, and drying-shaping.

Summary of the Invention

[0010] An object of the present invention is to provide a modified Y-type zeolite containing
phosphorus and rare earth, which has good stability and/or has an ability of decreasing coke
make.

[0011] Another object of the present invention is to provide a preparation process for the
modified Y-type zeolite.

[0012] Another object of the present invention is to provide a use of the modified Y-type
zeolite in catalytically cracking the raw heavy oil.

[0013] In another aspect, an object of the present invention is to provide a catalytic
cracking catalyst having high stability, low coke vield, and high heavy oil utilization. Said
catalyst contains a novel modified Y-type zeolite.

[0014] The present invention provides a modified Y-type zeolite, which is characterized by
having a unit cell size of 2.420-2.440nm; as percent by weight of the modified Y-type zeolite,
a phosphorus content of 0.05-6%, a RE203; content of 0.03-10%, and an alumina content of
less than 22%; and a specific hydroxy nest concentration of less than 0.35mmol/g and more

than 0.05mmol/g,

[{Msoo-c-M200-c)-{17/9)%{Mago+c-Ms00°c}] x 1000
said specific hydroxy nest concentration= {Unit:mmol/g)
36%(1-Mapgec)*xC

wherein Magpee, Msooec and Mggoee respectively represent the weight loss percents of a
sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample. The
weight loss percent and the crystallinity of the sample are measured according to the

methods as mentioned hereinafter.

[0015] The present invention further provides a catalytic cracking catalyst, which contains
a cracking active component, 10wt%-70wt% of a clay on the dry basis, and 10wt%-40wt% of
an inorganic oxide binder (as oxide), relative to the weight of the catalytic cracking catalyst,
wherein said cracking active component contains, relative to the weight of the catalytic

cracking catalyst, 10wt%-50wt% of the modified Y-type zeolite on the dry basis and 0-40wt%

-4
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of other zeolite on the dry basis.

[0016]) In another aspect, the present invention provides a process for preparing a catalytic
cracking catalyst, which process comprises said modified Y-type zeolite, other zeolite, the

clay and the inorganic oxide binder are subjected to mixing, pulping and spray-drying.

[0017] The present invention also provides a process for preparing the above-mentioned
modified Y-type zeolite, wherein said modified Y-type zeolite is obtained by using a NaY
zeolite as starting material and through a three-exchanges-and-three-calcinations procedure.
That is to say, the zeolite as starting material is subjected to a combination procedure
comprising three exchange steps and three hydrothermally treating steps. The introduction
of phosphorus and rare earth is done by the exchange step. The zeoclite is added to a
phospharus-containing exchanging solution or a rare earth-containing exchanging solution
to conduct the exchange. Phosphorus can be introduced at any exchange step, and can be
added once or in several times. Rare earth can be introduced at any exchange step except
the first exchange step. In the exchange step, a dealumination agent can be added to
conduct a chemical dealumination for promoting the removal of aluminum. The chemical

dealumination can be conducted at any exchange step except the first exchange step.

[0018] Since the aluminum vacancies formed after dealumination can be substituted with
silicon as much as possible, the modified Y-type zeolite according to the present invention
has few defect in the crystal lattice, and therefore has a very excellent stability, a good
structure-hydrothermal stability and a good activity-hydrothermal stability. The application
of the zeolite in the catalytic cracking catalyst as active component can maintain a long

period stable activity, effectively control the coke yield and increase the heavy qil utilization.

[0019] More specifically, the present invention provide the following technical solutions:

1. A catalytic cracking catalyst, which comprises a cracking active component, 10wt%-70wt%
of a clay on the dry basis, and 10wt%-40wt% of an inorganic oxide binder (as oxide), relative
to the weight of the catalytic cracking catalyst, wherein said cracking active component
contains, relative to the weight of the catalytic cracking catalyst, 10wt%-50wt% of a

modified Y-type zeolite on the dry basis and 0-40wt% of other zeolite on the dry basis,
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wherein said modified Y-type zeolite is characterized by having a unit cell size of
2.420-2.440nm; as percent by weight of the modified Y-type zeolite, a phosphorus content
of 0.05-6%, a REz03 content of 0.03-10%, and an alumina content of less than 22%; and a
specific hydroxy nest concentration of less than 0.35mmol/g and more than 0.05mmol/g,
[{M500-c-Mz00ec)-{17/9}%(M3zgo-c-Msop-c}]x 1000

said specific hydroxy nest concentration= {Unit:mmol/g)
36x%{1-Mzgpec}xC

wherein Mjpgre, Msgerc and Magpec respectively represent the weight loss percents of a

sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample.

2. The catalytic cracking catalyst according to any one of the previous technical solutions,
wherein said unit cell size is 2.428-2.438nm; as percent by weight of the modified Y-type
zeolite, the phosphorus content is 0.1-4.5%, the RE;O3 content is 0.1-4.5%, the alumina
content is less than 21%; the specific hydroxy nest cancentration is less than 0.3mmol/g and

more than 0.10mmol/g.

3. The catalytic cracking catalyst according to any one of the previous technical solutions,
wherein said clay is selected from the group consisting of kaolin, metahalloysite,
montmorillonite, diatomite, halloysite, saponite, rectorite, sepiolite, attapulgite,
hydrotalcite, bentonite and any mixture t‘hereof; wherein said inorganic oxide binder is an
alumina binder, including y-alumina, n-alumina, 8-alumina, ¥-alumina, pseudoboehmite,

boehmite, gibbsite, bayerite, and any mixture thereof.

4. The catalytic cracking catalyst according to any one of the previous technical solutions,
wherein said other zeolite is selected from one or more of the following:

Y-type zeolite such as one or more zeclites of REY, REHY, DASY, USY, and REUSY;
MFI-structured zeolite such as one or more zeolites of ZSM-5, ZRP, and ZSP;

Beta zeolite; and

Non-zeolite molecular sieve such as SAPO and titanium silicate molecular sieve.

5. The catalytic cracking catalyst according to any one of the previous technical solutions,
wherein, relative to the weight of the catalytic cracking catalyst, said catalytic cracking
catalyst comprises:

10wt%-70wt% of the clay on the dry basis;
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10wt%-40wt% of the inorganic oxide binder (as oxide); and

the cracking active component;

wherein said cracking active component comprises, substantially consists of or consists of:
{A) 10wt%-50wt% of the modified Y-type zeolite on the dry basis;

(B} optionally, one or more of the following:

{1) not more than 30wt% of MFI-structured zeolite on the dry basis;

(2) not more than 30wt% of Mg-containing ultra stable Y-type zeclite on the dry
basis;

(3) on the dry basis, not more than 30wt% of rare earth modified, gas-phase ultra
stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally
dealuminated Y-type zeolite; and
{C) optionally,

(4) on the dry basis, not more than 30wt% of Y-type zeolite selected from the
group consisting of REY, REHY, DASY, USY, REUSY and any mixture thereof,
wherein, the total weight of the above (1), (2), (3) and (4) is not mare than 40wt%.

6. The catalytic cracking catalyst according to any one of the previous technical solutions,
wherein said modified Y-type zeolite is prepared by the following process, wherein the
modified Y-type zeolite is obtained hy using a NaY zeolite as starting material and through
three exchange steps in which a rare earth-containing substance and a
phosphorus-containing substance are used and three hydrothermally treating steps,
wherein, the introduction of phosphorus and rare earth is done by the exchange step;
wherein independently in each exchange step, the zeolite is added to a
phosphorus-containing exchanging solution or a rare earth-containing exchanging solution;
wherein phosphorus is introduced at any exchange step; and

wherein rare earth is introduced at any exchange step except the first exchange step.
7. The catalytic cracking catalyst according to the technical solution 6, said process further
comprises: a dealumination agent is introduced at any exchange step except the first

exchange step.

8. The catalytic cracking catalyst according to the technical solution 6, wherein said
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phosphorus-containing substance is selected from the group consisting of orthophosphoric
acid, phosphorous acid, pyrophosphoric acid, ammonium phosphate, diammonium
hydrogen phosphate, ammonium dihydrogen phosphate, aluminum phosphate, and any

mixture thereof.

9. The catalytic cracking catalyst according to the technical solution 6, wherein said rare
earth-containing substance is selected from the group consisting of lanthanum oxide,
cerium oxide, lanthanum nitrate, cerium nitrate, lanthanum chloride, cerium chloride, a

mixed rare earth nitrate, a mixed rare earth chloride, and any mixture thereof.

10. The catalytic cracking catalyst according to the technical solution 7, wherein said
dealumination agent is selected from the group consisting of ethylene diamine tetraacetic
acid, oxalic acid, citric acid, sulfosalicylic acid, fiuorosilicic acid, hydrochloric acid, sulphuric
acid, nitric acid, ammonium oxalate, ammonium fluoride, ammonium fluorosilicate,

ammonium fluoroborate, and any mixture thereof.

11. The catalytic cracking catalyst according to the technical solution 6, which further
comprises: the exchange is conducted at 60-100°C, e.g. 70-90°C for at [east 0.5 hour, e.g. 1-2

hours.

12. The catalytic cracking catalyst according to the technical solution 6, wherein each of the
hydrothermally treating steps is independently conducted at 350-650°C, e.g. 550-600°C, in a
condition of 1-100%, e.g. 70%-100% steam for at least 0.5 hour, e.g. 1-2 hours.

13. The catalytic cracking catalyst according to the technical solution 6, which is
characterized in that said process comprises the following steps:

1) a NaY zeolite is mixed with an ammonium salt, an ammonium phosphate salt and water
in a ratio of the NaY zeolite: the ammonium salt: the ammonium phosphate salt:
water=1:[0.4-1]:[0-0.04]:[5-10] to obtain a slurry, the slurry is adjusted with an inorganic
acid to a pH of 3.0-4.5, then the slurry is treated at 70-95°C for at least 0.5 hour, and then
washed, wherein, the NaY zeolite is on the dry basis, the ammonium phosphate salt is

based on the elemental phosphorus;
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2} the product obtained in the step 1) is calcined at 350-650°C in a condition of 1-100%
steam for at least 0.5 hour to obtain a firstly calcined zeolite;

3) the firstly calcined zeolite obtained in the step 2), phosphoric acid, an dealumination
agent and water are mixed in a ratio of the firstly calcined zeolite: phosphoric acid: the
dealumination agent: water=1:[0-0.04]:[0.02-0.3]:[5-10], the resulting mixture is adjusted
with an inorganic acid to a pH of 2.3-3.5, then treated at 50-90°C for at least 0.5 hour,
filtered and washed (washing temperaturez50°C), wherein, the firstly calcined zeolite is on
the dry basis, and phosphoric acid is based on the elemental phosphorus;

4) the product obtained in the step 3) is calcined at 350-650°C in a condition of 1-100%
steam for at [east 0.5 hour to obtain a secondly calcined zeolite;

5) the secondly calcined zeolite obtained in the step 4) is mixed with a rare earth chloride
and water in a ratio of the secondly calcined zeolite: the rare earth chloride:
water=1:[0.01-0.05):[5-10], the resulting mixture is then treated at 70-90°C for at least 0.5
hour, filtered and washed {washing temperature=50°C}, wherein, the secondly calcined
zeolite is an the dry basis, and the rare earth chloride is based on RE;0g3;

6) the product obtained in the step 5) is calcined at 350-650°C, in a condition of 1-100%

steam for at least 0.5 hour to obtain a modified Y-type zeolite.

14. A process for preparing a catalytic cracking catalyst, which process comprises: preparing
a slurry containing an cracking active component, a clay and a binder; and spray-drying the
prepared slurry,

wherein said cracking active component contains a modified Y-type zeclite and other
zeolite,

wherein per 100 weight parts of the catalytic cracking catalyst, using 10-70 weight parts of
the clay on the dry basis, 10-40 weight parts of the inorganic oxide binder (as oxide), 10-50
weight parts of the maodified Y-type zeolite on the dry basis, and 0-40 weight parts of other
zeolite on the dry basis to prepare said slurry,

wherein said modified Y-type zeolite is characterized by having a unit cell size of
2.420-2.440nm; as percent by weight of the modified Y-type zeolite, a phosphorus content
of 0.05-6%, a RE20; content of 0.03-10%, and an alumina content of less than 22%; and a

specific hydroxy nest concentration of less than 0.35mmol/g and more than 0.05mmol/g,
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[{Mspore-Magpec)-(17/9)%(Mggoec-Msooec)] %2000
said specific hydroxy nest concentration= {Unit:mmol/g)
36%(1-Mzogec)*xC

wherein Maggc, Msporc and Mggeee respectively represent the weight loss percents of a

sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample.

15. The process for preparing the catalytic cracking catalyst according to the technical
solution 14, wherein said unit cell size is 2.428-2.438nm; as percent by weight of the
modified Y-type zeolite, the phosphorus content is 0.1-4.5%, the RE2O3 content is 0.1-4.5%,
the alumina content is less than 21%; the specific hydroxy nest concentration is less than

0.3mmol/g and more than 0.10mmol/g.

16. The process for preparing the catalytic cracking catalyst according to any of the technical
solutions 14-15, wherein said clay is selected from the group consisting of kaolin,
metahalloysite, montmorillonite, diatomite, halloysite, saponite, rectorite, sepiolite,
attapulgite, hydrotalcite, bentonite and any mixture thereof; wherein said inorganic oxide
binder is an alumina binder, including v-alumina, n-alumina, B-alumina, x-alumina,

pseudoboehmite, boehmite, gibbsite, bayerite, and any mixture thereof.

17. The process for preparing the catalytic cracking catalyst according to any of the technical
solutions 14-16, wherein said other zeolite is selected from one or more of the following:
Y-type zeolite such as one or more zeolites of REY, REHY, DASY, USY, and REUSY;
MFI-structured zeolite such as one or more zeolites of ZSM-5, ZRP, and ZSP;

Beta zeolite; and

non-zeolite molecular sieve such as SAPO and titanium silicate molecular sieve.

18. The process for preparing the catalytic cracking catalyst according to any of the technical
solutions 14-17, wherein per 100 weight paris of the catalytic cracking catalyst, using

10-70 weight parts of the clay on the dry basis;

10-40 weight parts of the inorganic oxide binder {as oxide); and

the cracking active component

wherein said cracking active component comprises, substantially consists of or consists of:

(A) 10-50 weight parts of the modified Y-type zeolite on the dry basis;
-10 -
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(B) optionally, one or more of the following:

(1) not more than 30 weight parts of MFI-structured zeolite on the dry basis;

(2} not more than 30 weight parts of Mg-containing ultra stable Y-type zeolite on
the dry basis;

(3) on the dry basis, not more than 30 weight parts of rare earth modified,
gas-phase ultra stable Y-type zeolite and/or rare earth-containing, acid-treated,
hydrothermally dealuminated Y-type zeolite; and
{C) optionaliy,

(4) on the dry basis, not more than 30 weight parts of Y-type zeolite selected from
the group consisting of REY, REHY, DASY, USY, REUSY and any mixture thereof,

wherein, the total weight of the above (1), (2), (3) and (4) is not more than 40 weight parts.

19. The process for preparing the catalytic cracking catalyst according to any of the technical
solutions 14-18, wherein said modified Y-type zeolite is prepared according to the process

as defined in any one of the technical sglutions 6-13.

[0020] The catalytic cracking catalyst according to the present invention can show a good
stability in the catalytic cracking, and can decrease the coke yield and increase the heavy oil
utilization. The catalytic cracking catalyst according to the present invention can also show a
good diesel oil yield, a good gasoline yield, a good lower olefin{such as propylene) yield, or a

good total yield of diesel oil and gasoline
Brief Description of Drawings
[0021] Fig. 1 shows a curve for comparing the data about the crystallinity between the

Example and the Comparative Example.

[0022] Fig. 2 shows a curve for comparing the data about the crystallinity retention

between the Example and the Comparative Example.

[0023] Fig. 3 shows a curve for comparing the data about the activity between the

Example and the Comparative Example.

-11-
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[0024} Fig. 4 shows a curve for comparing the data about the coke selectivity between the

Example and the Comparative Example.

Description of Preferred Embodiments

[0025] Coke is composed of various hydrogen-deficient compounds having different
hydrogen deficiency degrees. It is a product of the hydrogen transfer reaction. Therefore, in
order to decrease the coke yield, it is required to reduce the hydrogen transfer reaction, The
main course of hydrogen transfer reaction is the adsorption, reaction and desorption of
protonated olefins on the acid sites of the zeolite. The higher the acid site density of the
zeolite is, the intenser the hydrogen transfer reaction becomes. The acid site density of the
zeolite is relevant to the SifAl ratio in the skeleton of the zeolite. The lower the SifAl ratio in
the skeleton of the zeolite, the more the number of the acid sites of aluminum-oxygen
tetrahedron, the higher the acid site density of the zeolite, the more the number of the
hydrogen transfer reactions, the quicker the hydrogen transfer reaction, and the higher the
coke yield; on the opposite, the higher the Si/Al ratio in the skeleton of the zeolite, the
lower the acid site density of the zeoclite, the less the number of the hydrogen transfer
reactions, and the lower the coke yield. Therefore, in order to ensure that an active
component has good coke selectivity, it is required for the active component to have a

lower unit cell size and a suitable acid site density.

Modified Y-type zeoclite

[0026] The present invention provides a modified Y-type zeolite, wherein

the unit cell size is 2.420-2.440nm, preferably the unit cell size is 2.428-2.438nm;

as percent by weight, the phosphorus content is 0.05-6%, preferably 0.1-4.5%;

as percent by weight, the RE;O; content is 0.03-10%, preferably 0.1-4.5%;

as percent by weight, the alumina content is less than 22%, preferably less than 21%;

the specific hydroxy nest concentration is less than 0.35mmol/g, preferably less than
0.3mmol/g and more than 0.05mmol/g, more preferably less than 0.3mmol/g and more

than 0.10mmol/g;

) ) ) [{Msggc-Ma00+c)-(17/9)%(Mgogec-Ms00-c)]x1000
said specific hydroxy nest concentration= {Unit:mmol/g)
36x%(1-Mjpgec)*xC

wherein Maggee, Mspoc and Mgogc respectively represent the weight loss percents of a

sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample.
-12-



10

15

20

25

30

[0027] Due to dealumination in the skeleton of the zeolite, the “hydroxy nest” is formed
from four adjacent Si-OH groups at its aluminum vacancy. The hydroxy nest is a defect site in
the crystal lattice of the zeolite. The number of the hydroxy nest is directly relevant to the
structure stability of the zeolite. The more the hydroxy nests, the more the aluminum
vacancies formed due to dealumination in the skeleton of the zeolite, and the poorer the
structure stability of the zeolite. The aluminum vacancies formed during the hydrothermal
or chemical dealumination of the Y-type zeolite are substituted with free silicon. The
dealumination process and the treating conditions in the modification of the zeolite have a
direct impact on the stability of the modified zeolite. It is surprisingly found by the present
inventors based on a large quantity of experiments that after the
three-exchanges-and-three-calcinations procedure, in the modified Y-type zeolite, the
aluminum vacancies formed in the skeleton dealumination can be sufficiently substituted
with silicon, the number of hydroxy nests reduce, and therefore the stability is remarkably

increased.

[0028] For the Y-type zeolite provided by the present invention, the specific hydroxy nest
concentration is characterized by a method in the literature {Liu Xing-Yun, Liu Hui, Li
Xuan-Wen, Xu Xiao-lie. Quantitative Characterization of "Hydroxyl Nests" Concentration for
the Dealuminated Y Zeolite [}]. Acta Phys. Chim. Sin., 1998, 14(12): 1094-1097). According to
that method, the specific hydroxy nest concentration is obtained by the thermo-gravimetric

analysis and calculation for the sample.

[0029] On the weight loss curve, the curve below 200°C corresponds to the weight loss
due to removal of the adsorbed water, the curve of 200°C-500°C corresponds to the weight
loss due to removal of ammonium from zeclite and removal of water from hydroxy nest,
and the curve of 500°C-800°C corresponds to the weight loss due to removal of hydroxy. The
decomposition of NH," on the Y-type zeolite produces an acidic hydroxy, and therefore, the
mole number of hydroxy corresponds to that of NHs. Thus, the mole number of hydroxy is
calculated from the weight loss curve of 500°C-800°C, and converted to the mass of NHs.
The mole number of hydroxy nest can be calculated by subtracting the amount of NH;3 from

the weight loss amount calculated from the weight loss curve of 200°C-500°C.

-13 -
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[0030] In hydroxy nest concentration calculation, one hydroxy nest disappears due to
removal of two molecules of water, and therefore its molar mass is 36; and two hydroxy

groups removes one molecuie of water, and therefore its molar mass is 9.

f0031) The present invention also provides a process for preparing the abhove-mentioned
modified Y-type zeolite, wherein said modified Y-type zeolite is obtained by using a NaY
zeolite as starting material and through a three-exchanges-and-three-calcinations procedure.
The so-called “three-exchanges-and-three-calcinations procedure” refers to a modification
process for the zeolite for short. That is to say, the zeolite as starting material is subjected to
a combination procedure comprising three exchange steps and three hydrothermally
treating steps. The introduction of phosphorus and rare earth is done by the exchange step.
The zeolite is added to a phosphorus-containing exchanging solution or a rare
earth-containing exchanging solution to conduct the exchange. Phosphorus can he
introduced at any exchange step, and can be added once or in several times. Rare earth can
be introduced at any exchange step except the first exchange step. In the exchange step, a
dealumination agent can be added to conduct a chemical dealumination for promoting the '
removal of aluminum. The chemical dealumination can be conducted at any exchange step

except the first exchange step.

[0032] In an embodiment of the present invention, said phosphorus-containing

exchanging solution contains a phosphorus-containing substance.

[0033] In an embodiment of the present invention, said rare earth-containing exchanging

solution contains a rare earth-containing substance.

[0034] In an embodiment of the present invention, said phosphorus-containing

exchanging solution does not contain any rare earth-containing substance.

[0035] in an embodiment of the present invention, said rare earth-containing exchanging

solution does not contain any phosphorus-containing substance.
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[0036] According to the present invention, the phosphorus-containing substance refer to
one or more of orthophosphoric acid, phosphorous acid, pyrophosphoric acid, ammonium
phosphate, diammonium hydrogen phosphate, ammonium dihydrogen phosphate,

aluminum phosphate.

[0037] According to the present invention, the ammonium salt refers to one or more of
ammonium chloride, ammonium nitrate, ammonium carbonate, ammonium hydrogen

carbonate, ammonium oxalate, ammonium sulfate, and ammonium hydrogen sulfate.

[0038] According to the present invention, the ammonium phosphate salt refers to one or
more of ammonium phosphate, diammonium hydrogen phosphate, and ammonium

dihydrogen phosphate.

[0039] According to the present invention, the rare earth-containing substance refers to
one or more of {anthanum oxide, cerium oxide, lanthanum nitrate, cerium nitrate,
lanthanum chloride, cerium chioride, a mixed rare earth nitrate, and a mixed rare earth

chloride.

[0040] The mixed rare earth nitrate refers to (REx1RExz...REx;)(NO3)3, wherein RE,;, REy, ...,
RE,, refer to rare earth elements, wherein n is an integer of 2 or more, the sum of

x1+x2+...+xn equals to 1.

[0041] The mixed rare earth chloride (also called as the rare earth chloride) refers to
(RE,1REy2...RE,0)Cl3, wherein RE,, REyy, ..., REy refer to rare earth elements, wherein n is an

integer of 2 or more, the sum of y1+y2+...+yn equals to 1.

[0042] According to the present invention, said dealumination agent is selected from the
group consisting of arganic acids (including ethylene diamine tetraacetic acid, oxalic acid,
citric acid, and sulfosalicylic acid), inorganic acids {including fluorosilicic acid, hydrochloric
acid, sulphuric acid, nitric acid), organic and inorganic salts {including ammonium oxalate,

ammonium fluoride, ammonium fluorosilicate, and ammonium fluoroborate).
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[0043] According to the present invention, the preparation process for said modified
Y-type zeolite comprises a NaY zeolite is used as starting material and subjected to three
exchanges and three hydrothermal treatments to obtain a modified Y-type zeolite, wherein
independently in each exchange step, the zeolite is added to a phosphorus-containing
exchanging solution or a rare earth-containing exchanging solution, the exchange is usually
conducted at 60-100°C, preferably 70-90°C for at least 0.5 hour, e.g. 1-2 hours. Phosphorus
can be introduced at any exchange step, and can be added once or in several times. Rare
earth can be introduced at any exchange step except the first exchange step. A chemical
dealumination agent can be introduced at any exchange step except the first exchange step.
Each of the hydrothermally treating steps is independently conducted at 350-650°C, e.g.
550-600°C, in a condition of 1-100%, e.g. 70%-100% steam for at least 0.5 hour, e.g. 1-2

hours.

[0044] In an embodiment of the process according to the present invention, the exchange

is conducted at 60-100°C, e.g. 60-95°C, such as 70-90°C.

[0045] In an embodiment of the process according to the present invention, the exchange

is conducted for 0.5-5 hours, e.g. 1-2 hours.

[0046] In an embodiment of the process according to the present invention, the

hydrothermal treatment is conducted at 350-650°C, e.g. 550-600°C.

[0047] In an embodiment of the process according to the present invention, the

hydrothermal treatment is conducted in a condition of 1-100%, e.g. 70%-100% steam.

[0048] In an embodiment of the process according to the present invention, the

hydrothermal treatment is conducted for at least 0.5 hour, e.g. 1-2 hours.

[0049] According to the process of the present invention, the pH value of the liquid to
which has been added the phosphorus-containing exchanging solution or the rare
earth-containing exchanging solution in the exchange step can be adjusted with an

inorganic acid, for example, to 2-5, e.g. 2.4-4. Said inorganic acid is selected from the group
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consisting of hydrochloric acid, sulphuric acid, nitric acid and any mixture thereof.

[0050] The preferable preparation process can comprise the following steps:

1) a NaY zeolite is (at least) mixed with an ammonium salt, an ammonium phosphate salt
and water in a ratio of the NaY zeolite: the ammonium salt: the ammonium phosphate salt:
water=1:[0.4-1]:[0-0.04):[5-10] to obtain a slurry, the slurry is adjusted with an inorganic
acid to a pH of 3.0-4.5, then the slurry is treated at 70-95°C for at least 0.5 hour, and then
washed, wherein, the NaY zeolite is on the dry basis, the ammonium phosphate salt is
based on the elemental phosphorus;

2} the product obtained in the step 1) Is calcined at 350-650°C in a condition of 1-100%
steam for at least 0.5 hour to obtain a firstly calcined zeolite;

3) the firstly calcined zeolite obtained in the step 2) is (at least) mixed with phosphoric acid,
an dealumination agent and water in a ratio of the firstly calcined zeolite: phosphoric acid:
the dealumination agent: water=1:0-0.04:0.02-0.3:5-10, the resulting mixture is adjusted
with an inorganic acid to a pH of 2.3-3.5, then treated at 50-90°C for at least 0.5 hour,
filtered and washed (washing temperature250°C), wherein, the firstly calcined zeolite is on
the dry basis, and phosphoric acid is based on the elemental phosphorus;

4) the product obtained in the step 3} is calcined at 350-650°C in a cendition of 1-100%
steam for at least 0.5 hour to obtain a secondly calcined zeolite;

5} the secondiy calcined zeolite obtained in the step 4) is mixed with a rare earth chloride
and water in a ratio of the secondly calcined zeolite: the rare earth chloride:
water=1:[0.01-0.05):[5-10], the resulting mixture is then treated at 70-90°C for at least 0.5
hour, filtered and washed (washing temperature250°C}, wherein, the secondly calcined
zeolite is on the dry basis, and the rare earth chloride is based on RE;03;

6) the product obtained in the step 5) is calcined at 350-650°C, in a condition of 1-100%

steam for at least 0.5 hour to obtain a modified Y-type zeolite.

[0051] According to the present invention, a modified zeolite having a high SifAl ratio and
small unit cell size is prepared with the “three-exchanges-and-three-caicinations procedure”.
The calcination conditions are mild. The aluminum vacancies formed after dealumination
can be substituted with silicon as much as possible. Therefore, the modified zeolite has few

defects in crystal lattices, and has a good structure-hydrothermal stability, a good
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Cracking active component

[0052] In the catalytic cracking catalyst of the present invention, besides the modified
Y-type zeolite, other zeolite can be optionally present, usually in an amount of not more
than 40wt%, e.g. 0.5-40wt%, such as 0.5-30wt%. Said other zeolite can be selected from the
group consisting of other Y-type zeolite conventionally used in the catalytic cracking catalyst,

MFi-structured zeolite, Beta zeolite, non-zeolite molecular sieve, and any mixture thereof.

[0053] In the catalytic cracking catalyst of the present invention, the total content of other

zeolite is not mare than 40wt%.

[0054] Said other Y-type zeolite is selected from other Y-type zeolites except the modified
Y-type zeolite of the present invention, e.g. REY, REHY, DASY, USY, REUSY and any mixture

thereof.

[0055] In an embodiment, REY, REHY and REUSY zeolites have rare earth content of more

than 10wt%. In an embodiment, DASY zeolite has rare earth content of less than 10wt%.

[0056] Said MFl-structured zeolite is, for example, ZSM-5, ZRP, ZSP and any mixture

thereof.

[0057] Said non-zeolite molecular sieve is, for example, SAPQ, titanium silicate molecular

sieve and any mixture thereof.

[0058] In an embodiment, said other zeolite includes REY zeolite and/or DASY zeolite. In
an embodiment, hased on the weight of said catalytic cracking catalyst, on the dry basis,

said catalytic cracking catalyst contains 3-15wt% of REY zeolite and/or DASY zeolite.

[0059] In an embodiment, said other zeolite includes at least one of {1) Mg-containing
ultra stable Y-type zeolite, (2) MFI-structured zeolite, and (3) rare earth modified, gas-phase

ultra stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally
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dealuminated Y-type zeolite, which is present in an amount of 0.5-30wt%, based on the
weight of said catalytic cracking catalyst, on the dry basis; in a further embodiment, said

other zeolite further comprises REY zeolite and/or DASY zeolite.

[0060] In an embodiment, said other zeolite includes only one of {1) Mg-containing ultra
stable Y-type zeolite, (2) MFI-structured zeolite, and (3) rare earth modified, gas-phase ultra
stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally
dealuminated Y-type zeolite, which is present in an amount of 0.5-30wt%, based on the
weight of said catalytic cracking catalyst, on the dry basis; In a further embodiment, said

other zeolite further comprises REY zeolite and/or DASY zeolite.

[0061] Inan embodiment, said other zeolite does not include any one of (1} Mg-containing
ultra stable Y-type zeolite, (2) MFI-structured zeolite, and (3) rare earth modified, gas-phase
ultra stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally

dealuminated Y-type zeolite.

Mg-containing ultra stable Y-type zeolite

[0062] In the catalytic cracking catalyst of the present invention, said Mg-containing ultra
stable Y-type zeolite has a Mg content as MgQ of 0.1-25wt%, preferably 0.5-25wt%. This
zeolite can be prepared according to the conventional methods. One method comprises
dispersing a magnesium compound (e.g. at least one of magnesium oxide, magnesium
chloride, magnesium sulfate and magnesium nitrate), which is dissolved or sufficiently
wet-grounded, evenly into a slurry of an ulira stable Y-type zeolite (USY zeolite), optionally
adding agueous ammonia thereto, mixing homogenously, drying and calcining. The other
method can for example comprise dispersing an ultra stable Y-type zeolite {USY zeolite),
which is sufficiently wet-grounded, evenly into a sclution containing a magnesium
compound (e.g. at least one of magnesium chioride, magnesium sulfate and magnesium
nitrate), adding agueous ammonia thereto, mixing homogenously, filtering, washing, drying

and calcining.

[0063] For the specific examples of the above preparation methods for Mg-containing

ultra stable Y-type zeolite, for example, a reference can be made to CN1297018A or
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CN1157465C, in particular, Exampies 1-5.

MFI-structured zeolite
[0064] MFI-structured zeolite can be commercially available or prepared according to the
known method, The example of MFI-structured zeolite comprises ZSM-5, ZRP, ZSP and any

mixture thereof.

[0065] In an embodiment, said MFl-structured zeolite has an anhydrous chemical
composition expression formula based on the weight ratic as oxide:
(0-0.3)Na,0-(0.5-5.5)Al;03-(1.3-10)P205-{0.7-15} M1,0,-(0.01-5)M2,,0,-(70-97)Si0,, wherein,
M1 is Fe, Co or Ni, x represents the atom number for M1, y represents the oxygen number
required for satisfying the oxidation state of M1, M2 is selected from the group consisting of
Zn, Mn, Ga or Sn, m represents the atom number of M2, n represents the oxygen nurmnber

required for satisfying the oxidation state of M2.

[0066] In a preferable embodiment, said MFI-structured zeolite has a formula based on
the oxide weight ratio of
(0-0.2)Na0-(0.9-5.0)Al,05+(1.5-7)P205-(0.9-10}M1,0,-(0.5-2) M 2 ,0,,-(82-92)Si05. In a

preferable embodiment, M1 is Fe, and M2 is Zn.

[0067] According to the present invention, for the specific preparation method for said
MFI-structured zeolite, a reference can be made to CN1611299A, in particular, Examples

1-11.

Rare earth modified, gas-phase ultra stable Y-type zeolite and/or rare earth-containing,
acid-treated, hydrothermally dealuminated Y-type zeolite

[0068) Rare earth modified, gas-phase ultra stable Y-type zeolite can be commercially
available or prepared according to the known method. For example, said rare earth
modified, gas-phase ultra stable Y-type zeolite can be prepared as follows. Under stirring, a
rare earth-containing Y-type zeolite is contacted with tetrachlorosilane at 100-500°C for
0.1-10 hours, wherein the weight ratio of said rare earth-containing Y-type zeolite to

tetrachlorosilane is 1:0.05-0.5. For the specific preparation method for said rare earth
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modified, gas-phase ultra stable Y-type zeolite, a reference can be made to CN1683244A or

CN1286721C, in particular, Examples 5, 6 and 8.

[0069] Rare earth-containing, acid-treated, hydrothermally dealuminated Y-type zeolite
can be commercially available or prepared according to the known method. For example,
said rare earth-containing, acid-treated, hydrothermally dealuminated Y-type zeolite can be
prepared as follows. An ultra stable Y-type zeolite and an acid solution [having a
concentration of 0.01-2N) in a solid-liquid weight ratio of 4-20 are thoroughly mixed at
20-100°C. After treating for 10-300 minutes, the mixture is washed and filtered. To the
resulting material is added a rare earth salt soiution to exchange with rare earth ions. After
exchanging, the resulting material is successively subjected to washing, filtering and drying.
For the specific preparation method for said rare earth-containing, acid-treated,
hydrothermally dealuminated Y-type zeolite, a reference can be made to CN1958452A or

CN100497175C, in particular Examples 1-6.

Clay

{0070] According to the present invention, said clay can be a clay conventionally used in
the catalytic cracking catalyst, for example, can be one or more of kaolin, metahalloysite,
montmorillonite, diatomite, halloysite, saponite, rectorite, sepiolite, attapulgite,

hydrotalcite and bentonite.

Binder

[0071} According to the present invention, said binder is one or more of the inorganic
oxide binders conventionally used in the catalytic cracking catalyst, preferably alumina
binder. Said alumina binder is selected from the group consisting of alumina of various
forms conventionally used in the cracking catalyst, hydrated alumina, alumina sol and any
mixture thereof, for example, selected from the group consisting of y-alumina, n-alumina,
B-alumina, y-alumina, pseudoboehmite, boehmite, gibbsite, bayerite, and any mixture

thereof, preferably a dual-aluminum binder of pseudoboehmite and alumina sol.

Catalytic cracking catalyst

[0072] In an embodiment, the catalytic cracking catalyst of the present invention
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comprises a cracking active component, 10wt%-70wt% of a clay on the dry basis, and
10wt%-40wt% of an inorganic oxide binder {as oxide), relative to the weight of the catalytic
cracking catalyst, wherein said cracking active component contains, relative to the weight of
the catalytic cracking catalyst, 10wt%-50wt% of a modified Y-type zeolite on the dry basis
and 0-40wt% of other zeolite on the dry basis.

{0073] In an embodiment, the catalytic cracking catalyst of the present invention, relative
to the weight of the catalytic cracking catalyst, comprises:

10wt%-70wt% of a clay on the dry basis;

10wt%-40wt% of an inorganic oxide binder (as oxide); and

a cracking active component

wherein said cracking active component comprises, substantially consists of or consists of:
(A) 10wt%-50wt% of the modified Y-type zeolite on the dry basis;

{B) optionally, one or more of the following:

(1) not more than 30wt% of MFI-structured zeolite on the dry basis;

(2) not more than 30wt% of Mg-containing ultra stable Y-type zeolite on the dry
basis;

(3) on the dry basis, not more than 30wt% of rare earth modified, gas-phase ultra
stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally
dealuminated Y-type zeolite; and
(C) optionalily,

(4} on the dry basis, not more than 30wt% of Y-type zeolite selected from the
group consisting of REY, REHY, DASY, USY, REUSY and any mixture thereof, (excluding the
above Mg-containing ultra stable Y-type zeolite, rare earth modified, gas-phase ultra stable
Y-type zeolite and rare earth-containing, acid-treated, hydrothermally dealuminated Y-type
zeolite)

wherein, the total weight of the above (1), (2), (3) and {4} is not more than 40wt%.

[0074] In a further embodiment, the content of said clay is 20-40wt%, e.g. 28-35wt%.

[0075] In a further embodiment, the content of said inorganic oxide binder is 15-35wt%,

e.g. about 30wt%.

-272-



10

15

20

25

30

[0076] In a further embodiment, the content of said modified Y-type zeolite is 5-40wt%.

[0077] In a further embodiment, the content of said MFI-structured zeolite is 0.5-30wt%,
e.g. 2-28wt%, e.g. 2-25wt%, e.g. 2-15wt%.

[0078] In a further embodiment, the content of said Mg-containing ultra stable Y-type

zeolite is 0.5-30wt%, e.g. 1-28wt%, e.g. 1-25wt%, e.g. 1-22wt%.

[0079] In a further embodiment, the content of said rare earth modified, gas-phase ultra

stable Y-type zeolite is 0.5-30wt%, e.g. 2-28wt%, e.g. 2-25wt%, e.g. 2-15wt%, e.g. 2-13wt%.

[0080] In a further embodiment, the content of said rare earth-containing, acid-treated,

hydrothermally dealuminated Y-type zeolite is 0.5-30wt%, e.g. 2-30wt%.

[0081] In & further embodiment, the content of one or more zeolites of REY, REHY, DASY,
USY, and REUSY is 0.5-30wt%, e.g. 2-28wt%, e.g. 2-25wit%, e.g. 2-15wt%, e.g. 3-13wi%.

[0082] In a further embodiment, said cracking active component comprises 2-20wt%, e.g.,

5-12wt% of REY zeolite on the dry basis.

[0083] In a further embodiment, said cracking active component comprises 2-20wt%, e.g.

3-13wi% of DASY zeolite on the dry basis.

[0084] In a further embodiment, said cracking active component, relative to the weight of
the catalytic cracking catalyst, consists of:

(A) 10wWt%-50wt% of the modified Y-type zeolite on the dry basis,

(B} not more than 30wt% of Mg-containing ultra stable Y-type zeolite on the dry basis,

{C) not more than 30wt% of REY zeolite on the dry basis,

wherein [the content of (B) x the content of (C)] / [the content of (A) x the content of (A)] <
0.01 or > 0.4; preferably, said REY zeoclite has a rare earth content of > 10 wt%, and said

Mg-containing ultra stable Y-type zeolite has a rare earth content of < 4 wi%.
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[0085] In a further embodiment, said cracking active component, relative to the weight of
the catalytic cracking catalyst, consists of:

{A) 10wt%-50wt% of the modified Y-type zeolite on the dry basis,

(B) not more than 30wi% of MFI-structured zeolite on the dry basis,

(C) not more than 30wt% of REY zeolite on the dry basis,

wherein [the content of (B) x the content of (C)] / [the content of (A) x the content of (A)] >

0.45 e.g. > 0.5; preferably, said REY zeolite has a rare earth content of > 10 wt%.

The preparation process for the catalytic cracking catalyst

[0086] According to the present invention, the preparation method for the catalytic
cracking catalyst comprises providing the cracking active component that includes said
modified Y-type zeolite, mixing and pulping the cracking active component, the clay and the
inorganic oxide binder, and then spray-drying. The preparation process has been discussed
in detail in CN1098130A, CN1362472A, CN1727442A, CN1132898C, and CN1727445A, the

contents of which are incorporated by reference herein.

[0087] In the present invention, including the following Examples and Comparative
Examples, the analysis methods for the zeolite are as follows:

The element content is determined by X-ray fluorescence spectrometry.

The unit cell size and the crystallinity are determined by X-ray diffraction according to the
standard methods RIPP145-90 and RIPP146-90 respectively. A reference can be made to
Analytical Methods in Petrochemical Industry (RIPP Experiment Technigues}), Yang Cuiding
et.al, Science Press, 1990.

The crystallinity retention is the ratio of the crystallinity of the sample after the aging
freatment to that before the aging treatment.

In the determination of the specific hydroxy nest concentration, the thermogravimetric
analysis data of the zeolite is measured with a TAQ5000IR thermogravimetric analyzer at a
constant nitrogen flow with a temperature rise at a speed of 10 °C/min to 800 °C according
to the TGA analysis procedure, and the specific hydroxy nest concentration is calculated out.
The light oil micro-activity (MA) is measured according to the standard method RIPP92-90,

wherein 2g of the zeolite is used.
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Examples
[0088] Hereinafter, the present invention will be further illustrated with the examples, but

the scope of the present invention is not limited thereto.

[0089] [n the Examples and Comparative Examples, the used starting materials are
commercially available and their detailed specifications are as follows.

NaY zeolite, industrial product, Si/Al ratio>4.7, crystallinity>85%, available from Sinopec
Catalyst Company, Qilu Division.

Mixed rare earth chloride {also hereinafter called as rare earth chioride for short), industrial
grade, specification: per liter, containing lanthanum {as La,03) 153g and cerium (as Ce;03)
69g, available from Sinopec Catalyst Company, Qilu Division.

Ammonium sulfate, chemically pure

Phosphoric acid, chemically pure

Ammonium dihydrogen phosphate, chemically pure

Sulphuric acid, chemically pure

Oxalic acid, solid, chemically pure

Fluorosilicic acid, chemically pure

Hydrochloric acid, chemically pure

The preparation of the modified Y-type zeolite

Example 1

[0090] First exchanging: using a NaY zeolite as starting material and exchanging with an
ammonium sulfate solution. The NaY zeolite, ammonium sulfate and water were mixed in a
weight ratio of the NaY zeolite {dry basis): ammonium sulfate: water = 1:1:8. The resulting
mixture was adjusted with sulfuric acid to a pH of 3.5, exchanged at 85°C for 1 hour, filtered,
and washed with deionized water to obtain a firstly exchanged zeolite.

[0091] First calcination: a hydrothermal calcination treatment. The firstly exchanged
zeolite was calcined at 580°C in a condition of 100% steam for 2 hours to obtain a firstly
calcined zeolite.

[0092] Second exchanging: treating the firstly calcined zeolite with a solution containing
rare earth. The firstly calcined zeolite, rare earth chloride and water were mixed in a weight

ratio of firstly calcined zeolite {dry basis}): rare earth chloride (as RE;O3): water = 1:0.042:8.
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The mixture was subjected to an exchange at 70°C for 1 hour, filtered, washed with
deionized water (water temperaturez50°C} to obtain a secondly exchanged zeolite.

[0093] Second calcination: a hydrothermal calcination treatment. The secondly exchanged
zeolite was caicined at 580°C in a condition of 100% steam for 2 hours to obtain a secondly
calcined zeolite.

[0094] Third exchanging: treating the secondly calcined zeolite with a solution containing
phosphoric acid and oxalic acid. The secondly calcined zeolite, phosphoric acid, oxalic acid
(containing two molecules of crystalline water) and water were mixed in a weight ratio of
secondly calcined zeolite (dry basis):phosphoric acid {as P):oxalic acid (containing two
molecules of crystalline water):water=1:0.014:0.14:8. The resulting mixture was adjusted
with sulfuric acid to a pH of 2.8. The mixture was subjected to an exchange at 70°C for 1
hour, filtered, washed with deionized water (water temperature=50°C) to obtain a thirdly
exchanged zeolite.

[0095] Third calcination: a hydrothermal calcination treatment. The thirdly exchanged
zeolite was calcined at 550°C in a condition of 70% steam for 2 hours to obtain a thirdly
calcined zeolite, i.e. the modified zeolite, also called as zeolite Al.

[0096] The properties of the modified zeolite were listed in Table 0.

Comparative Example 1

[0097] The preparation of the modified Y-type zeolite according to the method disclosed
in CN 101537366A

[0098] 100g (dry basis} of NaY zeolite was poured into a reactor containing 1000g of an
exchanging solution (containing 0.63% (NH4);HPQO, and 8.58% NH4Cl). The exchange was
conducted at 90°C for 1 hour, while the solution was controlled at a pH=3.0-3.5 in the
exchange course. After the exchange, the filtration and washing was conducted. After
calcining at 730°C in a condition of 100% steam for 2 hours, the calcined substance was
poured into a reactor containing 1200g of an exchanging solution (containing 0.58% RECI3
and 6.8% NH4Cl). The exchange was conducted at 90°C for 1 hour, while the solution was
controlled at a pH=6.0-6.5 in the exchange course. After the exchange, the filtration and
washing was conducted. After calcining at 730°C in a condition of 70% steam for 2 hours, a
modified zeolite, i.e. zeolite B1, was obtained. The properties of the modified zeolite were

listed in Table 0.
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Example 2

[0099] First exchanging: using a NaY zeolite as starting material and exchanging with an
ammonium chloride solution. The NaY zeolite, ammonium chloride and water were mixed
in a weight ratio of the NaY zeolite {dry basis); ammonium chloride: water = 1:0.8:8. The
resulting mixture was adjusted with hydrochloric acid to a pH of 4.0, exchanged at 90°C for
1 hour, filtered, and washed with deionized water to obtain a firstly exchanged zeolite.
[0100] First calcination: a hydrothermal calcination treatment. The firstly exchanged
zeolite was calcined at 550°C in a condition of 80% steam for 2 hours to obtain a firstly
calcined zeolite.

[0101] Second exchanging: treating the firstly calcined zeolite with a solution containing
phosphoric acid and fluorosilicic acid. The firstly calcined zeolite, phosphoric acid,
fluorosilicic acid, and water were mixed in a weight ratio of firstly calcined zeolite (dry
basis):phosphoric acid {as P):fluorosilicic acid: water = 1:0.01:0.03:8. The mixture was
adjusted with hydrochloric acid to a pH of 2.8, and subjected to an exchange at 70°C for 1
hour, filtered, washed with deionized water {water temperature=50°C) to obtain a secondly
exchanged zeolite.

[0102] Second calcination: a hydrothermal calcination treatment. The secondly exchanged
zeolite was calcined at 550°C in a condition of 70% steam for 2 hours to obtain a secondly
calcined zeolite.

[0103] Third exchanging: treating the secondly calcined zeolite with a soluticn containing
rare earth. The secondly calcined zeolite, rare earth chloride and water were mixed in a
weight ratio of secondly calcined zeolite (dry basis):rare earth chloride {as RE»Os;):
water=1:0.03:8. The mixture was subjected to an exchange at 70°C for 1 hour, filtered,
washed with deionized water {(water temperature250°C) to obtain a thirdly exchanged
zeolite.

[0104} Third calcination: a hydrothermal calcination treatment. The thirdly exchanged
zeolite was calcined at 550°C in a condition of 100% steam for 2 hours to obtain a thirdly
calcined zealite, i.e. the maodified zeolite, also called as zeolite A2.

[0105] The properties of the modified zeclite were listed in Table 0.

Comparative Example 2
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[0106] The preparation of the modified Y-type zeolite according to the method disclosed
in CN 101537366A

[0107] 100g (dry basis) of NaY zeolite was poured into a reactor containing 900g of an
exchanging solution (containing 0.45% (NH4),HPQO, and 10% (NH4},504). The exchange was
conducted at 90°C for 1 hour, while the solution was controlled at a pH=3.0-3.5 in the
exchange course. After the exchange, the filtration and washing was conducted. After
calcining at 730°C in a condition of 100% steam for 2 hours, the calcined substance was
poured into a reactor containing 1200g of an exchanging solution (containing 0.44% RECIs
and 7.8% NH4Cl). The exchange was conducted at 90°C for 1 hour, while the solution was
controlled at a pH=6.0-6.5 in the exchange course. After the exchange, the filtration and
washing was conducted. After calcining at 730°C in a condition of 100% steam for 2 hours, a
modified zeolite, i.e. zeolite B2, was obtained. The properties of the modified zeolite were

listed in Table O.

Example 3

[0108] First exchanging: using a NaY zeolite as starting material and exchanging with an
ammonium sulfate solution. The NaY zeolite, ammonium sulfate and water were mixed in a
weight ratio of the NaY zeolite {dry basis): ammonium sulfate: water =1:1:10. The resulting
mixture was adjusted with sulfuric acid to a pH of 3.5, exchanged at 90°C for 2 hours,
filtered, and washed with deionized water to obtain a firstly exchanged zeolite.

[0109] First calcination: a hydrothermal calcination treatment. The firstly exchanged
zeolite was calcined at 580°C in a condition of 100% steam for 2 hours to obtain a firstly
calcined zeolite.

[0110] Second exchanging: treating the firstly calcined zeolite with a solution containing a
phosphate salt and oxalic acid. The firstly calcined zeolite, diammonium hydrogen
phosphate, oxalic acid and water were mixed in a weight ratio of firstly calcined zeolite (dry
basis}:diammonium hydrogen phosphate {as P):oxalic acid :water = 1:0.018:0.18:8. The
resulting mixture was adjusted with hydrochloric acid to a pH of 2.8, and subjected to an
exchange at 70°C for 1 hour, filtered, washed with deionized water (water
temperaturez50°C) to obtain a secondly exchanged zeolite.

[0111] Second calcination: a hydrothermal calcination treatment. The secondly exchanged

zeolite was calcined at 550°C in a condition of 100% steam for 2 hours to obtain a secondly
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calcined zeolite.

[0112} Third exchanging: treating the secondly calcined zeolite with a solution containing
rare earth. The secondly calcined zeolite, rare earth chloride and water were mixed in a
weight ratio of secondly calcined zeolite (dry basis):rare earth chloride {as RE,Os):
water=1:0.02:8. The mixture was subjected to an exchange at 85°C for 1 hour, filtered,
washed with deionized water (water temperature250°C) to obtain a thirdly exchanged
zeolite.

[0113] Third calcination: a hydrothermal calcination treatment. The thirdly exchanged
zeolite was calcined at 580°C in a condition of 100% steam for 2 hours to obtain a thirdly
calcined zeolite, i.e. the modified zeolite, also called as zeolite A3.

[0114]) The properties of the modified zeolite were listed in Table 0.

Comparative Example 3

[0115] The preparation of the modified Y-type zeolite according to the method dis.closed
in CN 101537366A

[0116) 100g {dry basis} of NaY zeolite was poured into a reactor containing 1000g of an
exchanging solution {containing 0.63% (NH4);HPO, and 10% (NH,);504). The exchange was
conducted at 90°C for 1 hour, while the solution was controlled at a pH=3.0-3.5 in the
exchange course. After the exchange, the filtration and washing was conducted. After
calcining at 670°C in a condition of 100% steam for 2 hours, the calcined substance was
poured into a reactor containing 400g of an exchanging solution (containing 0.60% RECI3
and 6.8% NH,Cl). The exchange was conducted at 90°C for 1 hour, while the solution was
controlled at a pH=6.0-6.5 in the exchange course. After the exchange, the filtration and
washing was conducted. After calcining at 700°C in a condition of 100% steam for 2 hours, a
modified zeolite, i.e. zeolite B3, was obtained. The properties of the modified zeolite were

listed in Table 0.

Example 4

[0117] First exchanging: using a NaY zeolite as starting material and exchanging with a
solution containing a phosphate salt and ammonium sulfate. The NaY zeolite, ammonium
dihydrogen phosphate, ammonium sulfate and water were mixed in a weight ratio of NaY

zeolite (dry basis):ammonium dihydrogen phosphate(as P):ammonium sulfate: water
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=1:0.05:1:8. The resulting mixture was adjusted with sulfuric acid to a pH of 3.0, exchanged
at 85°C for 1 hour, filtered, and washed with deionized water to obtain a firstly exchanged
zeolite.

[0118] First calcination: a hydrothermal calcination treatment. The firstly exchanged
zeolite was calcined at 580°C in a condition of 100% steam for 2 hours to obtain a firstly
calcined zeolite.

[0119] Second exchanging: treating the firstly calcined zeolite with a solution containing
oxalic acid. The firstly calcined zeolite, oxalic acid and water were mixed in a weight ratio of
firstly calcined zeolite (dry basis):oxalic acid: water =1:0.2:8. The resulting mixture was
adjusted with sulfuric acid to a pH of 2.4, and subjected to an exchange at 70°C for 1 hour,
filtered, washed with deionized water (water temperaturez50°C) to obtain a secondly
exchanged zeolite.

[0120] Second calcination: a hydrothermal calcination treatment. The secondly exchanged
zeolite was calcined at 550°C in a condition of 100% steam for 2 hours to obtain a secondly
calcined zeolite.

[0121] Third exchanging: treating the secondly calcined zeolite with a solution containing
rare earth. The secondly calcined zeolite, rare earth chloride and water were mixed in a
weight ratio of secondly calcined zeolite (dry basis)rare earth chloride (as RE;QOs):
water=1:0.01:8. The mixture was subjected to an exchange at 70°C for 1 hour, filtered,
washed with deionized water {water temperature=50°C) to obtain a thirdly exchanged
zeolite.

[0122] Third calcination: a hydrothermal calcination treatment. The thirdly exchanged
zeolite was calcined at 600°C in a condition of 100% steam for 2 hours to obtain a thirdly
calcined zeolite, i.e. the modified zeolite, also called as zeoclite A4.

[0123] The properties of the modified zeolite were listed in Table 0.

Comparative Example 4

[0124] The preparation of the modified Y-type zeolite according to the method disclosed
in CN 101537366A

[0125] 100g (dry basis) of NaY zeolite was poured into a reactor containing 1200g of an
exchanging solution {containing 1.22% (NH4);:HPQO4 and 8.58% NH4Cl). The exchange was

conducted at 90°C for 1 hour, while the solution was controlled at a pH=5.0-5.5 in the
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exchange course. After the exchange, the filtration and washing was conducted. After
calcining at 620°C in a condition of 100% steam for 2 hours, the calcined substance was
poured into a reactor containing 1200g of an exchanging solution (containing 0.055% RECIl3
and 7.8% NH,Cl). The exchange was conducted at 90°C for 1 hour, while the solution was
controlled at a pH=6.0-6.5 in the exchange course. After the exchange, the filtration and
washing was conducted. After calcining at 700°C in a condition of 100% steam for 2 hours, a
modified zeolite, i.e. zeolite B4, was obtained. The properties of the modified zeolite were

listed in Table O,

Example 5

[0126] First exchanging: using a NaY zeolite as starting material and exchanging with a
solution containing a phosphate salt and ammonium sulfate. The NaY zeolite, ammonium
dihydrogen phosphate, ammonium sulfate and water were mixed in a weight ratio of NaY
zeolite (dry basis):ammonium dihydrogen phosphate(as P):ammonium sulfate: water
=1:0.05:1:8. The resulting mixture was adjusted with sulfuric acid to a pH of 3.5, exchanged
at 90°C for 2 hours, filtered, and washed with deionized water to obtain a firstly exchanged
zeolite.

f0127] First calcination: a hydrothermal calcination treatment. The firstly exchanged
zeolite was calcined at 550°C in a condition of 100% steam for 2 hours to obtain a firstly
calcined zeolite.

[0128]) Second exchanging: treating the firstly calcined zeolite with a solution containing
rare earth. The firstly calcined zeolite, rare earth chloride and water were mixed in a weight
ratio of firstly calcined zeolite (dry basis):rare earth chloride {as RE;Q3): water=1:0.02:8. The
resulting mixture was subjected to an exchange at 85°C for 1 hour, filtered, washed with
deionized water (water temperature=50°C) to obtain a secondly exchanged zeolite.

[0129] Second calcination: a hydrothermal calcination treatment. The secondly exchanged
zeolite was calcined at 580°C in a condition of 100% steam for 2 hours to obtain a secondly
calcined zeolite.

[0130] Third exchanging: treating the secondly calcined zeolite with a solution containing a
phosphate salt and fluorosilicic acid. The secondly calcined zeolite, diammonium hydrogen
phosphate, fluorosilicic acid and water were mixed in a weight ratio of secondly calcined

zeolite (dry basis):diammonium hydrogen phosphate(as P):fluorosilicic acid: water
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=1:0.006:0.03:8. The mixture was adjusted with hydrochloric acid to a pH of 3.0, and
subjected to an exchange at 70°C for 1 hour, filtered, washed with deionized water (water
temperature250°C) to obtain a thirdly exchanged zeolite.

[0131] Third calcination: a hydrothermai calcination treatment. The thirdly exchanged
zeolite was calcined at 550°C in a condition of 100% steam for 2 hours to obtain a thirdly
calcined zeolite, i.e. the modified zeolite, also called as zeolite A5.

[0132] The properties of the modified zeolite were listed in Table 0.

Comparative Example 5

[0133] The preparation of the modified Y-type zeolite according to the method disclosed
in CN 101537366A

[0134] 100g (dry basis) of NaY zeolite was poured into a reactor containing 1500g of an
exchanging solution {containing 1.11% (NH4):HPO4; and 8.58% NH,Cl). The exchange was
conducted at 90°C for 1 hour, while the solution was controlled at a pH=4.5-5.0 in the
exchange course. After the exchange, the filtration and washing was conducted. After
calcining at 650°C in a condition of 100% steam for 2 hours, the calcined substance was
poured into a reactor containing 1000g of an exchanging solution {containing 0.35% RECI3
and 7.8% NH4Cl}. The exchange was conducted at 90°C for 1 hour, while the solution was
controlled at a pH=6.0-6.5 in the exchange course. After the exchange, the filtration and
washing was conducted. After calcining at 700°C in a condition of 70% steam for 2 hours, a
modified zeolite, i.e. zeolite B-5, was obtained. The properties of the modified zeolite were

listed in Table 0.
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Table O

Weight loss percent Element Mass Fraction Specific
hydroxy nest
Unit cell size {(nm) Crystallinity
Mazo0"c Msan’c Msoo°c P REz03 AlLO; concentration
(mmol/g)
Example 1 2.438 13.2% 14.63% 15.23% 56% 1.0% 3.6% . 18.5% 0.17
Comparative
2.440 12.79% 14.45% 14.97% 45% 1.1% 3.4% 23.1% 0.48
Example 1
Example 2 2.437 10.45% 11.79% 12.36% 57% 0.7% 2.7% 19.2% 0.14
Comparative
2.438 11.30% 13.00% 13.51% 45% 0.6% 2.5% 23.4% 0.51
Example 2
Example 3 2.436 14.46% 15.86% 16.43% 55% 1.5% 1.6% 17.9% 0.19
Comparative
2.438 13.51% 15.20% 15.73% 49% 1.3% 1.54% 23.1% 0.45
Example 3
Example 4 2.429 12.62% 14.07% 14.58% 53% 4.0% 0.4% 18.2% 0.29
Comparative
2.438 14,98% 16.56% 17.10% 48% 4.0% 0.3% 22.6% 0.38
Example 4
Example 5 2.435 12.57% 14.07% 14.66% 55% 4.5% 1.7% 16.8% 0.22
Comparative
2.438 13.18% 14.83% 15.37% 47% 4.5% 1.8% 22.3% 0.43

Example 5
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Example 6

[0135} This example illustrates the structure-hydrothermal stability of the modified Y-type
zeolite of the present invention,.

[0136] The samples prepared in the above Examples 2-4 and Comparative Examples 2-4
were subjected to hydrothermal aging treatments for 2 hours, 4 hours, 8 hours, 17 hours
and 24 hours at 800°C in a condition of 100% steam. The aged samples were measured for
crystallinity. The results of crystallinity and crystallinity retention were shown in Table 1, Fig.
1, Table 2 and Fig. 2 respectively.

[0137] It can be seen from the above results that the modified Y-type zeolites of the
present invention had better crystallinity and better crystallinity retention after the
hydrothermal aging treatment under different aging levels than those in the Comparative
Examples.

[0138] This example demonstrated that the modified Y-type zeolites of the present

invention had better structure-hydrothermal stability.

Example 7

[0139] This example illustrates the activity-hydrothermal stability and the coke selectivity
of the modified Y-type zeolite of the present invention.

(0140] The samples prepared in the above Examples 2 and 5 and Comparative Examples 2
and 5 were subjected to hydrothermal aging treatments for 2 hours, 4 hours, 8 hours, 17
hours and 24 hours at 800°C in a condition of 100% steam. The aged samples were
measured for light oil micro-activity {MA) and coke vield, and the coke yield/conversion
ratio was also calculated. The results were shown in Table 3, Fig. 3, Table 4 and Fig. 4
respectively.

[0141] It can be seen from Table 3 and Fig. 3 that, in the rigorous hydrothermal
environment, the modified Y-type zeolites of the present invention, after the initial quick
deactivation, promptly reached balanced activities, which were remarkably higher than
those in Comparative Examples. This showed that the zeolite of the present invention had
better activity-stability.

[0142] It can be seen from Table 4 and Fig. 4 that the modified Y-type zeolites of the

present invention had better coke selectivity than those in Comparative Examples.



Table 1: The crystallinity of the zeolite at different aging time-points

Crystallinity (%)

Aging time/h 0 2 4 8 17 24
Example 2 57 50 47 44 38 36
Comparative Example 2 45 37 33 28 24 22
Example 3 55 47 44 40 36 33
Comparative Example 3 49 42 37 32 27 24
Example 4 53 46 42 37 32 29
Comparative Example 4 48 41 37 33 27 23
Table 2: The crystallinity retention of the zeolite at different aging time-points
Crystallinity retention (%)
Aging time/h 0 2 4 8 17 24
Example 2 100 87 82 77 66 62
Comparative Example 2 100 82 73 62 53 49
Example 3 100 a5 80 73 65 60
Comparative Example 3 100 86 76 65 55 49
Example 4 160 87 79 70 60 55
Comparative Example 4 100 85 77 69’ 56 48
Table 3: Activity of the zeolite at different aging time-points
MA (no unit)

Aging time/h 0 2 4 8 17 24
Example 2 88 68 63 60 55 52
Comparative Example 2 90 63 59 54 46 43
Example 5 87 67 61 56 52 49
Comparative Example 5 89 65 58 54 43 43
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Table 4: Coke selectivity of the zeolite at different aging time-points

Coke vield/conversion ratio (%)

Aging time/h 0 2 4 8 17 24
Example 2 7.4 2.5 22 2.0 1.8 1.7
Comparative

8.8 3.7 31 2.5 2.0 19
Example 2
Example 5 7.3 2.2 2.0 1.8 1.6 15
Comparative

8.5 35 2.8 2.3 1.9 1.7
Example 5

The preparation and evaluation of the catalyst

[0143] In the following examples for preparing the catalysts, besides the zeolites A1-A5
and B1-B5, the following materials are used.

[0144] Kaolin is a product commercially available from China Kaolin Company, Suzhou
having a solid content of 78%. The used kaolin slurry has a solid content of 45wt%.

[0145] Pseudoboehmite is a product commercially available from Shandong Aluminum
Factory having & solid content of 60wt%.

[0146] Alumina sol is a product commercially available from Sinopec Catalyst Company
Qilu Division having an Al203 cotent of 21.5wt%.

[0147] Hereinafter, the acid/alumina ratio refers to the weight ratio of hydrochloric acid
having a concentration of 36wt% to pseudoboehmite as alumina.

[0148) Mg-containing ultra stable Y-type zeolite is prepared according to the method
disclosed in Example 1 of CN1157465C, and hereinafter called as the zeaolite Z1.

[0149) REY zeolite is a product commercially available from Sinopec Catalyst Company Qilu
Division, having a RE;0s content of 12wt% and a solid content of 85wt%. Hereinafter, it is
also called as the zeolite REY.

[0150] ZRP-1 zeoclite is a phosphorus- and rare earth-containing MFI-structured zeolite,
which is produced by Sinopec Catalyst Company Qilu Division and has a RE;0z content of 4%,
a phosphorus content of 2%, and a Si/Al ratio of 45. Hereinafter, it is also called as the
zeolite ZRP-1.

[0151] ZSP-1 zeolite is a phosphorus- and iron-containing MFI-structured zeolite, which is

produced by Sinopec Catalyst Company Qilu Division and has a phosphorus content of 1.5wt%
36
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and a Fe203 cantent of 2.5wt%. Hereinafter, it is also called as the zeolite ZSP-1.

[0152] DASY-2.0 zeolite is a product commercially available from Sinopec Catalyst
Company Qilu Division, having a solid content of 87wt% and a RE;0; content of 2%.
Hereinafter, it is also called as the zeolite DASY-2.0.

[0153] Rare earth maodified, gas-phase ultra stable Y-type zeolite is prepared according to
the method disclosed in Example 5 of CN1286721C, and hereinafter called as the zeolite Z2.
[0154] Rare earth-containing, acid-treated, hydrothermally dealuminated Y-type zeolite is
prepared according to the method disclosed in Example 1 of CN100497175C, and

hereinafter called as the zeolite Z3.

Group |

Catalyst Example 1

[01S5] 20 weight parts of pseudoboehmite (as alumina} and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 15 weight
parts of the zeolite Al {on the dry basis), 18 weight parts of the zeolite Z1 (on the dry basis)
and 5 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the resulting
mixture was spray-dried to produce the microsphere catalyst. The microsphere catalyst was
calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a (NH4),S0,
solution at 60°C (NH4),S0Q, solution: microsphere catalyst: H,O = 0.04:1:10 weight ratio)
until the Na;0 content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C1.

Catalyst Example 2

[0156] 20 weight parts of pseudoboehmite {(as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 31 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
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alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 30 weight
parts of the zeolite A2 {on the dry basis}, 1 weight part of the zeolite Z1 (on the dry basis)
and 8 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the resulting
mixture was spray-dried to produce the microsphere catalyst. The microsphere catalyst was
calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a {NH,4),S04
solution at 60°C {NH,},S0, solution: microsphere catalyst: H,O = 0.04:1:10 weight ratio)
until the Na;O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C2.

Catalyst Example 3

[0157] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis}, and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 25 weight
parts of the zeolite A3 (on the dry basis), 5 weight parts of the zeolite Z1 (on the dry basis)
and 10 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
(NH4),504 solution at 60°C (NH,)>S04 solution: microsphere catalyst: H,0 = 0.04:1:10 weight
ratio) until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C3.

Catalyst Example 4

[0158] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis}, and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 10 weight

parts of the zeolite A4 {on the dry basis), 22 weight parts of the zeolite Z1 {on the dry basis)
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and 8 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the resulting
mixture was spray-dried to produce the microsphere catalyst. The microsphere catalyst was
calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a (NH;);504
solution at 60°C (NH,);S04 solution: microsphere catalyst: H,O = 0.04:1:10 weight ratio)
until the Na;O conitent was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C4.

Catalyst Example 5

[0159] 20 weight parts of pseudoboehmite {as alumina) and deionized water were mixed
and pulped to cbtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/aiumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 20 weight
parts of the zeolite A5 (on the dry basis), 10 weight parts of the zeolite Z1 {on the dry basis)
and 10 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
{NH4)2S0, solution at 60°C (NH,),SO, solution: microsphere catalyst: H;0 = 0.04:1:10 weight
ratio) until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C5.

Catalyst Comparative Example 1-5
[0160] The preparation procedures according to Catalyst Examples 1-5 were repeated
except that zeolites A1-A5 were replaced with zeolites B1-B5 respectively to obtain catalytic

cracking catalysts DC1-DC5.

Catalyst Example 6
[0161] The preparation procedure according to Catalyst Example 1 was repeated except
that the zeolite REY was not added, and 20 weight parts of the zeclite Al was added to

obtain the catalytic cracking catalyst C6.
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Catalyst Comparative Example 6
[0162] The preparation procedure according to Catalyst Example 2 was repeated except

that neither zeolite A2 nor the zeolite REY was added, but 39 weight parts of the zeolite 22

was added to obtain the catalytic cracking catalyst DC6.

[0163] The above catalytic cracking catalysts C1-Cé and DC1-DC6 were aged at 800°C in a
condition of 100% steam for 12 hours, and then loaded in a fixed fluidised bed (FFB)
equipment (provided by Dadi Company, RIPP, Sinopec) to evalvate the reaction
performance of the catalytic cracking catalyst. The loading amount of the catalyst was 150g.
Then, the feedstock oil with the properties as shown in Table 1-1 was introduced to the FBB
aquipment to conduct the catalytic cracking reaction at a temperature of 500 °C at a weight
hourly space velocity of 16/h at a catalyst/oil ratio (by weight) of 4. The results were shown

in Table 1-2.
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Table 1-1

Density, g/cm>(20°C) 0.9171
Viscosity(100°C), mm?/s 10.61
Freezing point, °C 20
Residual Carbon, wt% 1.91
Element content, wit%

C 85.96
H 12.37
) 1.0

N 0.35
Metal content, ug/g

Ca 8.3
Fe 12.3
Na 0.9
Ni 4.7

A 0.4
Distillation range, °C

Initial boiling point 267
10% 371
50% 449
70% 486
86.9% 549
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Table 1-2

Dry gas LPG FCCN LCO Bottoms 430°F
Catalyst Catalyst Code {C2-) {C3-Ca) {C5-430°F) (430°F-650°F) (650°F+) COI:E Conversion

(wit%) (wi%) (wt%) (wt%) {wit%) ot {wt%)

Example 1 Ci 1.72 11.24 44.32 21.23 15.94 5.55 62.83
Comparative Example 1 DC1 1.75 11.11 43.58 20.45 17.00 6.11 62.55
Example 2 c2 1.69 11.66 45.68 20.71 16.01 4.25 63.28
Comparative Example 2 DC2 1.81 10.89 4412 19.44 18.27 5.47 62.29
Example 3 c3 1.66 11.06 45.33 20.28 17.06 461 62.66
Comparative Example 3 DC3 1.75 10.75 44.07 19.01 18.69 573 62.30
Example 4 ca 1.68 11.09 44.29 21.17 16.16 5.61 62.67
Comparative Example 4 DC4 1.73 10.92 44.03 20.58 16.61 6.13 62.81
Example 5 C5 1.58 10.17 44.77 19.79 18.65 5.04 61.56
Comparative Example 5 DC5 1.72 9.38 4391 18.67 20.42 5.90 60.91
Example 6 ce 1.54 10.11 43.95 21.38 18.64 4.38 59.98
Comparative Example 6 DC6 1.67 10.01 43.91 19.94 19.98 4.49 60.08
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Group |l

Catalyst Example 1

[0164] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%)} with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 38 weight
parts of the zeolite Al {on the dry basis), 2 weight parts of the zeolite ZRP-1 {on the dry
basis). After continuing to stir, the resulting mixture was spray-dried to produce the
microsphere catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the
microsphere catalyst was washed with a (NH4),S0; solution at 60°C (NH,);50, solution:
microsphere catalyst: H>O = 0.04:1:10 weight ratio} until the Na;O content was less than
0.25wt%. Finally, the catalyst was rinsed with deionized water, filtered, and dried at 120°C

to obtain the catalytic cracking catalyst C1.

Catalyst Example 2

[0165] 20 weight parts of pseudoboehmite (as alumina} and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaclin slurry {on the dry basis}, and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 30 weight
parts of the zeolite A2 {on the dry basis}, 5 weight parts of the zeolite REY (on the dry basis)
and 5 weight parts of the zeolite ZRP-1 {on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
(NH4)2504 solution at 60°C {NH,):50, solution: microsphere catalyst: H.O = 0.04:1:10 weight
ratio) until the Na;O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the cataiytic cracking catalyst C2.

Catalyst Example 3
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[0166] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry {(on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 25 weight
parts of the zeolite A3 (on the dry basis), 10 weight parts of the zeolite ZSP-1 (on the dry
basis) and 8 weight parts of the zeclite REY (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
{NH4)>S0, solution at 60°C {(NH,4),S0, solution: microsphere catalyst: H>0 = 0.04:1:10 weight
ratio) until the Na;QO content was less than 0.25wt%. Finally, the catalyst was rinsed with

delonized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C3.

Catalyst Example 4

[0167] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was

warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively

‘added 35 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the

alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 15 weight
parts of the zeolite A4 (on the dry basis), 10 weight parts of the zeolite ZRP-1 (on the dry
basis) and 10 weight parts of the zeolite REY {on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
{NH,;)250, solution at 60°C {NH,),S0, solution: microsphere catalyst: H,O = 0.04:1:10 weight
ratio) until the Na,O content was less than 0,25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C4.

Catalyst Example 5
[0168] 20 weight parts of pseudoboehmite {as alumina) and deionized water were mixed

and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
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concentration of 36wit%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 15 weight
parts of the zeolite A5 {on the dry basis), 15 weight parts of the zeolite ZSP-1 (on the dry
basis) and 8 weight parts of the zeolite REY (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
{NH,);S0, solution at 60°C (NH,),50, solution: microsphere catalyst: H>O = 0.04:1:10 weight
ratio) until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C5.

Catalyst Comparative Example 1-5
[0169] The preparation procedures according to Catalyst Examples 1-5 were repeated
except that zeolites A1-A5 were replaced with zeolites B1-B5 respectively to obtain catalytic

cracking catalysts DC1-DC5.

Catalyst Comparative Example 6
[0170] The preparation procedure according to Catalyst Example 1 was repeated except
that the zeolite Al was replaced with the same amount of the zeolite ZRP-1 to obtain the

catalytic cracking catalyst DC6.

[0171] The above catalytic cracking catalysts C1-C5 and DC1-DC6 were aged at 800°C in a
condition of 100% steam for 8 hours. The reaction performance of the catalyst was
evaluated in a small-scale fixed fluidised bed ACE R+ unit (designed and produced by Kayser
Technology Inc. USA). The loading amount of the catalyst was 9g. Then, the catalytic mixed
oil as starting material with the properties as shown in Table 2-1 was introduced to the ACE
R+ unit to conduct the catalytic cracking reaction at a temperature of 520 °C at a weight
hourly space velocity of 16/h at a catalyst/oil ratio (by weight) of 4. The results were shown

in Table 2-2.

Table 2-1
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Density, g/cm>(20°C) 0.9055
Viscosity(100°C), mm?/s 6.77
Freezing point, °C 38
Residual Carbon, wt% 0.14
Element content, wt%

C 86.42
H 12.48
5 0.35
N 0.18
Metal content, pg/g

Ca 0.8
Fe 1.6
Na 34
Ni 0.3

Vv <0.1
Distillation range, °C

Initial boiling point 254
10% 364
50% 441
70% 472
95% 563
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¢4 141 20.36 42.43 18.24 13.95 3.61 67.81 7.08
DC4 1.78 18.55 41.95 17.88 14.97 4.87 67.15 6.19
C5 2.14 25.29 38.07 16.69 14.37 3.44 68.94 5.27
DC5 2.22 23.88 37.68 16.13 15.94 4.15 67.93 8.43
DC6 0.64 7.16 15.80 25.34 49.48 1.58 25.18 2.78
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Group Il

Catalyst Example 1

[0172] 20 weight parts of pseudoboehmite [as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 35 weight
parts of the zeolite A1 (on the dry basis) and 5 weight parts of the zeolite REY (on the dry
basis). After continuing to stir, the resulting mixture was spray-dried to produce the
microsphere catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the
microsphere catalyst was washed with a {NH4),S0, solution at 60°C (NH,);50; solution:
microsphere catalyst: H.O = 0.04:1:10 weight ratio) until the Na;O content was less than
0.25wt%. Finally, the catalyst was rinsed with deionized water, filtered, and dried at 120°C

to obtain the catalytic cracking catalyst C1.

Catalyst Example 2

[0173] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 30 weight
parts of the zeolite A2 (on the dry basis) and 8 weight parts of the zeolite REY (on the dry
basis). After continuing to stir, the resulting mixture was spray-dried to produce the
microsphere catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the
microsphere catalyst was washed with a (NH4).50, solution at 60°C {NH,),S0, solution:
microsphere catalyst: H.0 = 0.04:1:10 weight ratio) until the Na,O content was less than
0.25wt%. Finally, the catalyst was rinsed with deionized water, filtered, and dried at 120°C

to obtain the catalytic cracking catalyst C2.

Catalyst Example 3
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{0174] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {(having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol {as alumina}. After stirring for 20 minutes, to the mixture were added 25 weight
parts of the zeolite A3 (on the dry basis}, 10 weight parts of the zeolite REY (on the dry basis)
and 3 weight parts of the zeolite DASY-2.0 {on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
(NH,}.S0, solution at 60°C (NH,4):S0, solution: microsphere catalyst: H,O = 0.04:1:10 weight
ratio) until the Na;O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C3.

Catalyst Example 4

[0175] 20 weight parts of pseudoboehmite {as alumina) and deionized water were mixed
and puiped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 20 weight
parts of the zeolite A4 (on the dry basis), 12 weight parts of the zeolite REY {on the dry basis)
and 6 weight parts of the zeolite DASY-2.0 (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
(NH4)250; solution at 60°C {NH,);S0, solution: microsphere catalyst: H,0 = 0.04:1:10 weight
ratio) until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C4.

Catalyst Example 5
[0176] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
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concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 32 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 15 weight
parts of the zeolite A5 {on the dry basis}, 10 weight parts of the zeolite REY {on the dry basis)
and 13weight parts of the zeolite DASY-2.0 {on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
(NH,4);50;, solution at 60°C (NH,}250, solution: microsphere catalyst: H,O = 0.04:1:10 weight
ratio} until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C5.

Catalyst Comparative Example 1-5
[0177] The preparation procedures according to Catalyst Examples 1-5 were repeated
except that zeolites A1-AS were replaced with zeolites B1-B5 respectively to abtain catalytic

cracking catalysts DC1-DC5.

Catalyst Example 6

[0178] The preparation procedure according to Catalyst Example 1 was repeated except
that only the zeolite Al was used and the zeolite REY was not added, whereln the zeolite
REY was replaced with the same amount of the zeolite Al to obtain the catalytic cracking

catalyst Cé6.

[0179] The above catalytic cracking catalysts C1-C6 and DC1-DC5 were aged at 800°C in a
condition of 100% steam for 12 hours. The reaction performance of the catalyst was
evaluated in a small-scale fixed fluidised bed ACE R+ unit (designed and produced by Kayser
Technology Inc. USA). The loading amount of the catalyst was 9g. Then, the catalytic mixed
oil as starting material with the properties as shown in Table 3-1 was introduced to the ACE
R+ unit to conduct the catalytic cracking reaction at a temperature of 500 °C at a weight
hourly space velocity of 16/h at a catalyst/oil ratio {by weight) of 8. The results were shown

in Table 3-2.
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Table 3-1

Density, g/cm>(20°C) 0.9044
Viscosity(100°C), mm?*/s 9.96
Freezing point, °C 40
Residual Carbon, wt% 3.0
Element content, wt%

C 85.98
H 12.86
) 0.55
N 0.18
Metal content, ug/g

Ca 28

Fe 15.7
Na 3.4
Ni 7.4

v 1.2
Distillation range, °C

Initial boiling point 243
10% 316
50% 429
70% 473
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Table 3

Dry gas LPG FCCN LCO Bottoms 430°F Coke yield /
Catalyst Coke
Catalyst (C2-) {C3-C4) {C5-430°F) {430°F-650°F) (650°F+) Conversion conversion
Code {(wit%)
(wtdh) {wt%) {wt%) {wt%) {wt%) {wt%) ratio
Example 1 C1 1.11 11.52 47.53 17.80 16.96 5.08 65.24 0.0779
Comparative
DC1 1.20 10.27 45.85 17.46 19.03 6.19 63.51 0.0975
Example 1 .
Example 2 2 1.01 11.54 46.11 18.79 17.57 4,98 63.64 0.0783
Comparative
DC2 1.13 10.36 44.90 18.19 19.47 5.95 62.34 0.0954
Example 2
Example 3 3 1.15 12.60 47.18 18.31 14.79 5.97 66.90 0.0892
Comparative
DC3 1.43 10.83 45.43 18.06 17.11 7.14 64.83 0.1101
Example 3
Example 4 c4 1.19 11.97 48.19 17.87 14.71 6.07 67.42 0.0900
Comparative
DC4 131 10.96 45.99 17.72 16.77 7.25 65.51 0.1107
Example 4
Example 5 ) 131 12.64 48.57 17.45 13.62 6.41 68.93 0.0930
Comparative
DC5 1.29 12.05 46.66 17.30 15.17 7.53 67.53 0.1115
Example 5
Example 6 Cc6 0.94 11.37 45.94 18.69 18.28 478 63.03 0.0758
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Group iV

Catalyst Example 1

[0180] 20 weight parts of pseudoboehmite {as alumina} and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol (as alumina}. After stirring for 20 minutes, to the mixture were added 35 weight
parts of the zeolite Al (on the dry basis), 5 weight parts of the zeolite Z2 {(on the dry basis).
After continuing to stir, the resulting mixture was spray-dried to produce the microsphere
catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the microsphere
catalyst was washed with a (NH4),S0, solution at 60°C {NH,4);50, solution: microsphere
catalyst: H,O = 0.04:1:10 weight ratio) until the Na,0 content was less than 0.25wt%. Finally,
the catalyst was rinsed with deionized water, filtered, and dried at 120°C to obtain the
catalytic cracking catalyst C1.

Catalyst Example 2

[0181] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 25 weight
parts of the zeolite A2 {on the dry basis), 13 weight parts of the zeolite Z2 {on the dry basis)
and 2 weight parts of the zeolite Z3 {on the dry basis). After continuing to stir, the resulting
mixture was spray-dried to produce the microsphere catalyst. The microsphere catalyst was
calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a (NH,4)»504
solution at 60°C {NH4),S04 solution: microsphere catalyst: H,0 = 0.04:1:10 weight ratio)
until the Na.Q content was less than 0.25wt%. Finally, the catalyst was rinsed with
deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C2.
Catalyst Example 3

[0182] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed

and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
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concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis}, and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 15 weight
parts of the zeolite A3 (on the dry basis}), 25 weight parts of the zeolite Z3 (on the dry basis).
After continuing to stir, the resulting mixture was spray-dried to produce the microsphere
catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the microsphere
catalyst was washed with a (NH,4)>50, solution at 60°C (NH,},S0, solution: microsphere
catalyst: H;0 = 0.04:1:10 weight ratio) until the Na,O content was less than 0.25wt%. Finally,
the catalyst was rinsed with deionized water, filtered, and dried at 120°C to obtain the
catalytic cracking catalyst C3.

Catalyst Example 4

[0183] 20 weight parts of pseudoboehmite (as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid {having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 28 weight parts of the kaolin slurry {on the dry basis), and 10 weight parts of the
alumina sol {as alumina). After stirring for 20 minutes, to the mixture were added 40 weight
parts of the zeolite A4 {on the dry basis), 2 weight parts of the zeolite Z2 (on the dry basis).
After continuing to stir, the resulting mixture was spray-dried to produce the microsphere
catalyst. The microsphere catalyst was calcined at 500°C for 1 hour. Then the microsphere
catalyst was washed with a (NH4),504 solution at 60°C (NH,},S0, solution: microsphere
catalyst: H,O = 0.04:1:10 weight ratio) until the Na,0 content was less than 0.25wi%. Finally,
the catalyst was rinsed with deionized water, filtered, and dried at 120°C to obtain the
catalytic cracking catalyst C4.

Catalyst Example 5

[0184] 20 weight parts of pseudoboehmite {as alumina) and deionized water were mixed
and pulped to obtain a slurry. To the resulting slurry was added hydrochloric acid (having a
concentration of 36wt%) with an acid/alumina ratio of 0.20 to peptize. The mixture was
warmed up to 65°C and acidified for 1 hour. To the resulting mixture were respectively
added 30 weight parts of the kaolin slurry (on the dry basis), and 10 weight parts of the
alumina sol (as alumina). After stirring for 20 minutes, to the mixture were added 5 weight
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parts of the zeolite A5 {on the dry basis), 30 weight parts of the zeolite Z3 (on the dry basis)
and 5 weight parts of the zeolite DASY-2.0 (on the dry basis). After continuing to stir, the
resulting mixture was spray-dried to produce the microsphere catalyst. The microsphere
catalyst was calcined at 500°C for 1 hour. Then the microsphere catalyst was washed with a
{NH,4}2S0, solution at 60°C {NH,),50, solution: microsphere catalyst: H,0 = 0.04:1:10 weight
ratio} until the Na,O content was less than 0.25wt%. Finally, the catalyst was rinsed with

deionized water, filtered, and dried at 120°C to obtain the catalytic cracking catalyst C5.

Catalyst Comparative Example 1-5
[0185] The preparation procedures according to Catalyst Examples 1-5 were repeated
except that zeolites A1-AS5 were replaced with zeolites B1-B5 respectively to obtain catalytic

cracking catalysts DC1-DC5.

Catalyst Comparative Example 6
[0186]} The preparation procedure according to Catalyst Example 1 was repeated except
that the zeclite A1l was replaced with the same amount of the zeolite Z3 to obtain the

catalytic cracking catalyst DC6.

[0187] The above catalytic cracking catalysts C1-C5 and DC1-DC6 were aged at 800°C in a
condition of 100% steam for 8 hours. The reaction performance of the catalyst was
evaluated in a small-scale fixed fluidised bed ACE R+ unit (designed and produced by Kayser
Technology Inc. USA). The loading amount of the catalyst was 9g. Then, the catalytic mixed
oil as starting material with the properties as shown in Table 4-1 was introduced to the ACE
R+ unit to conduct the catalytic cracking reaction at a temperature of 518 °C at a weight
hourly space velocity of 16/h at a catalyst/oil ratio {by weight) of 5.5. The results were

shown in Table 4-2.
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Table 4-1

Density, g/cm>(20°C) 0.8994
Viscosity(100°C), mm?*/s 5.63
Freezing paint, °C 34
Residual Carbon, wit% 0.25
Element content, wt%

C 87.08
H 12.57
S 0.23
N 0.12
Metal content, ug/g

Ca 0.4
Fe 0.2
Na 0.6
Ni <0.1
\Y <0.1
Distillation range, °C

Initial boiling point 265
10% 333
50% 426
70% 470
95% 564




Table 4-2

LS

Dry gas LPG FCCN LCO Bottoms 430°F FCCN Coke
: Catalyst Coke
Catalyst (C2-) (C3-Ca) (C5-430°F) {430°F-650°F) {650°F+) Conversion Sel. Sel.
Code {wit%)
(witd) (wit2) {wt%) {wit%%) {wt%) (witd) {wt%) (wt%)
Example 1 C1 1.24 12.45 56.51 17.02 9.65 3.13 73.33 77.06 4.27
Comparative
DC1 1.45 11.69 54.25 15.82 12.41 4.38 71.77 75.59 6.10
Example 1
Example 2 Cc2 1.33 12.22 55.97 17.65 9.32 3.51 73.03 76.64 481
Comparative
DC2 1.52 11.66 53.66 16.18 12,22 4.76 71.60 74.94 6.65
Example 2
Example 3 c3 1.41 12.05 55.20 18.01 9.34 3.99 72.65 75.98 5.49
Comparative
DC3 1.59 11.61 53.01 16.48 12.17 5.14 71.35 74.30 7.20
Example 3
Example 4 ca 1.02 11.11 52.39 19.40 13.24 2.84 67.36 77.78 4.22
Comparative
DCa 1.14 10.77 50.23 17.23 16.52 411 66.25 75.82 6.20
Example 4
Example 5 C5 1.71 12.38 55.48 17.11 8.74 4.58 74.15 74.82 6.18
Comparative '
DCS 1.83 11.58 53.40 16.16 11.58 5.45 72.26 73.90 7.54
Example 5
Comparative
DC6 2.09 14.03 56.14 15.15 7.06 5.53 77.79 72,17 7.11

Example 6
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Claims

1. A catalytic cracking catalyst, which comprises a cracking active component, 10wt%-70wt%

of a clay on the dry basis, and 10wt%-40wt% of an inorganic oxide binder (as oxide), relative

to the weight of the catalytic cracking catalyst,

wherein said cracking active component contains, relative to the weight of the catalytic

cracking catalyst, 10wt%-50wt% of a modified Y-type zeolite on the dry basis and 0-40wt%

of other zeolite on the dry basis,

wherein said modified Y-type zeolite is characterized by having

a unit cell size of 2.420-2.440nm;

as percent by weight of the modified Y-type zeolite, a phosphorus content of 0.05-6%, a

REzO3 content of 0.03-10%, and an alumina content of less than 22%; and

a specific hydroxy nest concentration of less than 0.35mmol/g and more than 0.05mmol/g,
[(Mso0rc-Mago+c)-{17/9)%(Msoo-c-Ms00+c)1x 1000

said specific hydroxy nest concentration= {Unit:mmol/g)
36x%(1-Mogoee)xC

wherein Maooec, Msoorc and Maoorc respectively represent the weight loss percents of a

sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample.

2. The catalytic cracking catalyst according to claim 1, wherein said unit cell size is
2.428-2.438nm; as percent by weight of the modified Y-type zeolite, the phosphorus
content is 0.1-4.5%, the RE203 content is 0.1-4.5%, the alumina content is less than 21%; the

specific hydroxy nest concentration is less than 0.3mmol/g and more than 0.10mmol/g.

3. The catalytic cracking catalyst according to claim 1, wherein said clay is selected from the
group consisting of kaolin, metahalloysite, montmorillonite, diatomite, halloysite, saponite,
rectorite, sepiolite, attapulgite, hydrotalcite, bentonite and any mixture thereof;

wherein said inorganic oxide binder is an alumina binder, including y-alumina, n-alumina,
8-alumina, x-alumina, pseudoboehmite, boehmite, gibbsite, bayerite, and any mixture

thereof.

4. The catalytic cracking catalyst according to claim 1, wherein said other zeolite is selected

from one or more of the following:
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Y-type zeolite such as one or more zeolites of REY, REHY, DASY, USY, and REUSY;
MFI-structured zeolite such as one or more zeolites of ZSM-5, ZRP, and ZSP;
Beta zeolite; and

non-zeolite molecular sieve such as SAPO and a titanium silicate molecular sieve.

5. The catalytic cracking catalyst according to claim 1, wherein, relative to the weight of the
catalytic cracking catalyst, said catalytic cracking catalyst comprises:

10wt%-70wt% of the clay on the dry basis;

10wt%-40wt% of the inorganic oxide binder (as oxide); and

the cracking active component

wherein said cracking active component comprises, substantially consists of or consists of:
(A) 10wt%-50wt% of the modified Y-type zeolite on the dry basis;

(B) optionally, one or more of the following:

(1) not more than 30wt% of MF!-structured zeolite on the dry basis;

(2) not more than 30wt% of Mg-containing ultra stable Y-type zeolite on the dry
basis;

(3) on the dry basis, not more than 30wt% of rare earth modified, gas-phase ultra
stable Y-type zeolite and/or rare earth-containing, acid-treated, hydrothermally
dealuminated Y-type zeolite; and
{C) optionally,

(4) on the dry basis, not more than 30wt% of Y-type zeolite selected from the
group consisting of REY, REHY, DASY, USY, REUSY and any mixture thereof,

wherein, the total weight of the above (1), {2), (3) and (4} is not more than 40wt%.

6. The catalytic cracking catalyst according to claim 1, wherein said modified Y-type zeolite
is prepared by the following process, wherein the modified Y-type zeolite is obtained by
using a NaY zeolite as starting material and through three exchange steps in which a rare
earth-containing substance and a phosphorus-containing substance are used and three
hydrothermally treating steps,

wherein, the introduction of phosphorus and rare earth is done by the exchange step;
wherein independently in each exchange step, the zeolite is added to a
phosphorus-containing exchanging solution or a rare earth-containing exchanging solution;
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wherein phosphorus is introduced at any exchange step; and

wherein rare earth is introduced at any exchange step except the first exchange step.

7. The catalytic cracking catalyst according to claim 6, said process further comprises: a

dealumination agent is introduced at any exchange step except the first exchange step.

8. The catalytic cracking catalyst according to claim 6, wherein said phosphorus-containing
substance is selected from the group consisting of orthophosphoric acid, phosphorous acid,
pyrophosphoric acid, ammonium phosphate, diammonium hydrogen phosphate,

ammonium dihydrogen phosphate, aluminum phosphate, and any mixture thereof.

9. The catalytic cracking catalyst according to claim 6, wherein said rare earth-containing
substance is selected from the group consisting of lanthanum oxide, cerium oxide,
lanthanum nitrate, cerium nitrate, lanthanum chioride, cerium chloride, a mixed rare earth

nitrate, a mixed rare earth chloride, and any mixture thereof.

10. The catalytic cracking catalyst according to ctaim 7, wherein said dealumination agent is
selected from the group consisting of ethylene diamine tetraacetic acid, oxalic acid, citric
acid, sulfosalicylic acid, fluorosilicic acid, hydrochloric acid, sulphuric acid, nitric acid,
ammonium oxalate, ammonium fluoride, ammonium fluorosilicate, ammonium

fluoroborate, and any mixture thereof.

11. The catalytic cracking catalyst according to claim 6, which further comprises: the

exchange is conducted at 60-100°C, e.g. 70-90°C for at least 0.5 hour, e.g. 1-2 hours.

12. The catalytic cracking catalyst according to claim 6, wherein
each of the hydrothermally treating steps is independently conducted at 350-650°C, e.g.
550-600°C, in a condition of 1-100%, e.g. 70%-100% steam for at least 0.5 hour, e.g. 1-2

hours.

13. The catalytic cracking catalyst according to claim 6, which is characterized in that said
process comprises the following steps:
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1) a NaY zeolite is mixed with an ammonium salt, an ammonium phosphate salt and water
in a ratio of the NaY zeolite: the ammonium salt: the ammonium phosphate salt:
water=1:[0.4-1]:[0-0.04]:{5-10] to obtain a slurry, the slurry is adjusted with an inorganic
acid to a pH of 3.0-4.5, then the slurry is treated at 70-95°C for at least 0.5 hour, and then
washed, wherein, the NaY zeolite is on the dry basis, the ammonium phosphate salt is
based on the elemental phosphorus;

2} the product obtained in the step 1} is calcined at 350-650°C in a condition of 1-100%
steam for at least 0.5 hour to obtain a firstly calcined zeolite;

3} the firstly calcined zeolite obtained in the step 2), phosphoric acid, an dealumination
agent and water are mixed in a ratio of the firstly calcined zeolite: phosphoric acid: the
dealumination agent: water=1:{0-0.04]:]0.02-0.3):{5-10], the resulting mixture is adjusted
with an inorganic acid to a pH of 2.3-3.5, then treated at 50-90°C for at least 0.5 hour,
filtered and washed (washing temperature250°C), wherein, the firstly calcined zeolite is on
the dry basis, and phosphoric acid is based on the elemental phosphorus;

4) the product obtained in the step 3) is calcined at 350-650°C in a condition of 1-100%
steam for at least 0.5 hour to obtain a secondly calcined zeolite;

5) the secondly calcined zeolite obtained in the step 4) is mixed with a (mixed) rare earth
chloride and watér in a ratio of the secondly calcined zeolite: the rare earth chloride:
water=1:{0.01-0.05]):[5-10], the resulting mixture is then treated at 70-90°C for at least 0.5
hour, filtered and washed (washing temperature250°C), wherein, the secondly calcined
zeolite is on the dry basis, and the rare earth chloride is based on REz03;

6) the product obtained in the step 5) is calcined at 350-650°C, in a condition of 1-100%

steam for at least 0.5 hour to obtain a modified Y-type zeolite.

14. A process for preparing a catalytic cracking catalyst, which process comprises: preparing
a slurry containing an cracking active component, a clay and a binder; and spray-drying the
prepared shurry,

wherein said cracking active component contains a modified Y-type zeolite and other
zeolite,

wherein per 100 weight parts of the catalytic cracking catalyst, using 10-70 weight parts of
the clay on the dry basis, 10-40 weight parts of the inorganic oxide binder (as oxide), 10-50
weight parts of the modified Y-type zeolite on the dry basis, and 0-40 weight parts of other
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zeolite on the dry basis to prepare said slurry,

wherein said modified Y-type zeolite is characterized by having a unit cgll size of

2.420-2.440nm; as percent by weight of the modified Y-type zeolite, a phosphorus content

of 0.05-6%, a RE20z cantent of 0.03-10%, and an alumina content of less than 22%; and a

specific hydroxy nest concentration of less than 0.35mmol/g and more than 0.05mmol/g,
[{Msogrc-Maaoec)-{17/9)%{ Macoc-Msoo-c)1x 1000

said specific hydroxy nest concentration= {Unit:mmol/g)
36x%(1-Mzooec)xC

wherein Maooc, Msoorc and Maooec respectively represent the weight loss percents of a

sample measured at 200°C, 500°C and 800°C, and C is the crystallinity of the sample.

15. The process for preparing the catalytic cracking catalyst according to claim 14, wherein
said unit cell size is 2.428-2.438nm; as percent by weight of the modified Y-type zeolite, the
phosphorus content is 0.1-4.5%, the RE;03 content is 0.1-4.5%, the alumina content is less
than 21%; and the specific hydroxy nest concentration is less than 0.3mmol/g and more

than 0.10mmol/g.

16. The process for preparing the catalytic cracking catalyst according to claim 14, wherein
said clay is selected from the group consisting of kaolin, metahalloysite, montmorillonite,
diatomite, halloysite, saponite, rectorite, sepiolite, attapulgite, hydrotalcite, bentonite and
any mixture thereof; wherein said inorganic oxide binder is an alumina binder, including
y-alumina, n-alumina, 8-alumina, x-alumina, pseudoboehmite, boehmite, gibbsite, bayerite,

and any mixture thereof.

17. The process for preparing the catalytic cracking catalyst according to claim 14, wherein
said other zeolite is selected from one or more of the following:

Y-type zeolite such as one or more zeolites of REY, REHY, DASY, USY, and REUSY:;
MFI-structured zeolite such as one or more zeolites of ZSM-5, ZRP, and ZSP;

Beta zeolite; and

non-zeolite molecular sieve such as SAPQO and a titanium silicate molecular sieve.

18. The process for preparing the catalytic cracking catalyst according to claim 14, wherein

per 100 weight parts of the catalytic cracking catalyst, using
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10-70 weight parts of the clay on the dry basis;

10-40 weight parts of the inorganic oxide binder (as oxide); and

the cracking active component

wherein said cracking active component comprises, substantially consists of or consists of:
(A} 10-50 weight parts of the modified Y-type zeolite on the dry basis;

(B) optionally, one or more of the following:

{1) not more than 30 weight parts of MFI-structured zeolite on the dry basis;

(2) not more than 30 weight parts of Mg-containing ultra stable Y-type zeolite on
the dry basis;

(3) on the dry basis, not more than 30 weight parts of rare earth modified,
gas-phase ultra stable Y-type zeolite and/or rare earth-containing, acid-treated,
hydrothermally dealuminated Y-type zeolite; and
(C) optionally,

(4) on the dry basis, not more than 30 weight parts of Y-type zeolite selected from
the group consisting of REY, REHY, DASY, USY, REUSY and any mixture thereof,

wherein, the total weight of the above (1), (2), (3) and (4} is not more than 40 weight parts.

19. The process for preparing the catalytic cracking catalyst according to claim 14, wherein

said modified Y-type zeolite is prepared according to the process as defined in claim 6.
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