
Binderless Molecular Sieve Catalyst and a Preparation Method Thereof
Technical field 5 The present invention relates to a binderless
molecular sieve catalyst and a process for preparing the same.
Background art Due to the uniform and regular porous structure,
greater specific surface 10 area and higher thermal stability, better
shape-selective catalytic performance and adsorption performance,
zeolite molecular sieves are widely applied in the fields such as
petrochemical industry and the like. When molecular sieves are used
for industrial catalysis, 100% molecular sieves generally cannot be
made into the catalyst for the industrial process. 15 Because of
worse binding property and too small particle size, molecular sieves
still have a strength of lower than 20 Newtons even if press-molded,
so that they cannot be molded to form the catalyst directly applied
in the industrial process. In addition, the manufacturing cost of
molecular sieves is generally higher. If 100% molecular sieves are
used as the industrial 20 catalyst, the operation cost of the
industrial process increases. The industrial process generally
requests that the catalyst has a certain shape and strength so as to
be adapted to the industrial reactor. As for a fixed-bed reactor, the
catalyst does not need to be moved after installation, but the
catalyst shall have a certain anti-crush strength to avoid breakage
25 due to impact during the loading process and to prevent the
catalyst loaded in the lower part from breakage under pressure. The
breakage and pulverization of the catalyst may result in an increase
of the pressure drop in the device, abnormal reaction behavior, or
product composition change, which are disadvantageous to the target
reaction process. As for a 30 fixed-bed reactor, because of circular
flow and turbulent motion of the catalyst per se in the reactor,
friction and collision between the catalyst particles, between the
catalyst and the reactor wall, between the catalyst and the
regenerator wall, between the catalyst and the heater wall, between
the catalyst and the flow pipe wall all will grind and damage the
catalyst 35 so as to escape from the reaction system in a fine powder
form. Such fine powder will pollute the environment, and increase the
use-cost of the  catalyst. Thus, no matter whether the molecular
sieves are applied in a fixed-bed reactor or a fluidized-bed reactor,
a binder is necessary for a catalyst composition formed by molecular
sieves and carrier materials. Such molecular sieve composition has
the catalytic activity, selectivity, 5 stability, shape and strength,
and meets the requirements on the catalyst during the industrial
process. Since a binder shall be added for forming the molecular
sieves, and the binder wraps the molecular sieves in the molded
catalyst, the effective 10 availability of molecular sieves
decreases, so as to result in a lower specific surface area and a
lower activity of the catalyst. Random porous structure of the binder
causes the difficulty of the dispersion of the reaction materials and
product in the catalyst, and carbon deposit easily occurs, so as to
have effect on the service life of the catalyst. The 15 conversion of
the binder in the catalyst into the effective component molecular
sieve can overcome said problems and improve the activity and
diffusivity of the catalyst. The binderless molecular sieve catalyst
involves converting the binder 20 added during the molding of the
zeolite molecular sieve catalyst into the effective component of the
molecular sieve, making the whole catalyst containing no binder
component and maintaining a better strength of the catalyst. In the



novel preparation process for the binderless molecular sieve
fixed-bed catalyst as mentioned in the above first technical problem
to be solved. 10 Such process has the advantages of simple
preparation, lower cost and environmental protection. The third
problem to be solved by the present invention is to provide a novel
preparation process for the binderless molecular sieve fluidized-bed
15 catalyst as mentioned in the above first technical problem to be
solved. Such process has the advantages of simple preparation, lower
cost and environmental protection. In a first aspect of the present
invention, in order to solve the first problem 20 above, the present
invention comprises a binderless molecular sieve catalyst,
comprising, based on the weight of the catalyst, 90-100 wt.% of a
molecular sieve, 0-10 wt.% of a binder, and 0-10 wt.% of an anti-wear
agent, wherein said catalyst has a pore volume of 0.10-0.52 ml/g, an
average pore diameter of 50-100 nm, and a porosity of 20-40%; the 25
anti-wear agent is selected from the rod or needle-like inorganic
materials having a length/diameter ratio of 2-20. In one preferred
embodiment, the content of the binder in the binderless-type catalyst
may be less than 5 wt.%, preferably less than 2 30 wt.%, more
preferably less than 1 wt.%, based on the weight of the catalyst. In
one preferred embodiment, the catalyst has a pore volume of 0.15-0.3
ml/g, an average pore diameter of 50-70 nm, a porosity of 20-30%. In
35 another preferred embodiment, the catalyst has a pore volume of
0.31-0.5 ml/g, an average pore diameter of 71-100 nm, a porosity of
31-40%.  In one preferred embodiment, the molecular sieve in the
binderless molecular sieve catalyst comprises at least one selected
from the group consisting of ZSM-5, ZSM-23, ZSM-11, mordenite, Y
zeolite, (3 zeolite, 5 MCM-22, MCM-49, MCM-56, ZSM-5/mordenite, /3
zeolite/mordenite, ZSM-5/13 zeolite, ZSM-5/Y, MCM-22/mordenite,
ZSM-5/Magadiite, ZSM-5/0 zeolite/mordenite, ZSM-5/13 zeolite/Y
zeolite and ZSM-5/Y zeolite/mordenite. 10 In one preferred
embodiment, the anti-wear agent is at least one inorganic material
selected from the group consisting of asbestos, ceramic fiber, glass
fiber, and wollastonite mineral, wherein the anti-wear agent has a
length of 1-100 itm and a length/diameter ratio of 3-10 and is in an
amount 2-10 wt.% based on the weight of the calcined end product of
the catalyst. 15 In one preferred embodiment, the binder is at least
one selected from the group consisting of silica sol and aluminum
so!.   In a second aspect of the present invention, in order to solve
the second 20 problem above, the present invention comprises a
process for preparing a binderless molecular sieve catalyst,
comprising the steps of    a) based on the weight of the molded and
calcined catalyst, mixing 10-80 wt.% of a molecular sieve, 0.1-20
wt.% of an induction material, 0-20 wt.% of an aluminum compound and
10-80 wt.% of silica, molding 25 and drying to obtain a molded
catalyst precursor mix I, wherein the weight percent of the aluminum
compound in the mix I is less than that of silica;    b)
crystallizing the mix I at 100-200C in water vapor or template vapor
for 10-300 h, to obtain a binderless molecular sieve catalyst
precursor; 30c) drying the catalyst precursor, and calcining at
400-700C for 1-10 h to obtain a binderless molecular sieve catalyst;
wherein the induction material is at least one selected from the
group consisting of i) oxides or hydroxides of the elements of Group
IA or IIA of the Periodic Table of Elements, or salts of weak acids
thereof, ii) at least 35 one selected from the group consisting of



present invention is measured and calculated according to such shape.
In addition, the catalyst precursor mix I can also be made as
required into a cellular form, a clover form, a hollow tubular or a
spherical form, and the strength standard is extra. 5 Among the
characterizing means of the binderless catalyst, XRD is used to
determine the phase contained therein, and the content of each phase;
the scanning electron microscope is used to observe the crystal
conversion of the binder and the morphology of the produced molecular
sieve. Upon 10 crystal conversion, the binder content is determined
by the XRD phase quantification and the binder content in the
scanning electron photomicroscope. The Si-Al ratio in the catalyst is
determined by the chemical analysis method. The strength of the
catalyst is determined by measuring the crushing strength of the
calcined catalyst on the 15 compression testing machine The catalyst
to be measured has a particle diameter of 1.5 mm and a length of 5
mm. The catalyst is horizontally disposed on the testing machine to
determine the maximum pressure suffered when the catalyst is crushed.
The crushing strength of 10 particles of the catalyst is measured to
take the average. The pore volume, average 20 pore diameter and
porosity of the catalyst are determined by the mercury injection
method.   In a third aspect of the present invention, in order to
solve the third problem above, the present invention comprises a
process for preparing a 25 binderless molecular sieve catalyst,
comprising the steps of    (a) homogeneously mixing a molecular
sieve, a binder, a dispersant having the induction action, a liquid
medium, an optional pore-expanding agent, an optional substrate
material, and an optional anti-wear agent to form a suspension,
wherein the dispersant is selected from the group 30 consisting of i)
salts of weak acids of the elements of Group IA or IIA of the
Periodic Table of Elements, or ii) carbonates, bicarbonate, oxalates
and citrates of ammonium;    (b) high velocity (e.g. 6,000-30,000
rpm) shearing and diffusing to control the particle size of the
materials in the suspension within 0.1-5 pm; 35(c) spray-drying said
suspension to form a microsphere catalyst precursor I;     (d)
calcining such microsphere catalyst precursor I at 300-700C for 1-10
h to obtain a catalyst precursor II;    (e) crystallizing the
catalyst precursor II at 100-300C in water vapor or template vapor
for 10-240 h, to obtain a catalyst precursor III; and 5(f) calcining
such microsphere catalyst precursor III at 400-700C for 1-10 h to
obtain an end product of the catalyst. In one preferred embodiment,
the molecular sieve is at least one selected from the group
consisting of ZSM-5, ZSM-23, ZSM-11, mordenite, Y 10 zeolite, (3
zeolite, MCM-22, MCM-49, MCM-56, ZSM-5/mordenite, ZSM-5/0 zeolite,
ZSM-5/0 zeolite, ZSM-5/Y, MCM-22/mordenite, ZSM-5/Magadiite, ZSM-5/13
zeolite/mordenite, ZSM-5/0 zeolite/Y zeolite and ZSM-5/Y
zeolite/mordenite, and is in an amount of 20-80 wt.% based on the
weight of the calcined end product catalyst. 15 In one preferred
embodiment, the binder is at least one selected from silicasol and
aluminum sol, and is in an amount of preferably 2-50 wt.% based on
the weight of the calcined end product of the catalyst. 20 In one
preferred embodiment, the substrate material is at least one selected
from the group consisting of kaolin, calcined kaolin, diatomite,
bentonite, argil and clay, and is in an amount of 0-50 wt.% based on
the weight of the calcined end product of the catalyst. 25 In one
preferred embodiment, the pore-expanding agent is at least one



site number in the catalyst per unit volume is greater, so that the
binderless 35 molecular sieve catalyst has a higher activity. Since
the crystal grains of the binderless catalyst molecular sieves
obtained by crystal conversion are  interlaced with each other, and
closely integrated with each other, the catalyst strength may reach
120-200 newton per grain, preferably higher than 180 newton per
grain. Since a template can be omitted during the crystal conversion,
the technological process of crystal conversion is 5 simple and
environmentally friendly. Some salts of weak acids, carbonates,
oxalates, citrates or ammonium salts are added during the preparation
of the binderless molecular sieve catalyst, so as to have the
induction action during the crystal conversion and to produce some
macropores due to decomposition of the salts and thus have the
function of the 10 pore-expanding agent. Thus the produced catalyst
has the advantages of higher pore volume, greater average pore
diameter and porosity and better diffusivity. The fixed-bed catalyst
produced according to the present invention can be used in the
reaction for producing propylene by catalytic cracking of naphtha.
The yield of dienes of ethylene and propylene is 15 preferably higher
than 53%, more preferably higher than 55%. In the third aspect of the
present invention, at least one selected from the group consisting
of, e.g. tri-ammonium citrate, ammonium oxalate, ammonium carbonate
and ammonium bicarbonate is added to make the 20 components in the
catalyst being homogeneously dispersed and difficult to agglomerate.
By high velocity emulsification and shearing, the suspension is not
easy to stratify or precipitate, and the prepared catalyst has a
smooth surface and a high sphericity. When heated, these salts of
weak acids are easy to decompose so as to produce gases, which is
advantageous to 25 increasing the porosity, average particle diameter
and surface area of molecular sieves. When the dispersant is selected
from the salts of weak acids of the elements of Group IA or IIA, such
dispersant has a certain low acidity. Even if heated and decomposed,
the dispersant may produce certain basic oxides. The presence of
these basic oxides is advantageous to 30 convert the binder and
substrate components into the molecular sieve components. Without
template or molecular sieves, these suitable ingredients may be
converted into molecular sieve components in a water vapor
environment. 35 In a preferred embodiment, the catalyst has a better
diffusivity and a higher activity due to the addition of at least one
pore-expanding agent selected from the group consisting of methyl
cellulose, polyvinyl alcohol, sesbania powder, dissolvable starch and
carbon nano-tube during the preparation of the catalyst. Since the
formulated slurry is homogeneous, and the substances can closely bind
to each other, the phases of the 5 prepared catalyst are closely
integrated with each other, so that the end product catalyst obtained
thereby has a higher abrasion strength. Since the formulated slurry
is homogeneous, the components and substances in the catalyst can
closely bind to each other by adding slender crystal anti-wear agents
having a higher strength in the preferred embodiment, so that the 10
end product catalyst obtained thereby has a higher abrasion strength
and an abrasion index as high as 0.001 wt.%/h (e.g. 0.001-0.01
wt%/h), and achieves a better technical effect. The fluidized-bed
catalyst produced according to the present invention can be used in
the reaction for producing propylene by catalytic cracking of
naphtha. The yield of dienes 15 of ethylene and propylene may be



25 of sesbania powder, methyl cellulose, dissolvable starch and
polyvinyl alcohol were added, wherein the feedstock proportion is
shown in Table 2, and other conditions are stated in Example 1, to
prepare a binderless zeolite catalyst. The results are shown in Table
3. 30 Example 23 The binderless catalyst prepared according to
Example 1 was exchanged with 5% of an ammonium nitrate solution three
times at 90C in a solid:liquid (catalyst:ammonium nitrate solution)
ratio of 1:10, and then  calcined at 550C for 3 h, to obtain a
hydrogen-type binderless ZSM-5/0 35 zeolite symbiotic molecular sieve
catalyst. The activity of the catalyst was  evaluated by using the
raw material C4-C10 light oils produced by Sinopec Shanghai Gaoqiao
Company and a fixed-bed reactor having a diameter of 12 mm under the
conditions of a reaction temperature of 650C, a reaction pressure of
0.02 MPa, a weight hourly space velocity of 1 h-1, a 5
water/feedstock oil weight ratio of 1:1. The product distribution
after half an hour is shown in Table 5; the ethylene weight yield is
28%; the propylene weight yield is 27%; the diene weight total yield
is 55% (see Table 6 for results). 10 Example 24 The binderless
catalyst prepared according to Example 8 was exchanged with 5% of an
ammonium nitrate solution three times at 90C in a solid:liquid
(catalyst:ammonium nitrate solution) ratio of 1:10, and then calcined
at 550C for 3 h, to obtain a hydrogen-type binderless molecular 15
sieve catalyst. The catalyst was evaluated by using methanol as the
raw material and a fixed-bed reactor having a diameter of 12 mm under
the conditions of 450C, a weight hourly space velocity of 1 h-1, a
water/methanol weight ratio of 1:1, a pressure of 0.02 MPa, to obtain
the ethylene weight yield of 25%, and the propylene weight yield of
45%. 20 Comparative Example 1 The catalyst was prepared according to
the same method as Example 1, except that sodium hydroxide was not
used. The results of the prepared catalyst are shown in Table 3.
According to the method of Example 23 25 above, a hydrogen-type
molecular sieve was prepared and evaluated by the same method, and
the results are shown in Table 6 below.     Crystallization 1 time
(h) 08  01  051 00Z  08  09  on  00Z  08  00Z  017  09  OVZ  00Z
Crystallization temperature (C) OL I  081  051  091  591  081  OL I
001  Og 1  051  091  081  OL I  001 Feedstocks Ilaium  Amount (g)  OZ
01   017  OZ 017 OZ  



OZ OZ  OZ  01, OZ  Induction materials Amount (g)   I   OZ  g'0  1.0
OZ  01    5 for each ro  OZ  01   adki, sodium hydroxide potassium
hydroxide magnesium hydroxide calcium oxide potassium oxide potassium
hydroxide potassium hydroxide sodium hydroxide sodium hydroxide
potassium hydroxide sodium hydroxide + potassium hydroxide potassium
hydroxide potassium hydroxide sodium hydroxide  Silica (8) OZ  01
51  08  OZ  08  5Z  Ln --. OZ 01 



OZ 08  5Z  Aluminum compounds Amount (g)   01   01  --,  01  01  01
5    01  01   adAl aluminium sulphate sodium aluminate  aluminium
chloride pseudo-boehmi te aluminium nitrate aluminium sulphate sodium
aluminate sodium aluminate sodium aluminate sodium alum mate
aluminium nitrate aluminium sulphate sodium aluminate  Molecular
sieves Amount (g) OE  Og  05  OS  08  OS  01  OL 01  OL  017  



08 01  OL   adAy al 1 U3p .1 0 161 Y zeolite MCM-22 ZSM-5/mordenite
ZSM-563 zcolite/Y zeolite ZSM-5/Yzeolite/ mordenitc ZSM-23 1 I -INSZ
617-IND IN  95-V4DIAI  ZSM-5/Y zeolite MCM-22/mordenite
ZSM-5/Magadiite ZSM-5/0 zeolite/mordenite Examples Example 3 Example
4 Example 5 Example 6 Example 7 Example 8 Example 9 Example 10 II
aidtuexa Example 12 Example 13 Example 14 Example 15 91 aidtusxg
Crystallization time (h) 08  09  on  OT  09  00E Crystallization
temperature (C) OLE  081 061  001  OS! Og Feedstocks Induction
materials (2) tumours/  1.0  OZ  01  



0 ctl In0    adXJ, sodium bisulphate sodium bisulphite potassium
phosphate potassium hydrogen phosphate potassium phosphate + sodium
bisulphate potassium dihydrogen phosphate  O 0,---, . - .--.WI .
-...-, C/) 08  OZ  08  IC) N kr) i-i o N  Aluminum compounds Amount
(g)   01  01  0 ,--.    adAj aluminum hydroxide aluminium nitrate
aluminium sulphate sodium aluminate sodium aluminate sodium aluminate
Pore-expanding agent Amount 



(g) .--i Z*0  1.0   i-o 90   odcj polyvinyl alcohol sesbania powder
dissolvabl e starch methyl cellulose sesbania powder + dissolvabl e
starch sesbania powder  Amount of molecular sieves (g) 08  08  01  OL
0T  OL cn 0 A% E ca X LLI Example 17 Example 18 Example 19 Example 20
Example 21 Example 22  Table 3  Examples Zeolite content (wt.%) in
the resultant binderless catalyst Binder content (wt.%) in the
resultant catalyst Strength of the resultant catalyst (newton per
grain) Pore volume (ml/g) Average 



pore diameter (nm) Porosity (vol.%) Example 1 99.8 0.2 150 0.34 62 32
Example 2 99.5 0.5 160 0.31 51 29 Example 3 99.4 0.6 170 0.21 60 25
Example 4 98.8 1.2 150 0.28 65 27 Example 5 97.9 2.1 150 0.26 64 26
Example 6 100 0 190 0.3 53 22 Example 7 98.5 1.5 175 0.29 58 24
Example 8 98.6 1.4 175 0.29 56 24 Example 9 95.0 5.0 80 



0.31 71 30 Example 10 98.4 1.6 160 0.24 54 26 Example 11 99.9 0.1 200
0.15 50 20 Example 12 95.5 4.5 110 0.26 65 28 Example 13 96.1 3.9 90
0.32 69 29 Example 14 98.5 1.5 175 0.19 54 27 Example 15 98.6 1.4 175
0.17 53 26 Example 16 95.0 5.0 80 0.32 70 30 Example 17 98.4 1.6 160
0.17 55 28 Example 18 99.9 0.1 200 0.10 49 



20 Example 19 98.5 1.5 175 0.14 52 26 Example 20 98.6 1.4 175 0.16 53
27 Example 21 95.0 5.0 80 0.27 70 31 Example 22 98.4 1.6 160 0.19 56
26 Com.Exp. 1 62.1 37.9 70 0.08 20 11  Table 4 Items Data Density
(20C) kg/m3 704.6 Distillation range Initial distillation range (C)
40 Distillation range Final distillation range (C) 160 Saturated
vapor pressure (20C) kpa 50.2 Alkane% (wt.%) 65.2 Cyclane% (wt.%)
28.4 Alkene% (wt.%) 0.2 Arene% (wt.%) 6.2   5Table 5   Product
distribution Product weight yield (%) 



Methane 5.2 Ethane 6.1 Ethylene 28.0 Propane 6.5 Propylene 27.0
Butane 8.7 Butene 7.6 Fractions having more than 5 carbons 8.8 Others
2.1  Table 6  Examples Catalyst intensity (Newton/grain) Ethylene
yield (wt.%) Propylene yield (wt.%) Diene yield (wt.%) Example 23 150
28 27 55 Com.Exp. 1 70 24 23 47  Example 25 5 60 g of ZSM-5 molecular
sieve having a Si-Al ratio (5i02/Al203 molecular molar ratio,
hereinafter inclusive) of 30, and 3.2 g of sesbania powder were
homogeneously mixed and stirred. 40 g of 40 wt.% of a silicasol was
added, homogeneously mixed and stirred. 10 ml of 1 mo1/1 of sodium
bicarbonate solution was then added, homogeneously mixed and stirred,
10 and extrusion-molded. The molded catalyst was dried at 80C for 3
h, fed into an autoclave the inner bottom of which contains water.
The catalyst was not brought in contact with liquid water, then
sealed in the autoclave and disposed in an oven, crystallized at 180C
for 60 h, taken out, water-washed twice, oven-dried at 120C in an
oven for 3 h, calcined in a 15 muffle furnace at 400C for 2 h and at
550C for 3 h, to obtain a binderless ZSM-5 catalyst. The XRD spectrum
of the prepared catalyst shows a pure ZSM-5 phase. The scanning
electron microscope graph thereof shows pure ZSM-5 crystal grains,
almost without any amorphous binder. The amorphous binder was in an
amount of 0.2%, and the crushing-resistant 20 strength of the
catalyst sample was determined to be 145 newtons per grain. By the
mercury-injection method, the pore volume is determined to be 0.38
ml/g; the average pore diameter thereof is 82 nm; and the porosity
thereof is 36%, as shown in Table 9.  Example 26 According to the
method in Example 1 of CN101428233A, a mixed crystal molecular sieve
of ZSM-5/(3 zeolite having a Si02/Al203 molecular molar ratio of 40
was prepared. 60 g of ZSM-5/(3 zeolite was added to 40 g of 40 5 wt.%
of a silicasol, homogeneously mixed and stirred. Then 20 ml of 1
mo1/1 of ammonium citrate was added, homogeneously mixed and stirred,
and extrusion-molded. The molded catalyst was dried at 80C for 3 h,
fed into an autoclave the inner bottom of which contains water. The
catalyst was not brought in contact with liquid water, then sealed in
the autoclave 10 and disposed in an oven, crystallized at 165C for 80
h, taken out, water-washed twice, oven-dried at 120C in an oven for 3
h, calcined in a muffle furnace at 400C for 2 h and at 550C for 3 h,
to obtain a binderless ZSM-5/0 zeolite catalyst are shown in Table 9.
The crushing-resistant strength of the catalyst sample was determined
to be 160 newtons per grain, 15 and the amorphous binder was in an
amount of 0.6%. By the mercury-injection method, the pore volume is
determined to be 0.37 ml/g; the average pore diameter thereof is 80
nm; and the porosity thereof is 35%. 20 Examples 27-40 Mordenite
having a Si-Al ratio of 20, 60 g of Y zeolite having a Si-Al ratio of
10, MCM-22 having a Si-Al ratio of 40, ZSM-5/mordenite symbiotic
molecular sieve having a Si-Al ratio of 20, ZSM-510 zeolite/Y zeolite
symbiotic molecular sieve having a Si-Al ratio of 40, ZSM-5/Y 25
zeolite/mordenite symbiotic molecular sieve having a Si-Al ratio of
20, ZSM-23 having a Si-Al ratio of 20, ZSM-11 having a Si-Al ratio of
30 , MCM-49 having a Si-Al ratio of 40, MCM-56 having a Si-Al ratio
of 60, ZSM-51Y zeolite symbiotic molecular sieve having a Si-Al ratio
of 20, MCM-22/mordenite having a Si-Al ratio of 40, ZSM-5/Magadiite
having a 30 Si-Al ratio of 200 and ZSM-5/(3 zeolite/mordenite having
a Si-Al ratio of 30 were respectively taken (the feedstock proportion
is shown in Table 7) to prepare a binderless mordenite catalyst
according to the method in Example 25, as shown in Table 9. 



35  Examples 41-46 The molecular sieves used in Examples 27-32 were
respectively used. During the molding, the pore-expanding agents
selected from the group consisting of sesbania powder, methyl
cellulose, dissolvable starch and 5 polyvinyl alcohol were added,
wherein the feedstock proportion is shown in Table 8, and other
conditions are stated in Example 25, to prepare a binderless zeolite
catalyst. The results are shown in Table 9. Example 47 10 The
binderless catalyst prepared according to Example 25 was exchanged
with 5% of an ammonium nitrate solution three times at 90C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and
then calcined at 550C for 3 h, to obtain a hydrogen-type binderless
ZSM-5/13 zeolite symbiotic molecular sieve catalyst. The activity of
the catalyst was 15 evaluated by using the raw material C4-C10 light
oils produced by Sinopec Shanghai Gaoqiao Company (see Table 4 for
the physical property indexes of the raw materials) and a fixed-bed
reactor having a diameter of 12 mm under the conditions of a reaction
temperature of 650C, a reaction pressure of 0.02 MPa, a weight hourly
space velocity of 1 111, a 20 water/feedstock oil weight ratio of
1:1. The product distribution after half an hour is shown in Table
10; the ethylene weight yield is 28%; the propylene weight yield is
28%; the diene weight total yield is 56%. Example 48 25 The
binderless catalyst prepared according to Example 32 was exchanged
with 5% of an ammonium nitrate solution three times at 90C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and
then calcined at 550C for 3 h, to obtain a hydrogen-type binderless
molecular sieve catalyst. The catalyst was evaluated by using
methanol as the raw 30 material and a fixed-bed reactor having a
diameter of 12 mm under the conditions of 450C, a weight hourly space
velocity of 1 11-1, a water/methanol weight ratio of 1:1, a pressure
of 0.02 MPa, to obtain the ethylene weight yield of 24%, and the
propylene weight yield of 47%. 35 Comparative Example 2 The catalyst
was prepared according to the same method as Example 25,  except for
that sodium bicarbonate was not used. The results of the prepared
catalyst are shown in Table 9. According to the method of Example 47
of the present invention, a hydrogen-type molecular sieve was
prepared and evaluated by the same method, and the results are shown
in 5 Table 11 below.   Crystallization time (h) 08  01  051  00Z  08
09  on 00Z  08  00Z  017  09  on 00Z Crystallization temperature (C)
OL I 081 051  091  591  081  OL I  001  051  051 091 081  OL I  001
Feedstocks Water I odic! OZ   01   017 OZ  017  OZ  



OZ  OZ OZ  017  OZ  Induction materials Amount (8) Iz I  Iaz 50  10
OZ  01  Ig   Iloilo Jai g 1.0  OZ  01   odAl sodium carbonate
potassium carbonate magnesium carbonate calcium citrate ammonium
bicarbonate ammonium carbonate potassium citrate sodium oxalate
ammonium oxalate potassium bicarbonate sodium carbonate + potassium
carbonate ammonium bisulfate ammonium bisulphite ammonium phosphate
(8) up!IIS  OZ 01  61  51 08  OZ  08  CZ  51  OZ  01  OZ  08 



5Z  Aluminum compounds Amount (8) I5 Io  01 --,  01  01  01  5  5
Cl 01    aluminium sulphate I sodium aluminate I sodium aluminate
aluminium chloride pseudo-boehmite aluminium nitrate aluminium
sulphate sodium aluminate sodium aluminate sodium aluminate sodium
aluminate aluminium nitrate aluminium sulphate sodium aluminate
Molecular sieves (8) lunotuy IIn  os 05  I08  08  08  01  Iaz, I OL
0 17  08  01  OL   od/(1 Mordenite Y zeolite MCM-22 ZSM-5/Mordenite
ZSM-5/13 zeolite/Y zeolite ZSM-5/Y zeolite/Mordenite 



ZSM-23 I 1-1AISZ  647IAIDIAI  95-1ADIN  ZSM-5/Y zeolite
MCM-22/Mordenite aaaw2nws-wsz  ZSM-5/0 zeolite/Mordenite Examples I
Example 27 I Example 28 Example 29 I Example 30 Example 31 Example 32
I Example 33 I Example 34 I Example 35 Example 36 Example 37 I
Example 38 Example 39 aidutexa   Crystallization time (10 OS  09  on
01  09  00E Crystallization temperature (C) 01.1  081  061 001  051
051 Feedstocks Induction materials Amount (S)  50 l'O  OZ  01  5 for
each 5   adAj, ammonium bicarbonate ammonium bisulphite ammonium
citrate ammonium hydrogen phosphate ammonium phosphate + ammoniurn
bisulphite ammonium dihydrogen 



phosphate  (2) Hollis  OS  OZ  08  5Z  In - OZ  Aluminum compounds
Amount (S)  -  01  01  01  5   adAl aluminum hydroxide aluminium
nitrate aluminium sulphate sodium alum mate sodium aluminate sodium
aluminate  Pore-expanding agent Amount (S)  - Z'O  10   - 90   adAl
polyvinyl alcohol scsbania powder dissolvable starch methyl cellulose
sesbania powder + dissolvable starch sesbania powder  Amount of 



molecular sieves (g) OS  08  01  OL  01 OL so icluiex3 Example 41
Example 42 Example 43 Example 44 Example 45 Example 46  Table 9
Examples Zeolite content (wt.%) in the resultant binderless catalyst
Binder content (wt.%) in the resultant catalyst Strength of the
resultant catalyst (newton per grain) Pore volume (mug) Average pore
diameter (nm) Porosity (vol.%) Example 25 99.8 0.2 145 0.38 82 36
Example 26 99.4 0.6 160 0.37 80 35 Example 27 99.2 0.8 170 0.31 80 35



Example 28 98.3 1.7 150 0.38 85 37 Example 29 98.9 1.1 150 0.36 84 36
Example 30 100 0 180 0.35 73 32 Example 31 98.5 1.5 175 0.3 78 34
Example 32 98.4 1.6 175 0.31 76 34 Example 33 95.5 4.5 80 0.51 100 30
Example 34 98.3 1.7 160 0.34 94 36 Example 35 99.8 0.2 185 0.35 80 30
Example 36 95.6 4.4 110 0.36 95 38 Example 37 96.5 



3.5 90 0.42 99 39 Example 38 98.3 1.7 175 0.39 84 37 Example 39 98.0
2.0 175 0.37 83 36 Example 40 95.4 4.6 80 0.52 90 40 Example 41 98.7
1.3 160 0.37 85 38 Example 42 99.9 0.1 180 0.31 89 31 Example 43 98.6
1.4 175 0.34 92 36 Example 44 98.5 1.5 175 0.36 93 37 Example 45 96.0
4.0 80 0.47 100 40 Example 46 98.3 1.7 160 



0.39 96 36 Com.Exp. 2 63.0 37.0 60 0.08 20 10  Table 10 Product
distribution Product weight yield (%) Methane 5.2 Ethane 6.1 Ethylene
28.0 Propane 6.5 Propylene 27.0 Butane 8.7 Butene 7.6 Fractions
having more than 5 carbons 8.8 Others 2.1  Table 11  Examples
Catalyst intensity (n/grain) Ethylene yield (wt.%) Propylene yield
(wt.%) Diene yield (wt.%) Example 47 145 28 28 56 Com.Exp.2 80 23 22
45  Example 49 5 500 g of kaolin and 2 g of sesbania powder were
homogeneously mixed. 2,000 g of distilled water was then added. The
mixture was high velocity-sheared with a high velocity shearing
machine at a rotating speed of 14,000 rpm for 30 minutes. 400 g of
ZSM-5 molecular sieve having a Si-Al molecular ratio of 30 was added,
and a high velocity shearing was 10 then conducted for another 30
minutes. 500 g of aluminum sol containing 20 wt.% of alumina was
added, and a high velocity shearing continued to be conducted for
another 30 minutes. 1 g of triammonium citrate was added, and a high
velocity shearing continued to be conducted for another 30 minutes. A
laser particle size analyzer was used to determine the 15 particle
size of the suspension, wherein the average particle size was 2 Am. A
spray-drier was used for spray-molding under the conditions of an
inlet temperature of 240C, an outlet temperature of 120C, a
centrifugal rotational speed of 10,000 rpm, a cyclone pressure
difference of 0.7 KPa at the outlet, a feeding rate of 1 kg/h, to
obtain a microsphere catalyst 20 precursor I. The catalyst precursor
I was calcined by the temperature programming method at 400C for 3 h,
and at 650C for 3 h, to obtain a calcined, molded catalyst precursor
II. A laser particle size analyzer was used to determine the particle
size of the calcined catalyst precursor II, wherein the average
particle size was 70 Am; the nitrogen adsorption and 25 desorption
method was used to determine the specific surface area, which was 310
m2/g; the average pore diameter was 3.5 nm; the density of the
catalyst was 0.8 g/ml; an abrader was used to determine the abrasion
index, which is 0.02 wt.%/h. 30 200 g of a calcined, molded catalyst
precursor II was disposed inside the autoclave, the bottom of which
contained 50 g of water and 50 g of ethylene diamine and was
separated by a screen. The catalyst was disposed onto the screen to
keep the catalyst from liquid water. The catalyst was sealed in the
-27-  autoclave and placed in an oven, crystallized at 180C for 80 h,
taken out, water-washed twice, oven-dried at 120C in an oven for 3 h,
calcined in a muffle furnace at 400C for 2 h and at 550C for 3 h, to
obtain a binderless ZSM-5 fluidized-bed catalyst. The XRD spectrum of
the prepared catalyst 



5 shows a pure ZSM-5 phase. The scanning electron microscope graph
thereof shows pure ZSM-5 crystal grains, almost without any amorphous
binder. The amorphous binder is in an amount of 0.2%, and other
results are listed in Table 14. 10 Example 50 The same method
according to Example 49 was used, except for that the template
ethylene diamine was not used. The scanning electron microscope of
the prepared catalyst shows a part of the binder is present, as shown
in Fig.4, wherein the amorphous binder is in a content of about 5%,
and other 15 results are listed in Table 14. Examples 51-59 The
ingredients in Table 12 and preparation conditions in Table 13 were
used, wherein silicasol contained 40 wt.% of silica, to prepare the
20 fluidized-bed catalysts according to the method in Example 49. The
properties of the prepared catalysts are shown in Table 13; and the
results of the prepared catalysts are shown in Table 14. Example 60
25 200 g of the fluidized-bed ZSM-5 catalyst prepared according to
the method in Example 48 was disposed in a fluidized-bed reactor
having an inner diameter of 50 mm. The activity of the catalyst was
evaluated by using as the raw material C4-C10 light oils produced by
Sinopec Shanghai Gaoqiao Company (see Table 4 for the physical
property indexes of the 30 raw materials) under the conditions of a
reaction temperature of 680C, a reaction pressure of 0.02 MPa, a
weight hourly space velocity of 1 h-', a water/methanol weight ratio
of 1:1. The product distribution is shown in Table 15, wherein the
ethylene weight yield is 28%; the propylene weight yield is 22%; and
the diene weight total yield is 50%. 35 Comparative Example 3  The
catalyst was prepared according to the same method as Example 50,
with the difference of using no dispersant. The results of the
prepared catalyst are shown in Table 14. The method in Example 60 was
used to evaluate. The obtained ethylene weight yield is 22.5%, the
propylene 5 weight yield of 20.3% and the diene weight total yield of
42.8%.   Template Amount (g) 0  oz  OZ  OI  OE  OZ  017  OZ  1.4 01.0
CI-I() 0 0 0 ea  oclAy Tetrapropyl- ammonium bromide tetrapropyl-
ammonium hydroxide ethylene diamine triethylamine flexamethylene-
imine hexanediamine ammonia tetraethyl- ammonium hydroxide ethylene
diamine and n-butylamine Dispersant Amount (g)  I--i 10   OE  Og  co



01  1. = 0 o al-I Ca Caa)  adAi, triammonium citrate ammonium
bicarbonate ammonium carbonate ammonium oxalate triammonium citrate
triammonium citrate triammonium citrate triammonium citrate
triammonium citrate + ammonium oxalate Pore-expanding agent (2)
tunottiv  OI  .-+   1  I OZ  T.,...t 0t) LI<a in0  adAy osoingaa
polyvinyl alcohol sesbania powder dissolvable starch carbon nano-tube
dissolvable starch  dissolvable starch dissolvable starch+ sesbania
powder Binder Amount (g)  00g  00g  



00g  OOSI  0001  0001 0001  0001 0" .. 0 - 0       0 0c+,czt .--.0.)
adAJ, Aluminum sol Aluminum sol Aluminum sol Aluminum sol 105 ummumpi
Aluminum sol Silica sol 105 ROWS Aluminum sol + Silica sol Substrate
Amount (g)  00C  00Z,  00.' 00C  0017  OOL 001  00g i., a m       0 0
el 0 0 N  adig, kaolin Calcined kaolin anwomip atiucquaq itgan Aro
kaolin kaolin Kaolin + bentonite Molecular sieve Amount (g)  0017
001  00g 001  0017  



001 009  00 ;., a.5       0 0 cd 0 C) N  adAy g-IA1SZ  al!uapioto
amoaz A fi zeolite  ZSM-5/ mordenite ZSM-5/ Y zeolite  ZSM-583
zeolite won g+ g-1NSZ_ Examples Example 51 Example 52 Example 53 17g
aidtuax3 SS aidtuex2 Example 56 Example 57 Example 58 Example 59
Abrasion index of the catalyst precursor II (wt.%/h) 100  0.t   01
co  ZO to o  Z0.0  800 Density of the catalyst precursor II (g/m1) 80
1.1 1!  6.0  8'0  90  Z.!  



Co  80 Average pore diameter of  the catalyst precursor II (nm)    g'
8Z  01  g I  0  V5 Specific surface area of the catalyst precursor 11
(m2/g) g61  061  0171  OLZ  091  081  091  081  001 Average particle
size of the catalyst precursor II (pm)  ZL  08  00! ' g9  09  s  9/..
L  99 Conditions for spray-molding Feeding speed (kg/h) N ,--. g'Z m
71- In N .--. g'0  cyclone pressure difference (Kpa) 9.0 L'O  50 170



90  60 90  g.0  centrifugal rotational speed (rpm) 0000! 0009  000g
12000 14000 000c! 0008  12000 0000! a)'4-.t.Cl)',---, ....:c)-
,.._ct, ,_, g'Z Z.  997 I'S V Z g'0 10  01  75= 45 vi o OZ 0 0! 017
gZ 0 OZ 0   0 sauluterg I g Kitting Example 52 Example 53 Example 54
SS aidumxg Example 56 Lg aidulexa 8g oidutex3 6g aidutexa  Table 14
Examples Zeolite 



content (wt.%) in the resultant binderless catalyst Binder content
(wt.%) in the resultant catalyst Pore volume (ml/g) Average pore
diameter (nm) Porosity (vol.%) Example 50 95.0 5.0 0.30 80 26 Example
51 96.1 3.9 0.26 83 30 Example 52 96.5 3.5 0.31 82 32 Example 53 95.4
4.6 0.32 80 31 Example 54 98.5 1.5 0.33 72 32 Example 55 96.4 3.6
0.30 75 30 Example 56 98.0 2.0 0.28 71 28 Example 57 95.0 5.0 0.40 95
26 Example 58 



98.1 1.9 0.29 92 29 Example 59 99.0 1.0 0.32 75 26 Com.Exp.3 96.7 3.3
0.32 82 30  Table 15  Product distribution Product weight yield (%)
Methane 5.5 Ethane 7.6 Ethylene 28.0 Propane 7.1 Propylene 22.0
Butane 8.2 Butene 8.4 Fractions having more than 5 carbons 9.3 Others
3.9  5 Example 61 500 g of kaolin, 2 g of sesbania powder and 20 g of
Wollastonite having a length-diameter ratio of 8 were homogeneously
mixed. 2,000 g of distilled water was then added. The mixture was
high velocity-sheared with a high velocity shearing machine for 30
minutes. 400 g of ZSM-5 molecular sieve 10 having a Si-Al molecular
ratio of 30 was added, and a high velocity shearing was then
conducted for another 30 minutes. 500 g of aluminum sol containing 20
wt.% of alumina was added, and a high velocity shearing continued to
be conducted for another 30 minutes. 1 g of triammonium citrate was
added, and a high velocity shearing continued to be conducted 15 for
another 30 minutes. A laser particle size analyzer was used to
determine the particle size of the suspension which was 2 Am. A
spray-drier was used for spray-molding under the conditions of an
inlet temperature of 240C, an outlet temperature of 120C, a
centrifugal rotational speed of 10,000 rpm, a cyclone pressure
difference of 0.7 KPa at 5 the outlet, a feeding rate of 1 kg/h. The
spray-molded particles were calcined by the temperature programming
method at 400C for 3 h, and at 650C for 3 h. A laser particle size
analyzer was used to determine the calcined catalyst precursor II,
wherein the average particle size was 68 Am; the specific surface
area was 305 m2/g; the average pore diameter was 3.2 10 nm; the
density of the catalyst was 0.9 g/ml; an abrader was used to
determine the abrasion index, which is 0.001 wt.%/h. 200 g of the
calcined and molded catalyst above was disposed inside the autoclave,
the bottom of which contained 50 g of water and 50 g of ethylene 15
diamine and was separated by a screen. The catalyst was disposed onto
the screen to keep the catalyst from liquid water. The catalyst was
sealed in the autoclave and placed in an oven, crystallized at 180C
for 40 h, taken out, oven-dried at 120C in an oven for 3 h, calcined
in a muffle furnace at 400C for 2 h and at 550C for 3 h, to obtain a
binderless ZSM-5 20 fluidized-bed catalyst. The XRD spectrum of the
prepared catalyst shows a pure ZSM-5 phase. The scanning electron
microscope graph thereof as shown in Fig.5 shows pure ZSM-5 crystal
grains. The amorphous binder is in an amount of 0.3%, and other
results are listed in Table 19. 25 Examples 62-70 The ingredients and
preparation conditions in Tables 16-18 were used, wherein silicasol
contained 40 wt.% of silica, to prepare the fluidized-bed catalysts
according to the method in Example 61. The properties of the prepared
catalysts are shown in Table 19. 30 Example 71 200 g of the
fluidized-bed ZSM-5 catalyst prepared according to the 



method in Example 61 was disposed in a fluidized-bed reactor having
an inner diameter of 50 mm. The activity of the catalyst was
evaluated by 35 using as the raw material C4-C10 light oils produced
by Sinopec Shanghai  Gaoqiao Company (see Table 4 for the physical
property indexes of the raw materials) under the conditions of a
reaction temperature of 680C, a reaction pressure of 0.02 MPa, a
weight hourly space velocity of 1 h-', a water/feedstock oil weight
ratio of 1:1, to obtain the ethylene weight yield 5 of 27%, the
propylene weight yield of 23% and the diene weight total yield of
50%.   Anti-wear agent 1 Amount (g) 01   OZ  01       "...0 0 0 tn0
Length/ diameter ratio 9  01  OZ  01   01   8  O --, '0 C ea oo
odAl wollastonite asbestos ceramic fiber glass fiber wollastonite
glass fiber ceramic fiber 01I1.101SUBOM  fiber   1UBS.10dSIG Amount
1.0 01  OC  



Og  5.0   01 " -0 0 0 N 0     adAj, tri- ammonium citrate ammonium
bicarbonate ammonium carbonate ammonium oxalate M.1110 mnruomaru 71-9
tri- ammonium citrate 01U.11I3 U1111U0111WE -14 tri- ammonium citrate
citrate+   Pore-expanding agent Amount (g)  01  .-..    .... I OZ   0
U 4. 0: inu     odic j, cellulose polyvinyl alcohol sesbania powder
dissolvabl e starch carbon nano-tube 



dissolvabl e starch  dissolvabl e starch -0 Ca > cn cn 0 co + o ca CO
as -- ca 1- 0  0 0. Binder Amount (g) 00g  005  00c  00g1  0001  0001
0001 0001  1. 0 t.-...0 0cd 0 0 0 --.     adAl Aluminum sol 108
umujumpv los tunu?Luniv Aluminum sol Aluminum sol 105 tunup.unpi
Silica sol Silica sol  sol   Substrate Amount (g) 005  OOL  00V  00C



0017  OOL  00?  00C  T.. 0       U 0 C 0 0 N     odX1 kaolin Calcined
kaolin diatomite al!uomaq  alp kaolin kaolin +2 C. E. -  -0 0- C a 2
Molecular sieve I Amount (g) 0017  00?  00g  00?  0017  001  009  00
1i: 1 3       0 0 c0 0 0 N     odX1 g-BISZ  almapiout amoaz A amoaz
Li MCM-22 ZSM-5/ mordenite ZSM-5/Y zeolite 011100Z dis-vmsz  0 73 EnN
N 0:2. + 



Examples Example 62 Example 63 Example 64 Example 65 Example 66
Example 67 Example 68 Example 69 Example 70   o 0a2 s . 9to. . .2. .
c d6 .5 T- o. 1000 8.0  S*0  '0 S00.0  1.0 coot  3000  ZO*0  c*. o7,
8 -  >-.  ..,,) -7, ..c To0en ....,...o Co 0 o 0p, - 6.0  3.1 ' 0' I
6.0  CO .1  8.0  6.0  os...?-8 - t,8O - Ta ..,.>P. a "5rt0 - ,E. - 0.
5*  8.3 01 51  01  V'S 0,- - 00., .0-0bo F_>.4 0 ch.0 7,37E
03.......0 0.7ct0''''' Ch700$-- 



c.  ct S63 063  017Z OLZ  093  083 OLZ  081  001  0s... 00 .7 .-0-'
T-0 *-=17,77. 0c.,LC-- >C0c150_. ..<c., .N0its. ?- ing ZL  08  001 59
09  85 9L  OL  99  Conditions for spray-molding t.0 c .0 2 w   S'Z
5.0         0 0 0 0 C ie = 0u,2a. - , >,,ss_ss Cl 90  CO  S'0   90
8.0  6.0  90  5.0  -idE ba cas 0u. ts4.a--0          0 0 00 0 s- 0-
3-0 00001  0009  0005  



12000 14000 00051  0008 00031 00001  0 I- 0 r.)rci  -0 500  0 s- su
OS1  OL1 051  031  081  001  OH OZ I 0 1  0 s- 0 .- 0 _a ......, E 0
017Z  081 063  00  05  003  OLZ 017Z 05Z 0 NC 0 ,7,,...., 0te.,cE -6
o o cn Et.7 S'Z 3- 917  1.S  177  co  1 '0 0' I 8.3 -0 :=... 00... 0
OZ 0 



01  017  SZ  0  OZ 0 0 C 0 -CFC. p ga  X LIJ Example 62 Example 63
179 idulex3 59 aidutexa 99 at dulex3 L9 aithunxa Example 68 Example
69 Example 70  Table 18 Examples Template used therein
Crystallization temperature (C) Crystallization time (h) Calcining
temperatu re (C) Calcining time (h)  Type Amount (based on the weight
percent of the molded and calcined catalyst precursor)     Example 62
triethylamine 5 180 80 600 



2 Example 63 ethylene diamine 50 300 10 500 4 Example 64
hexanediamine 30 150 150 550 3 Example 65 tetraethylammonium
hydroxide 200 130 200 400 10 Example 66 hexamethyleneimine 150 170 80
700 1 Example 67 triethylamine 100 180 60 600 3 Example 68
tetrapropylammonium bromide 80 190 240 550 4 Example 69 hexanediamine
25 100 10 650 3 Example 70 tetrapropylammonium hydroxide 120 150 



60 450 8  Table 19  Examples Zeolite content (wt.%) in the resultant
binderless catalyst Binder content (wt.%) in the resultant catalyst
Pore volume (ml/g) Average pore diameter (nm) Porosity (vol.%)
Example 61 95.0 5.0 0.30 94 35 Example 62 96.0 4.0 0.36 95 34 Example
63 97.3 2.7 0.33 82 31 Example 64 96.0 4.0 0.34 81 30 Example 65 95.5
4.5 0.50 92 34 Example 66 98.2 1.8 0.32 84 35 Example 67 99.1 0.9
0.41 87 30 Example 68 98.2 1.8 



0.30 91 31 Example 69 97.5 2.5 0.33 90 34 Example 70 98.5 1.5 0.34 83
31  Claims 1. A binderless molecular sieve catalyst, comprising,
based on the weight of the catalyst, 90-100 wt.% of a molecular
sieve, 0-10 wt.% of a binder, 5 and 0-10 wt.% of an anti-wear agent,
wherein said catalyst has a pore volume of 0.10-0.52 ml/g, an average
pore diameter of 50-100 nm, and a porosity of 20-40%; the anti-wear
agent is selected from the rod or needle-like inorganic materials
having a length/diameter ratio of 2-20. 10 2. The binderless
molecular sieve catalyst according to claim 1, characterized in that
the catalyst has a pore volume of 0.15-0.3 ml/g, an average pore
diameter of 50-70 mm, and a porosity of 20-30%.   3. The binderless
molecular sieve catalyst according to claim 1, 15 characterized in
that the catalyst has a pore volume of 0.31-0 5 ml/g, an average pore
diameter of 71-100 nm, and a porosity of 31-40%. 4. The binderless
molecular sieve catalyst according to claim 1, characterized in that
the molecular sieve in the binderless molecular sieve 20 catalyst
comprises at least one selected from the group consisting of ZSM-5,
ZSM-23, ZSM-11, mordenite, Y zeolite, (3 zeolite, MCM-22, MCM-49,
MCM-56, ZSM-5/mordenite, (3 zeolite/mordenite, ZSM-5/(3 zeolite,
ZSM-5/Y, MCM-22/mordenite, ZSM-5/Magadiite, ZSM-5/0
zeolite/mordenite, ZSM-5/(3 zeolite/Y zeolite and ZSM-5/Y 25
zeolite/mordenite. 5. The binderless molecular sieve catalyst
according to claim 1, characterized in that the anti-wear agent is at
least one inorganic material selected from the group consisting of
asbestos, ceramic fiber, glass fiber, 30 and wollastonite mineral,
wherein the anti-wear agent has an average length of 1-100 /frtm and
a length/diameter ratio of 3-10 and is in an amount 2-10 wt.% based
on the weight of the calcined end product of the catalyst.     6. A
process for preparing a binderless molecular sieve catalyst according
35 to claim 1, comprising the steps of a) based on the weight of the
molded and calcined catalyst, mixing -38 -  10-80 wt.% of a molecular
sieve, 0.1-20 wt.% of an induction material, 0-20 wt.% of an aluminum
compound and 10-80 wt.% of silica, molding and drying to obtain a
molded catalyst precursor mix I, wherein the weight percent of the
aluminum compound in the mix I is less than that of silica;  5 b)
crystallizing the mix I at 100-200C in water vapor or template vapor
for 10-300 h, to obtain a binderless molecular sieve catalyst
precursor;    c) drying the catalyst precursor, and calcining at
400-700C for 1-10 h to obtain a binderless molecular sieve catalyst;
10wherein the induction material is at least one selected from the
group consisting of i) oxides or hydroxides of the elements of Group
IA or IIA of the Periodic Table of Elements, or salts of weak acids
thereof, ii) carbonates, bicarbonates, oxalates, or citrates of the
elements of Group IA or IIA of the Periodic Table of Elements, or
iii) at least one ammonium 15 salts; the aluminum compound is at
least one selected from the group consisting of aluminum salts,
aluminum oxides, hydrous oxides of aluminum and hydroxides of
aluminum. 7. The process for preparing a binderless molecular sieve
catalyst 20 according to claim 6, characterized in that the template
is at least one selected from the group consisting of ammonia,
ethylene diamine, triethylamine, n-butylamine, hexanediamine,
tetrapropylammonium bromide or tetrapropylammonium hydroxide,
tetraethylammonium hydroxide, tetraethylammonium bromide and
hexamethyleneimine, and is 25 in an amount of 5-200 wt.% based on the
weight of the mix I. 8. The process for preparing a binderless



phosphate and diammonium phosphate. 10 11. The process for preparing
a binderless molecular sieve catalyst according to claim 6,
characterized in that, based on the weight of the molded and calcined
catalyst, the molecular sieve in step a) is in an amount of 20-70
wt.%; the induction material is in an amount of 0.5-10 wt.%; the
aluminum compound is in an amount of 1-15 wt.%; and silica is 15 in
an amount of 30-70 wt.%. 12. The process for preparing a binderless
molecular sieve catalyst according to claim 6, characterized in that
the crystallization is carried out at 120-200C for 20-200 h. 20 13.
The process for preparing a binderless molecular sieve catalyst
according to claim 6, characterized in that, during the molding
process of step a), at least one pore-expanding agent selected from
the group consisting of methyl cellulose, polyvinyl alcohol, sesbania
powder, 25 dissolvable starch and carbon nano-tube is added in an
amount 0.1-2 wt.% based on the weight of the molded and calcined
catalyst. 14. The process for preparing a binderless molecular sieve
catalyst according to claim 1, comprising the steps of 30(a)
homogeneously mixing a molecular sieve, a binder, a dispersant having
an induction action, a liquid medium, an optional pore-expanding
agent, an optional substrate material, and an optional anti-wear
agent to form a suspension, wherein the dispersant is selected from
the group consisting of i) salts of weak acids of the elements of
Group IA or IIA of 35 the Periodic Table of Elements, or ii)
carbonates, bicarbonate, oxalates and citrates of ammonium;       (b)
high velocity shearing and diffusing to control the particle size of
the materials in the suspension within 0 1-5 /Lm;      (c)
spray-drying said suspension to form a microsphere catalyst precursor
I; 5(d) calcining such microsphere catalyst precursor I at 300-700C
for 1-10 h to obtain a catalyst precursor II;      (e) crystallizing
the catalyst precursor II at 100-300C in water vapor or template
vapor for 10-240 h, to obtain a catalyst precursor III;          (f)
calcining such microsphere catalyst precursor III at 400-700C for 10
1-10 h to obtain a end product of the catalyst. 15. The process for
preparing a binderless molecular sieve catalyst according to claim 6
or 14, characterized in that the molecular sieve is at least one
selected from the group consisting of ZSM-5, ZSM-23, ZSM-11, 15
mordenite, Y zeolite, /3 zeolite, MCM-22, MCM-49, MCM-56,
ZSM-5/mordenite, ZSM-5/0 zeolite, ZSM-51Y, MCM-22/mordenite,
ZSM-5/Magadiite, zsm-51,6 zeolite/mordenite, ZSM-5/13 zeolite/Y
zeolite and ZSM-5/Y zeolite/mordenite, and is in an amount of 10-80
wt.% based on the weight of the molded and calcined catalyst. 20 16.
The process for preparing a binderless molecular sieve catalyst
according to claim 14, characterized in that the binder is at least
one selected from silicasol and aluminum sol, and is in an amount of
2-70 wt.% based on the weight of the calcined end product of the
catalyst. 25 17. The process for preparing a binderless molecular
sieve catalyst according to claim 14, characterized in that the
substrate material is at least one selected from the group consisting
of kaolin, calcined kaolin, diatomite, bentonite, argil and clay, and
is in an amount of 0-50 wt.% 30 based on the weight of the calcined
end product of the catalyst. 18. The process for preparing a
binderless molecular sieve catalyst according to claim 14,
characterized in that the pore-expanding agent is at least one
selected from the group consisting of methyl cellulose, polyvinyl 35
alcohol, sesbania powder, dissolvable starch and carbon nano-tube,


