Bi nderl ess Ml ecul ar Sieve Catal yst and a Preparation Method Ther eof
Technical field 5 The present invention relates to a binderless

nol ecul ar sieve catalyst and a process for preparing the sane.
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wor se bi ngl ng property and too small _particle size, nnolecular sieves
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nol ecul ar sieves is generally higher. If 100% nol ecul ar sieves are

used as thc industril?FI 20 catal yst, the operation cost of the
i ndust r P& (iﬁgrd)c!&gl lcreases. The industri al process generally
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the catalyst and the flow pipe wall all will grind and damage the catalyst
35  $0 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
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- 400-700C for 1- t o obt |na

novel preparation process for the binderless nolecul ar sieve

fi xed-bed catal yst as nentioned in the above first technical problem
to be solved. 10 Such process has the advantages of sinple
preparation, |ower cost and environnmental protection. The third
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agent, wherein said catalyst has a pore volunme of 0.10-0.52 m/g, an
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group consisting of i) oxides or hydroxides of the elenents of G oup
A or IIAof the Periodic Table of Elenents, or salts of weak acids
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content in the catalyst is less than 10%.
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US6509290 discloses a process for preparing a molecular sieve catalyst,
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present invention is nmeasured and cal cul ated according to such shape.
In addition, the catalyst precursor mx | can also be nade as
required into a cellular form a clover form a hollow tubular or a
spherical form and the strength standard is extra. 5 Anong the

charact Whﬁ:‘h”%d?ﬁﬁﬁiss gholée@ulak ”ﬁ%ﬁfleeéénﬁa?lh@ﬁ%sﬁttr%ﬁﬁl 'ﬁaﬂf@@st #nd virgin

determ ne fhe_phase contained, therein e _cont ent (i) ach phase;
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nm  Theatieitdby Particlbosubetdraidlly danagetoogokbe testing rmchl ne to
determ ne the nmaxi num pressure suffered when the catalyst is crushed.
The crushing strength of 10 particles of the catalyst is neasured to

t ake the average. The pore volune, average 20 pore dianeter and
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si eve, aaltindieg suldnspeusentt lugh tempeeaturdydoi formct icatalyat Iregistant to
medi um ﬁ” optional pore-expandi ng agent, an optional substrate
materl aft an optional anti-wear agent to forma suspension,

[il n the d| spersant is selected fromthe group 30 consisting of i)
sal of weak acids of the elenments of Goup A or II1A of the
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has a certain strength, it has a reduced effective availability and worse
activity and diffusivity.
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site nunber in the catalyst per unit volune is greater, so that the

bi nderl ess 35 nol ecul ar sieve catal yst has a higher activity. Since

the crystal grains of the binderless catal yst nol ecul ar sieves

obtai ned by crystal conversion are interlaced with each other, and

cl osel ydgha&H@t 66 the ihveatio@t her, the catal yst strength may reach

120- 200_newt on per grain, preferab hi gher than 180 newton per )
grain. %ecéflréttmedﬁaﬁe t@agebéoiyfﬁciﬁéﬂtgarpr@smﬁelmf%mn iSotu PrEVdAe a
the tec j V§; [ i i e

et or R SRl RERCTABIQUIST /ST CARISSE Shich i PhLeyddhrages of
oxal at ehighet retisityy gueater porsamvodume haigss auerage tpergrdipmeteroand

nditi BREGELY oROATTRG: ERECEIETal “conver &i on and Lo pr oduce some

macr opores due to deconposition of the salts and thus have the

functi or.of .the 10 re-e ndi ng. agent .., Thus t he .produced.cat al yst.
has. t he itk strond PIBIERE B0 s0dv e il et MyBRYEET 15 HoprdVide o
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pr oduce cording to.the. presgent Jinvention, can .be . used.in the
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than 53% npore preferably higher than 55% Tn the third aspect of the
pr esent CNKHUONMEAalProtestiotone sel ected from the group consisting

of, e.g. tri-amoniumcitrate, anmoni um oxal ate, ammoni um car bonat e
and ammoni um bi carbonate is added -to nake the 20 conponents in the
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B hi b ; S0 / ) A : ey
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weak aci ar t o] S0, as ¢t c [ [

advant ag0ole PFaCESY i, 66 REPETSsT 3 RbRGdiEpaRiPr, dowh shst nd
and suréavercamentdl pmitectioar. si eves. \Wen the dispersant is selected
fromthe salts of weak acids of the elenents of Goup I|A or Il1A such
di spersant has a certain |ow acidity. Even if heated and deconposed,

the di shemsfinit Afyedir ofiuse presédi mvasion Ok deder Tosdlvesbrctirstf problem
ic oxj,des is advant ageous to 30.convert. the. bi nder ,and
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tenpl at @aﬁlx@'&ﬁﬁiygfsiﬁ ehased e IBeSweight 6f tROT@¥ARRESO0BY008Yt. % of a
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O F 1 us! Mkbitr, 296 0881d Akl Tdeat Bokbevafitind ofF 01110 55Ash1/gN%an
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geneous, e Su ances can Cros

t o eachhavheg a lemethidinesetefr ratw 6f@-2par ed catal yst are closely
integrated wth each other, so that the end product catal yst obtained
t hereby has a hi gher abrasion strength. Since the fornulated slurry

ils holrmhgnﬁtgwi, ﬂh%}ﬁ@?ﬁ%ﬁ@(ﬁiig@lﬁuﬁﬁbagcﬁﬁtdm Edjlﬁ ¢htallysidezanin t the
Cl 0se | 0 eacC 0 r addgl n S| enaer .Cr al anl i - ar a S
havi ng’ BUHIGHERS ST PErGHATY S 100Y (Rerlens dHaBnS oMt om D S6Ta g, e¥i6 Chan 2
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and an abradion index as hfgh as 0.001 wt.%h (e.g. 0.001-0.0

wt % h) , caiddyskhi eves a better technical effect. The fl uidi zed- bed

catal yst produced according to the present invention can be used in
the reaction for producing propylene by catalytic cracking of

napht haln Tme preferred amﬁmﬁmalbfth@t bgtadyet as prippd eodumsy obed.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%.
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25 of sesbani a powder, nethyl cellul ose, dissolvable starch and

pol yvi nyl al cohol were added, wherein the feedstock proportion is
shown in Table 2, and other conditions are stated in Exanple 1, to
prepare a binderless zeolite catalyst. The results are shown in Table
3. 30 Exanpl e 23 The binderl ess catal yst prepared according to
Exanmpl e_1 was exchanged with 5% of an ammonj um nitrate solgbion three

times alno@o& rpretemady: embodiment: athet mokesHlaim sicveat $beutiingdprless
ti 10, i C , :

212 OmiekpP et DoLuatAl LA AL oP RO LY dnb sdIRcR B he, group

cat al ystonSising tof/ iASMof, thAEM a2 3l YSMndd, mondenited Yyzenlitey Bhecolite,
S orial > . ; . - eh >t ; _

Compiny MGH:EE) SHCMEH. MCVPIRGT N PRt B YRl it

condi t i @i8vVieb/@ Lm]ﬁteqln YSMebAY ur d\/i(ﬁl\/ﬁ-%mincﬁrd&rﬁte,goriﬂi\/bﬁh{@aﬂiite,

0.02 MP hght ace v | o] h- a .

wat o | 1 00828 e TElpheBAHE, ' G- 78 ShedpleN c 2eBlite, angt | ZSM-5/Y

after hgkblizeymhordengeshown in Table 5; the ethylene weight yield is

28% the propylene weight yield is 27% the diene weight total yield
I's 55% (see Table 6 for results). 10 Exanple 24 The binderl ess

cat g yS{n RIRPdr8fbraed Bibodihfe e AR 8- wesr ag@h@rig%ﬂ Mak onl fﬁo@%mic
anmoniumnitrate solutlgn three fines at 90C i n solid:liquid

(cat al yBtatgridnselacied Bams et gomp reanysings ofoashesfosnereraanisa fier,
at 550C Mﬁrs $itbr téhci’%}lfés?oﬂﬁerﬁﬁﬁ@réb’pﬁhb*@réﬁf.rthésénﬁﬂ’%%?'@%erhﬁhas a
al'yst. The catalys ed by _as the

si eve cat . t was eval uat uigﬂg met hano
raw nat engih afd -400i pevahd®e lengthddidmeteyratiadichet ¥ asd moimanamennt

vt ot/ not Panlr Re5RE B PO Ih cBREGRA GaPrblih of the'eqBlyst
zgg}iégykgne wei ght yieldlof 2?@% an? t he propylfne reight yield ofO
the sanbiiitneacke el el (B8 Blidt bR TRSAPES: SECRLd Tgohf the
used. Theoupsuddsistihigt desilicpsokdndadlanystumrsolshown in Table 3.

According to the nethod of Exanple 23 25 above, a hydrogen-type
nol ecul ar sieve was prepared and eval uated by the same net hod, and

(1 o2 BEnBPel TPy njpl Y3{GHAZE hed i Eccond

Cry20 al prablémnabeveetia presé¢n) imrentiodstoniise0alprésdss @l preparing a
001 Oy 1051 < 09 c Ot oBvd calllbsl oSSR R Y iR (9) O

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 [ is less than that of silica;

b) crystallizing the mix I at 100-200°C in water vapor or template

vapor for 10-300 h, to obtain a binderless molecular sieve catalyst

precursor;
30 ¢) drying the catalyst precursor, and calcining at 400-700°C 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, i1) at least
35 one selected from the group consisting of carbonates, bicarbonates,
oxalates, citrates and ammonium salts of the elements of Group 1A or [IA
-5-
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Z :
selectod from the grouprconsisting of aluminum safts, (a%w)ummum oxides,

hydrous oxides of aluminum and hydroxides of aluminum.

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
zeolite, B =zeolite, MCM-22, MCM-49, MCM-56, ZSM-5/mordenite,
ZSM-5/8 zeolite, ZSM-5/Y, MCM-22/mordenite, ZSM-5/Magadiite,
ZSM-5/8 zeolite/mordenite, ZSM-5/3 zeolite/Y zeolite and ZSM-5/Y
zeolite/mordenite.

In one preferred embodiment, the template is at least one selected from the
group consisting of ammonia, ethylene diamine, triethylamine,
n-butylamine, hexanediamine, tetrapropylammonium bromide or
tetrapropylammonium  hydroxide, tetracthylammonium  hydroxide,
tetraethylammonium bromide and hexamethyleneimine, and is in an
amount of 5-200 wt.% based on the weight of the mix I.

In one preferred embodiment, the element of Group IA is at least one
selected from the group consisting of sodium and potassium.

In one preferred embodiment, the element of Group IIA is at least one
selected from the group consisting of magnesium and calcium.

In one preferred embodiment, the salt of weak acids is at least one selected
from the group consisting of bisulfate, sulfite, hydrosulfite, phosphate and
biphosphate.

In one preferred embodiment, the ammonium salt is at least one selected
from the group consisting of ammonium carbonate, ammonium
bicarbonate, ammonium citrate, ammonium oxalate, ammonium sulphate,
ammonium bisulphate, ammonium sulphite, ammonium bisulphite,
ammonium phosphate, ammonium hydrogen phosphate and diammonium
phosphate.

In one preferred embodiment, the molecular sieve in step a) is in an

-6-
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catalyst

In one preferred embodiment, the induction material in step a) is in an
amount of 0.5-10 wt.%, based on the weight of the molded and calcined
catalyst.

In one preferred embodiment, the aluminum compound in step a}) is in an
amount of 1-15 wt.%, based on the weight of the molded and calcined
catalyst.

In one preferred embodiment, silica in step a) is in an amount of 30-70
wt.%, based on the weight of the molded and calcined catalyst.

In one preferred embodiment, the crystallization is carried out at
120-200°C for 20-100 h.

In one preferred embodiment, 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, dissolvable starch
and carbon nano-tube is added in an amount of 0.1-2 wt.%, based on the
weight of the molded and calcined catalyst.

In one preferred embodiment, the catalyst prepared according to the
aforesaid aspect has a strength of 60-200 newton, preferably 100-180
newton.

The binderless catalyst prepared according to the aforesaid aspect 1s
preferably useful in the reactions of preparing low carbon olefins by
catalytic cracking of naphtha and by methanol dehydration.

Upon extrusion, the catalyst precursor mix I is present in a form of a long
strip solid having a tangential plane in a cylindrical form and a diameter of
0.5-2 mm, and is dried and crushed into short cylindrical catalyst strips
having a length of 5 mm per particle for convenience of crystal conversion
treatment and evaluation. The mechanical strength of the catalyst in the
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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 ym;
35 (c) spray-drying said suspension to form a microsphere catalyst
precursor [;
-8-
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(e) crystallizing the catalyst precursor II at 100-300°C in water vapor

or template vapor for 10-240 h, to obtain a catalyst precursor III; and
(f) calcining such microsphere catalyst precursor III at 400-700°C 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
zeolite, (8 zeolite, MCM-22, MCM-49, MCM-56, ZSM-5/mordenite,
ZSM-5/8 zeolite, ZSM-5/8 =zeolite, ZSM-5/Y, MCM-22/mordenite,
ZSM-5/Magadiite, ZSM-5/3 zeolite/mordenite, ZSM-5/8 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.

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.

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.

In one preferred embodiment, the pore-expanding agent is at least one
selected from the group consisting of methyl cellulose, polyvinyl alcohol,
sesbania powder, dissolvable starch and carbon nano-tube, and is in an
amount 0.1-5 wt.% based on the weight of the molecular sieve in the
calcined end product of the catalyst.

In one preferred embodiment, the salt of weak acids is at least one selected
from the group consisting of bisulphate, sulphite, hydrosulfite, phosphate
and biphosphate.

In one preferred embodiment, the dispersant is at least one selected from
the group consisting of tri-ammonium citrate, ammonium oxalate,

9.
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5 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 yum 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.

10
In one preferred embodiment, the liquid medium is distilled water.
In one preferred embodiment, the solids content of the suspension in step
(a) 1s preferably 10-50%.

15

In one preferred embodiment, the particle size of the materials is
controlled to be 0.1-2 um by using a high velocity shearing or cyclic
emulsification method.

20 In one preferred embodiment, the spray-drying is conducted under the
conditions of an inlet temperature of 180-350°C, an outlet temperature of
100-180°C, a centrifugal rotational speed of 5,000-15,000 rpm, and a
cyclone pressure difference of 0.5-1.0 KPa at the outlet.

25 In one preferred embodiment, after the spray-dried catalyst is calcined at
high temperature, the particles of the catalyst precursor II have an average
particle size of 50-90 pm, a specific surface area of 100-300 m%/g, an
average pore diameter of 1-20 nm, a density of 0.6-1.2 g/ml and an
abrasion index of 0.005-1.2 wt.%/h (when an anti-wear agent is added, the

30 abrasion index may reach 0.001 wt.%/h).

In one preferred embodiment, the template is at least one selected from the

group consisting of ammonia, ethylene diamine, triethylamine,

n-butylamine, hexanediamine, tetrapropylammonium bromide or

35 tetrapropylammonium  hydroxide, tetraethylammonium  hydroxide,

tetraecthylammonium bromide and hexamethyleneimine, and is in an
-10-
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catalyst precursor II.

In one preferred embodiment, the crystallization is carried out at
120-200°C for 20-200 h.

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
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 abrasion index of the catalyst is determined
by the solid granular catalyst abrasion tester, wherein nitrogen gas is sued
as the carrier gas. The pore volume, average pore diameter and porosity of
the catalyst are determined by the mercury injection method. The specific
surface areas of the catalyst precursor II and end product catalyst are
determined by the nitrogen temperature programmed desorption.

In the second aspect of the present invention, the environment and material
proportion adapted to the growth of molecular sieves are controlled by
using as the crystal seed the molecular sieves added into the molded
catalyst, so as to nucleate the binder and to make it grow under the
common induction of the crystal seed and induction materials and only in
an environment of water vapor. As a result, the binder is converted into the
effective component of molecular sieves, so as to obtain a binderless
molecular sieve catalyst and to achieve the object of simplicity and
environmental protection. In the produced binderless molecular sieve
catalyst, the binder may be in an amount of less than 2 wt.%, preferably
less than 1 wt.%, or even there is no binder (i.e. the catalyst merely
contains molecular sieves and an optional anti-wear agent). Since the
molecular sieve content in the catalyst per unit volume is higher, the active
site number in the catalyst per unit volume is greater, so that the binderless
molecular sieve catalyst has a higher activity. Since the crystal grains of
the binderless catalyst molecular sieves obtained by crystal conversion are

-11-
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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
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
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
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
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
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
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.

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

-12-
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and the substances can closely bind to each other, the phases of the
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
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
of ethylene and propylene may be higher than 50%.

Unless otherwise noted, the percent in the present invention refers to the
weight percent.

Description of the drawings
Fig.1 shows the XRD spectrum of the binderless ZSM-5 catalyst prepared
according to Example 1.

Fig.2 shows the scanning electron microscope graph of the binderless
ZSM-5 catalyst prepared according to Example 1.

Fig.3 shows the scanning electron microscope graph of the binderless
catalyst prepared according to Example 2.

Fig.4 shows the scanning electron microscope graph of the catalyst
prepared according to Example 50.

Fig.5 shows the scanning electron microscope graph of the binderless
ZSM-5 catalyst prepared according to Example 61.

Embodiments

-13-
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the molding, the pore-expanding agents selected from the group consisting
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 90°C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and then
calcined at 550°C for 3 h, to obtain a hydrogen-type binderless ZSM-5/3
35 zeolite symbiotic molecular sieve catalyst. The activity of the catalyst was
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12 mm under the conditions of a reaction temperature of 650°C, a reaction
pressure of 0.02 MPa, a weight hourly space velocity of 1 h', 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% (sce
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 90°C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and then
calcined at 550°C 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 450°C, a weight hourly space velocity of 1 h', 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.
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Qz Al um num conpounds
adAl al um num hydr oxi de al um ni um

nitrate al um ni um sul phate sodi um al um nmate sodi um al um nate sodi um

al um nate Pore-expandi ng agent Amount (S) - Z O 10 - 90 adAl
pol yvi nyl alTghrl 3scsbani a powder dissol vabl e starch nethyl cellul ose
sesbani p—powder g-ssol-vabl-p—stareh—sgshbant-a—powder—Amrpurt—of
ExampTes Zeolite content Binder Strengt‘fl‘ of ore Kverage Porosity
(wt.%) in the content the volume pore (vol.%)
resultant (wt.%) 1n the resultant (ml/g) diameter
binderless resultant catalyst (nm)
catalyst catalyst (newton
per grain)
Example 1 698 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 21 150 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 i10 0.26 65 28
Example 13 96.1 3.9 %0 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 29 11
Table 4
Items Data
Density (20°C) kg/m3 704.6
Distillation range
Initial distillation range (°C) 40
Distillation range
Final distillation range (°C) 160
Saturated vapor pressure (20°C) kpa 50.2
Alkane% (wt.%) 65.2
Cyclane% (wt.%) 28.4
Alkene% (wt.%) 0.2
Arene% (wt.%) 6.2

5

Table 5
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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

0 0.31 80 35

Catalyst intensity
{Newton/grain)

Examples

Ethylene yield
{(wt.%)

Propylene yield
(wt.%)

Diene yield
{wt.%)

Example 23 150

23

27

55

Com.Exp. 1 70

24

23

47

Example 25

60 g of ZSM-5 molecular sieve having a Si-Al ratio (Si0,/Al;0; 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 mol/l of sodium
bicarbonate solution was then added, homogeneously mixed and stirred,
and extrusion-molded. The molded catalyst was dried at 80°C 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 180°C for 60 h, taken out,
water-washed twice, oven-dried at 120°C in an oven for 3 h, calcined in a
muffle furnace at 400°C for 2 h and at 550°C 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
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 1s 82 nm; and the porosity
thereof 1s 36%, as shown in Table 9.

10

15

20
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28 98.3 1.7 150 0.38 85 37 Exanple 29 98.9 1.1 150 0.36 84 36
30 100 0 180 0.35 73 32 Exanple 31 98.5 1.5 175 0.3 78 34

32 98.4 1.6 175 0.31 76 34 Exanple 33 95.5 4.5 80 0.51 100 30
34 98.3 1.7 160 0.34 94 36 Exanple 35 99.8 0.2 185 0.35 80 30

E%{%ilﬁi)l@ % 4 110 0.36 95 38 Exanple 37 96.5

According to the method in Example 1 of CN101428233A, a mixed crystal
molecular sieve of ZSM-5/8 zeolite having a S10,/Al,03; molecular molar
ratio of 40 was prepared. 60 g of ZSM-5/8 zeolite was added to 40 g of 40
wt.% of a silicasol, homogeneously mixed and stirred. Then 20 ml of 1
mol/l of ammonium citrate was added, homogeneously mixed and stirred,
and extrusion-molded. The molded catalyst was dried at 80°C 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 165°C for 80 h, taken out,
water-washed twice, oven-dried at 120°C in an oven for 3 h, calcined in a
muffle furnace at 400°C for 2 h and at 550°C for 3 h, to obtain a binderless
ZSM-5/8 zeolite catalyst are shown in Table 9. The crushing-resistant
strength of the catalyst sample was determined to be 160 newtons per grain,
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%.

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-5/8 zeolite/Y zeolite
symbiotic molecular sieve having a Si-Al ratio of 40, ZSM-5/Y
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-5/Y 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
Si-Al ratio of 200 and ZSM-5/8 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.
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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
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

The binderless catalyst prepared according to Example 25 was exchanged
with 5% of an ammonium nitrate solution three times at 90°C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and then
calcined at 550°C for 3 h, to obtain a hydrogen-type binderless ZSM-5/83
zeolite symbiotic molecular sieve catalyst. The activity of the catalyst was
evaluated by using the raw material C4-Cyo light oils produced by Sinopec
Shanghai Gaogiao 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 rcaction temperature of 650°C, a reaction
pressure of 0.02 MPa, a weight hourly space velocity of 1 h'l, a
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

The binderless catalyst prepared according to Example 32 was exchanged
with 5% of an ammonium nitrate solution three times at 90°C in a
solid:liquid (catalyst:ammonium nitrate solution) ratio of 1:10, and then
calcined at 550°C for 3 h, to obtain a hydrogen-type binderless molecular
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 450°C, a weight hourly space velocity of 1 h', 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%.

Comparative Example 2
The catalyst was prepared according to the same method as Example 25,
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di stribution Product weight yield (%9 Methane 5.2 Ethane 6.1 Ethyl ene
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having nore than 5 carbons 8.8 Qthers 2.1 Table 11 Exanples
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machi ne aepaarer(baat:‘ll eyahmded by thée, SOder prethod, hdrithetresul0freyshoéwn in
ZSNyi nQJ ? ﬁo eve having a Si-A nolecular ratio of 30 was added,
and hlﬁﬁ é PP shearlng was 10 then conducted for another 30

m nutes. 500 g of alum num sol containing 20 wt. % of al um na was
added, and a high velocity shearing continued to be conducted for
another 30 mnutes. 1 g of triamoniumcitrate was added, and a high
vel ocity shearing continued to be conducted for another 30 m nutes. A
| aser particle size analyzer was used to determine the 15 particle

si ze of the suspension, wherein the average particle size was 2 Am A
spray-drier was used for spray-nolding under the conditions of an
inlet tenperature of 240C, an outlet tenperature 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 mcrosphere catalyst 20 precursor |I. The catal yst precursor

| was cal cined by the tenperature programm ng nethod at 400C for 3 h,
and at 650C for 3 h, to obtain a cal cined, nolded catal yst precursor
1. Alaser particle size analyzer was used to determ ne the particle
size of the calcined catalyst precursor Il, wherein the average
particle size was 70 Am the nitrogen adsorption and 25 desorption
met hod was used to determi ne the specific surface area, which was 310
n2/ g; the average pore dianeter was 3.5 nm the density of the
catalyst was 0.8 g/l ; an abrader was used to determ ne the abrasion
i ndex, which is 0.02 wt.% h. 30 200 g of a cal cined, nolded catal yst
precursor |1 was disposed inside the autoclave, the bottom of which
contained 50 g of water and 50 g of ethyl ene diam ne and was
separated by a screen. The catal yst was di sposed onto the screen to
keep the catalyst fromliquid water. The catal yst was sealed in the
-27- autoclave and placed in an oven, crystallized at 180C for 80 h,
t aken out, water-washed tw ce, oven-dried at 120C in an oven for 3 h,
calcined in a nuffle furnace at 400C for 2 h and at 550C for 3 h, to
obtain a binderless ZSM5 fl uidi zed-bed catal yst. The XRD spectrum of
t he prepared catal yst
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00g OOsI 0001 0001 0001 0001 O" 0-20 0 Oc+,czt .--.0.)
adAJ, Alum num sol Al um num sol Al um num sol Al um num sol 105 unmunpi
Al umi num sol Silica sol 105 ROAS Alum numsol + Silica sol Substrate
Amount (g) 00C 00z, 00.' 00C 0017 OCL 001 00g i., am 00
el 0 0N adp k%?p'i” Cal ci ned kaolin anwonip atiucquaq itgan Aro
kaol i n FanLLﬁ%%ao onite Mleocular siove Anpunt (g) 0017
001 00g Bompleggoqly  Zeolite " Binder Strength of Pore Average | Porosity
content content the resultant volume pore (vol.%}
(wt.%) in the | (wt.%) in the catalyst (ml/g) diameter
resultant resultant (newton per (nm)
binderless catalyst grain)
catalyst
Example 25 99.8 0.2 145 0.38 32 36
Example 26 95.4 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
Examptle 32 98.4 1.6 175 0.31 76 34
Example 33 95.5 4.5 80 0.51 100 30
Example 34 08.3 1.7 160 0.34 %4 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 %0 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 o3 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

-26-




001 009 00 ;.,
anmpbaz A fi

a.5
zeolite

00cdOC N adAy g-1A1SZ al'!uapioto

ZSM5/ nordenite ZSM5/ Y zeolite

ZSM 583

zeolite won g+ g-1NSZ Exanpl es Exanple 51 Exanple 52 Exanple 53 17¢g
ai dt uax3 SS ai dtuex2 Exanple 56 Exanple 57 Exanple 58 Exanple 59

Abr asi on i ndex of the catal yst precursor I
800 Density of the catal yst precursor

co
1.1 1!

10

15

20

25

30

ZOto o 0

0
6.0 Lable 19

0 Z!

(Wwt.%h) 100 O.t

01
(g/ i) 80

Examples

Calalyst 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

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
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
particle size of the suspension, wherein the average particle size was 2 um.
A spray-drier was used for spray-molding under the conditions of an inlet
temperature of 240°C, an outlet temperature of 120°C, 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
precursor I. The catalyst precursor I was calcined by the temperature
programming method at 400°C for 3 h, and at 650°C 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 pm; the nitrogen adsorption and
desorption method was used to determine the specific surface area, which

‘was 310 m?%/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.

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
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N.--. g0 ycl one pressure difference (Kpa) %.0 L' O fO, 170,
water-washed twice, oven-dried at 120°C in an oven for 3 h, calcined in a
muffle furnace at 400°C for 2 h and at 550°C for 3 h, to obtain a binderless
ZSM-5 fluidized-bed 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 is in an amount of 0.2%, and other results

are listed in Table 14.

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
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
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

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-C, 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 680°C, a
reaction pressure of 0.02 MPa, a weight hourly space velocity of 1 b, 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 diecne weight total yield is 50%.

Comparative Example 3
: -28-
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with the difference of using no dispersant. The results of the prepared
catalyst are shown in Table 14. The mecthod 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%.-
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98.1 1.9 0.29 92 29 Exanple 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 (%
Met hane 5.5 Ethane 7.6 Ethylene 28.0 Propane 7.1 Propylene 22.0

But ane 8.2 Butene 8.4 Fractions having nore than 5 carbons 9.3 O hers

3.9 5 Exanple 61 500 g of kaolin 2 g of seshania powder and 20 g of
Wl | astoni te|haying ajl ength-[di arretenf rati o pf 8 werle hgnogeneously
m xed. 2,000|§ E)f*u; diztilled ter|_was then afjded.  Theg mixture was
hi gh vel oci t ygsheaged @i t B a ol ghvel 8ei 1y slearfchg |Rachine for 30
m nutes. 400(4 S 2SMD npl ecul ar| si ¢ve 10 having a |Si- Al nol ecul ar
ratio of 30 Wwas™ adfed| and a |hi ghj vellocity shear] ng |was |t hen
conduct ed f ol anot her [30 n nut es.[ 500 g ¢f a| um [num|Sol |cont ai ni ng 20
wt . % of al umffia. was aflded, and a |high velocify s|hearling|continued to
be conduct ed |Pof gagot her BO nicnutles. |& glef [ amonum|citrate was
added, and a|Bigt ¥el g8i t y~ sheari|Ry ¢ont (Fiuef™ t o e |Eonduct ed 15 for
anot her 30 mijgutes. A|laser parti|cl e[size anplyzer was udsed to
determ ne t h¢e—particle size of tHe suspehsiop—wiich-wasi2 Am A
spray-drier yas.used for ppray-ngl ding under|thel conditifons of an
inlet tenperatui & gf_p40d an out|l et [t enperafure of [120¢, a
centri fugal §t“ t5 6n3 of 16 008 r p¥ B2 cy|@ orle; prlessure
difference of2( 2 KPa e oytlet, alfeedingl ratije off 1 kg/h. The
spray- nol ded|particle al cilned|by {he [ enpleratfure{progranmm ng
met hod at 40Q0C-Jor 3 t 630C for h.| A lfaser| pafticle size
anal yzer VV&SILJS@@ To_ e the cal ci ped fat 4l yst| precursor 11,
wherein the #get g8 . § z82wa3$x68|Am |2 heSpdg fi|c surface
area was 305|523 & Sthe & pafe (Tangter|Was[~3. 4710 |nm the
density of the &t aly .9 ¢/m | an|abrpder| waq us¢d to
det er m ne t h¢—abraste —wheh—s—0 004 w—34-h1269 g of the
cal ci ned and|no} ded c aboye s d| spoped |i nsilde tthe autocl ave,
t he bottom of %v%izcgé; 1y 0|9 of_water and |50 g of |ethyl ene 15
di ami ne and wase sepai £ sqreef® The cpfallyst |Was |di sposed onto
the screen t ¢ ke&gpith st flrom|/liqphid wategr. The ¢atal yst was
sealed in the atocla | aced im an|lovep, crystlallijzed at 180C
for 40 h, takep out, ed at 120C [n ap ovjen flor 3 h, calcined
ina mffle furhace af or 2 h and at 5p0C|for |3 h| to obtain a
bi nder| ess ZEM % 20 f & +bed catalyst. [The IXRD|spe¢trum of the
prepared cat dL,,%t%” sho el 3\ 5| Phage. the [Scarm ng el ectron
m croscope gruaqu t her hown in|Fig|5 shows| purle Z$M 5 cryst al
grains. The agprphous is iin amp anmpunt] of |0. 3% and ot her
results are [£5ted Tn 9. 25 Exanples pB2- 710 THe 1 ngredi ents and
preparation ¢ghdig iton | es |16-18 were psed, wherei|ln silicasol
cont ai ned 40|@ys< % &f & to prepate the 3 ui(di zqd- bgd catal ysts
according tolghe “fmtt% anplle 61. The propertigs off the prepared
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met hod in Exanple 61 was disposed in a fluidized-bed reactor having
an inner dianeter of 50 mm The activity of the catal yst was

eval uated by 35 using as the raw material C4-Cl10 light oils produced
by Si nopec Shanghai Gaogi ao Conpany (see Table 4 for the physical
property i ndexBk of4f the raw materials) under the conditions of a

reactlcr\l t anmnar At e aof conc a raacti AN Nraccolirn A Al 02 !\ID‘?L Y

wei ght quLE*%?*‘i’l%éc'e vereiis y’ cf?iﬁf%‘?éﬁtgné;mﬁéﬁlh@s&;t‘\ééfﬁgeoeﬁ're hePgrEY

ratio of 1:1, to oHt/rint(ve*dthprigndnis ght Fr&@d 5| ofdigmlgr t he (Vol.%)
propyl ene wei ght vyilel d infhe23%|andesuhatdi ¢ne wei ght {ot alnnyi el fi of
50% Ant | - wear adentreshlitAgrount (w@alysi oz 01 “...0 0[]0 tnO
Lengt h/| di ameter rgti ginferlesl [OZ 01 01 8 O--]1 "0 Cea po
odAl wol Last onite esE)_e(%ga(pﬁgE:Ieram\E:hf .L?fnr 9I ass fi td)lenhV\/td)InIAElstho i te
glass MMoElamsibSo 530 0o | TOLSgooM (oG5 —FopSHagSremom—
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 54 098.5 1.5 0.33 72 32
Example 55 96.4 3.6 0.30 75 30
Example 56 08.0 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 33 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
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spray-drier was used for spray-molding under the conditions of an inlet
temperature of 240°C, an outlet temperature of 120°C, a centrifugal
rotational speed of 10,000 rpm, a cyclone pressure difference of (.7 KPa at
the outlet, a feeding rate of 1 kg/h. The spray-molded particles were
calcined by the temperature programming method at 400°C for 3 h, and at
650°C for 3 h. A laser particle size analyzer was used to determine the
calcined catalyst precursor II, wherein the average particle size was 68 um,;
the specific surface area was 305 m?/g; the average pore diameter was 3.2
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
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 180°C for 40 h, taken out,
oven-dried at 120°C in an oven for 3 h, calcined in a muffle furnace at
400°C for 2 h and at 550°C for 3 h, to obtain a binderless ZSM-5
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.

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.

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
using as the raw material C4-C, light oils produced by Sinopec Shanghai
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raw materials) under the conditions of a reaction temperature of 680°C, 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%.
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c. ct S63 063 017Z O.Z 093 083 O.Z 081 001 Os... 00 .7 .-0-'
T-0 *-=17,77. 0Oc.,LC-- >C0c150_. ..<c., .NOits. ?- ing ZL 08 001 59
09 85 9L OL 99 Conditions for spray-noldingt.0 c .02 w SZ
5.0 0000Cie =0u,2a. -, >,ss.ssC 90 CO SO0 90
8.0 6.0 90]; ﬁlé)},ﬁi dE ba cas Ou. ts4.a--0 0 0000 s- O-
3-0 00001 Q % Q5
Examples Template used therein Crystallization | Crystallization | Calcining | Caleining
Type Amount {based temperature time (h) temperatu | time (h)
on the weight (*C) re (°C)
percent of the
molded and
calcined
catalyst
precursor)
Example triethylamine 5 180 80 600 2
62
Example ethylene diamine 50 300 10 500 4
63
Example hexanediamine 30 150 150 550 3
64
Example tetracthylammonium 200 130 200 400 10
65 hydroxide
Example hexamethyleneimine 150 170 30 700 1
66
Example triethylamine 100 180 60 600 3
67
Example tetrapropylammonium 80 190 240 550 4
68 bromide
Example hexanediamine 25 100 10 650 3
69
Example tetrapropylammonium 120 150 60 450 g
70 hydroxide
Table 19
Examples Zeolite content Binder content Pore volume Average pore Porosity (vol.%)
(wt.%) in the {(wit.%) in the (ml/g) diameter (nm}
resultant resultant catalyst
binderless
catalyst
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 8l 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
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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,
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 i1s selected from the rod or
needle-like inorganic materials having a length/diameter ratio of 2-20.

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,
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
catalyst comprises at least one selected from the group consisting of
ZSM-5, ZSM-23, ZSM-11, mordenite, Y zeolite, 8 zeolite, MCM-22,
MCM-49, MCM-56, ZSM-5/mordenite, 8 zeolite/mordenite, ZSM-5/(3
zeolite, ZSM-5/Y, MCM-22/mordenite, ZSM-5/Magadiite, ZSM-5/8
zeolite/mordenite, ZSM-5/8  zeolite/Y  zeolite and ZSM-5/Y
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,
and wollastonite mineral, wherein the anti-wear agent has an average
length of 1-100 pm 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
to claim 1, comprising the steps of

a) based on the weight of the molded and calcined catalyst, mixing
-138 -



01l 017 SZ 0 O 0OOCO-CFC. pga X LIJ Exanple 62 Exanple 63
179 idul ex3 59 aidutexa 99 at dul ex3 L9 aithunxa Exanple 68 Exanple
69 Exanple 70 Table 18 Exanples Tenpl ate used therein

Crystallization tenperature (C) Crystallization time (h) Cal cining

oo A0 9, SR AL, (b, O20"BAT Shoppancti i

tri et hyDaAnetd6160 80 abominum compoun

10

15

20

25

30

35

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;

b) crystallizing the mix [ at 100-200°C in water vapor or template
vapor for 10-300 h, to obtain a binderless molecular sieve catalyst
precursor;

¢) drying the catalyst precursor, and calcining at 400-700°C 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 1) oxides or hydroxides of the elements of Group [A or ITIA 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 ITA of the Periodic Table of Elements, or iii) at least one ammonium
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
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, tetracthylammonium
hydroxide, tetraethylammonium bromide and hexamethyleneimine, and is
in an amount of 5-200 wt.% based on the weight of the mix L.

8. The process for preparing a binderless molecular sieve catalyst
according to claim 6, characterized in that the element of Group [A is at
least one selected from the group consisting of sodium and potassium; the
element of Group IIA is at least one selected from the group consisting of
magnesium and calcium.

9. The process for preparing a binderless molecular sieve catalyst
according to claim 6, characterized in that the salt of weak acids is at least
one selected from the group consisting of bisulphate, sulphite, hydrosulfite,
phosphate and biphosphate.
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s for preparing "a derless “molecular sieve catalyst
according to claim 6, characterized in that the ammonium salt is at least
one selected from the group consisting of ammonium carbonate,
ammonium bicarbonate, ammonium citrate, ammonium oxalate,
ammonium sulphate, ammonium bisulphate, ammonium sulphite,
ammonium bisulphite, ammonium phosphate, ammonium hydrogen

phosphate and diammonium phosphate.

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 i1s in an amount of 0.5-10
wt.%; the aluminum compound is in an amount of 1-15 wt.%; and silica is
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 120-200°C for 20-200 h.

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,
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

(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
the Periodic Table of Elements, or i11) carbonates, bicarbonate, oxalates and
citrates of ammonium;
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(c) spray-drying said suspension to form a microsphere catalyst
precursor I;

(d) calcining such microsphere catalyst precursor I at 300-700°C for

1-10 h to obtain a catalyst precursor II;

(e) crystallizing the catalyst precursor II at 100-300°C in water vapor
or template vapor for 10-240 h, to obtain a catalyst precursor I11;

(f) calcining such microsphere catalyst precursor III at 400-700°C for
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,
mordenite, Y zeolite, [ =zeolite, MCM-22, MCM-49, MCM-56,
ZSM-5/mordenite, ZSM-5/8 =zeolite, ZSM-5/Y, MCM-22/mordenite,
ZSM-5/Magadiite, ZSM-5/83 zeolite/mordenite, ZSM-5/8 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.

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.

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.%
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
alcohol, sesbania powder, dissolvable starch and carbon nano-tube, and is
in an amount 0.1-5 wt.% based on the weight of the molecular sieve in the
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24, The process for preparing a binderless molecular sieve catalyst
35 according to claim 14, characterized in that, after the spray-dried catalyst
is calcined at high temperature, the particles of the catalyst precursor 11
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cal cining such nicrosphere catal yst precursor |1l at 400-700C for 10

1-10 h to obtain a end product of the catalyst. 15. The process for
preparing a binderless nol ecul ar sieve catal yst according to claim®6
or 14, characterized in that the nolecular sieve is at |east one
selected fromthe group consisting of ZSM5, ZSM 23, ZSM 11, 15
nordenite, Y zeolite, /3 zeolite, MCM 22, MCM 49, MCM 56,

ZSM 5/ nordenite, ZSM5/0 zeolite, ZSM 51Y, MM 22/ nordenite,

ZSM 5/ Magadiite, zsm51,6 zeolite/nordenite, ZSM5/13 zeolitelY
zeolite and ZSM5/Y zeolite/nordenite, and is in an anount of 10-80
w . % based on the wei ght of the nol ded and cal ci ned catal yst. 20 16.
The process for preparing a binderless nol ecul ar sieve catal yst
according to claim 14, characterized in that the binder is at |east
one selected fromsilicasol and alum numsol, and is in an anount of
2-70 wt. % based on the weight of the cal cined end product of the
catalyst. 25 17. The process for preparing a binderless nol ecul ar
sieve catal yst according to claim 14, characterized in that the
substrate material is at |east one selected fromthe group consisting
of kaolin, calcined kaolin, diatomte, bentonite, argil and clay, and
is in an amount of 0-50 wt.% 30 based on the wei ght of the calcined
end product of the catalyst. 18. The process for preparing a

bi nderl ess nol ecul ar sieve catal yst according to claim 14,
characterized in that the pore-expanding agent is at |east one
selected fromthe group consisting of nethyl cellulose, polyvinyl 35
al cohol , sesbani a powder, dissolvable starch and carbon nano-tube,
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