I*I Innovation, Sciences et Innovation, Science and CA 2855179 C 2019/12/24

Développement economique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (11)(21) 2 855 1 79
(12 BREVET CANADIEN
CANADIAN PATENT
13) C
(86) Date de depot PCT/PCT Filing Date: 2012/10/30 (51) CLInt./Int.Cl. CO718 39/48(2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/05/16 501J 29/70(2006.01)
- . (72) Inventeurs/Inventors:
(45) Date de délivrance/lssue Date: 2019/12/24 LING. FENGXIANG. CN:
(85) Entree phase nationale/National Entry: 2014/05/09 YANG, WEIYA CN:
(86) N° demande PCT/PCT Application No.: CN 2012/001474 WANG, SHAOJUN, CN;
o o SHEN, ZHIQIl, CN
(87) N publication PCT/PCT Publication No.: 2013/067/765 S
e (73) Proprietaires/Owners:

CN;
FUSHUN RESEARCH INSTITUTE OF PETROLEUM
AND PETROCHEMICALS, SINOPEC, CN

(74) Agent. KIRBY EADES GALE BAKER

54) Titre : ZEOLITE SPHERIQUE CREUSE IM-5 ET SON PROCEDE DE PREPARATION
54) Title: A HOLLOW IM-5 MOLECULAR SIEVE SPHERE AND THE PREPARATION PROCESS THEREOF

2 s :
B2, 2 :-.5:':';':':':':':5:';:"-' 2
QR R L R O RS :
o i
G SR E
..... s e bk, gk e T ALy T e
heai \.::‘-.;‘;3 i 'E:“fl‘"* Cos :--:-'.Eei?::-: -
e R R e . s Rty .
B i L L T IR, o T : LT

(57) Abréegée/Abstract:

Provided are hollow spherical zeolite IM-5 and a preparation method therefor. A cation guaternary ammonium salt surfactant
having a long carbon chain is added to an zeolite IM-5 preparation system, where the molar ratio of a template agent/the surfactant
IS between approximately 0.3 and approximately 4.5, and hollow spherical zeolite IM-5 Is generated via the micelle effect of the
surfactant. The structure facilitates material mass transfer of a reaction process.

50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



w0 2013/067765 A1 [N INARIHNMTAREREARARIARATART IR

CA 02855179 2014-05-095

(12) ﬁﬂﬂ?ﬂ‘“‘f'ﬁ%ﬁlﬁﬁ 76 B El R ER 1

(1)

(21)
(22)
(25)
(26)
(30)

(71)

(72)

HEAN: PEAMATIREGERAT (CHINA

PETROLEUM & CHEMICAL CORPORATION)

[CN/CNT; A [E Ak 5T
Beljimg 100728 (CN)o

JL

ALS SINOPEC) [CN/ CN];
X

JIi 7 22 e [X
(CN)o

17 51 FH

mm|

F RS 7K B 31 5, Liaoning |
ﬁ%k &ﬁ.é (LING, Fengmang) |

;2R B 2R B 31 5, Liaoning 113001
%J?.:IE (YANG, Weiya); a8

—

H

% 7 7

13001 (CN).

—
——
A

1T

X EAFH 10 K 22 =,
HEAMATIRGERAE
TR A WA TS BE (FUSHUN RESEARCH IN-

STITUTE OF PETROLEUM AND PETROCHEMIC-
TN T B

2 2 56

_l

/

i T

]

84) HEHE %5 E
#1): ARIPO (BW, GH, GM, KE, LR, LS, MW, MZ, NA,

RW, SD, SL, SZ, TZ, UG, ZM, ZW), KK

AR

JP,

(19) ﬁgﬂ“ﬁ‘g % IELH I BV 00 A0 0 VA KR A A0 O A
- (10) ERRAH S
43) EfRAH B
2013 F5H 16 H (16.05.2013) wirO | PCT WO 2013/067765 Al
E TR 3K5 (74) REN: PEERNE (Fi) ﬁl‘ﬁ"ﬁ (CHINA
CO1B 39/48 (2006.01) BO1J 29/70 (2006.01) PATENT AGENT (H.K.) LTD.); ™ [¥ 7 % 5 5117 B
H bR 155 PCT/CN2012/001474 (é 111? {3 V8 1 23 B Pl 2 7:7@ Hong Kong
. T
RRRRE 020 10F0E GO0 g s, R
HIFES: h 1): AE, AG, AL, AM, AO, AT, AU, AZ, BA, BB, BG,
\ . BH, BN, BR, BW, BY, BZ, CA, CH, CL, CN, CO, CR,
RIEE X CU. CZ, DE, DK, DM, DO, DZ, EC, EE, EG, ES, FL GB,
BRLAL GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
201110353565.4 2011 4 11 A 10 H (10.11.2011) CN KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, L5, LT,

LU, LY, MA, MD, ME, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT,
QA, RO, RS, RU, RW, 8C, SD, SE, SG, SK, SL, SM, ST,
SV, SY, TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,

VC, VN, ZA, ZM, ZW .
&,

IR

)

X R

(AM, AZ,

BY, KG, KZ, RU, TJ, TM), BX# (AL, AT, BE, BG, CH,
CY, CZ, DE, DK, EE, ES, FL FR, GB, GR, HR, HU, IE,
IS, IT, LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO,
RS, SE, SL SK, SM, TR), OAPI (BF, BJ, CF, CG, CL, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG)

SEAEIX PR BR AR BL 31 5, Liaoning 113001 (CN).

}i (WANG, Shaojun); A [ 3L 74 I T £§ % AEFAL

FFZR G JREL 31 *5, Liaoning 113001 (CN) —

(SHEN, Zhigj): o [ 3L T e T B A X AR AR A R BRARL RR  (R 2056 21

FX 31 7, Liaoning 113001 (CN).

(34) Title: HOLLOW SPHERICAL ZEOLITE IM-5 AND PREPARATION METHOD THEREFOR

(54) REHBRR . —Fhas RS

2 IM-5 7 F i

il S S

.....
.....
-----

............

.................

---------

-----
......
LI}

........
..........
........

DR o

1/ Fig. 1

.....
...........
TR

ffffff
¢¢¢¢¢¢
;;'-'. e

........
...................
N R P Rt S

% (3))

(57) Abstract: Provided are hollow spherical zeolite IM-5 and a preparation method therefor. A cation quaternary ammonium salt
surfactant having a long carbon chain is added to an zeolite IM-5 preparation system, where the molar ratio of a template agent/the
surfactant 1s between approximately 0.3 and approximately 4.5, and hollow spherical zeolite IM-5 1s generated via the micelle effect
of the surfactant. The structure facilitates material mass transfer of a reaction process.

57) TE: IRt —FP BRI IM-5 20 705 R b & 1. ] IM=5 2> Fig il g4k &
RIETEHS, #ZREE/RECTT, BEARGT /Z‘QT\\:L‘I::I\EJIIJQJ 0.3-7) 4.5, BILRETEMEF]AY,
ST 1A ,ﬂ—ffiﬁ*”ﬁ %F'AEI’J%*M%EHO

DS I R B 1Y) FH &+ 2248 25
WRAERH, AR DERE IM-



10

20

29

30

CA 02855179 2014-05—-09

A hollow IM-5 molecular sieve spherc and the preparation process thereof

Technical tield

The present invention relates to a hollow IM-5 molecular sieve sphere, i.e., an IM-5
molecular sieve in the form of hollow sphere, and the preparation process thereof, and

thus belongs to the field of preparing an inorganic material.

Background
The microporous molecular sieve material has regular pore structures and a large
surtace area, thus i1s widely used in the fields of adsorption, separation, chemical

engineering, catalysis and the like. In recent years, some new structures of molecular

sieve materials have been prepared continuously.

IM-5 molecular sieve 1s a new zeolite prepared using a bi-quaternary ammonium
salt as the templet agent. The [M-5 molecular sieve has a pore-passage structure similar
to that of ZSM-J, has a two dimensional 10MR crossing pore structure, and has relatively
high thermal stability and hydrothermal stability. Thus the ZSM-5 has a broad prospect
of application for catalysis in the petrochemical fields of paraffin cracking, isomerization

of n-butylene, preparation of gasoline from Synthesis Gas and the like.

Journal of Molecular Catalysis A: Chemical, 2000, 162: 175-189 Discloses to
obtain an IM-5 molecular sieve using 1,1-(pentamethylene) bis-(1-methylpyrrolidinium)
bromide as the templet agent, under the condition of adding a promoter of sodium

bromide and static hydrothermal conditions at a temperature of 175 degrees C.

Journal of Catalysis 215 (2003) 151-170 discloses to obtain an IM-5 molecular
sieve using 1,l-(pentamcthylene) bis-(1-methylpyrrolidinium) bromide as the templet

agent, under the dynamic hydrothermal condition at a temperature of 160 degrees C.

CN1234012A discloses an IM-5 molecular sieve and the preparation process
thereof. The IM-5 molecular sieve is obtained from hydrothermal crystallization at a
temperature of 170 degrees C by adding additional NU-88 powder as a seed crystal.

-1 -
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By studying the products prepared according to the documents above, it can be seen
that the IM-5 molecular sieves obtained from prior arts have a morphology of two
dimensional rod form with a diameter of generally 50nm or more and an aspect ratio of

ocenerally about 3.

Currently, the preparation of the molecular sieve having a hollow sphere structure
is highly intcrested in the art, in addition to the molecular sieve materials having rod,
strip, massive, sphere forms and the like. This i1s because the special hollow structure
may generally cause some special properties of the material, particularly for the catalysis,

adsorption, controlled release of medicaments, nano-photoelectricity and the like.

Currently, the hollow sphere of a molecular sieve is prepared predominantly by
using a polystyrene microsphere as templet, combining the layer-layer self assembly and
a hydrothermal or gas-phase conversion crystallization process. The typically related
documents comprise: Chem.Commun., 2000, 2161-2162 and Adv. Mater. 2006, 13,
801-806. This process preparing the molecular sieve hollow sphere using the polymer
microsphere as a hard templet has complicated operation steps, poor controllability and

relatively high cost.

CNI101618336A prepares a MCM-22 molecular sieve hollow sphere by
hydrothermal crystallization using carbon black particles as a templet. The carbon black
templet has broader sources and lower cost compared with the polystyrene microsphere
templet; however, due to the non-uniformity of the carbon black particle as well as a
particle size of generally 20 microns or more, the hollow sphere obtained has a relatively

large particle size, and correspondingly a thin pore wall, such that the hollow sphere is

casy to be broken.

It can be seen that the current preparation with the molecular sieve hollow sphere
uses generally a polymer microsphere and a hard templet such as carbon black and the

like, thus the controllability is insufficient. Meanwhile, the amount of the hard templet

used is relatively great, which is difficult to be burnt off, and the burn oft of the templet

-7 -
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may bring abundant environmental pollutants.

Summary of the invention

The present invention provides an IM-5 molecular sieve 1n the torm hollow sphere
and a process of preparing the hollow IM-3 molecular sieve sphere using a soft templet.
According to the process of the present invention, a hollow IM-5 molecular sieve sphere
can be obtained based on a hydrothermal system conventionally used for preparing IM-5

molecular sieve, with the further incorporation of a cationic surtactant.

The hollow IM-5 molecular sieve sphere according to the present invention has an
outer diameter for the hollow sphere of about 2-about 15 pum, preferably that the outer
diameter is not less than about 3 um, and more preferably not less than about 4 pum;
preferably that the outer diameter is not more than about 13 um, not more than about 12
wm, not more than about 10 um, more preferably not more than about 9 um, or not more
than about 8 um. For cxample, the outer diameter is preferably about 2-about 10 pum,
more preferably about 4-about 8 yum. The wall of the hollow sphere consists essentially
of small IM-5 crystal grains having a particle size of about 10-about 500nm, preterably
about 10-about 200nm. The wall thickness of the hollow sphere i1s generally about

10%-about 40%, preferably about 15%-about 30%, of the outer diameter of the hollow

sphere.

The process of preparing the hollow IM-5 molecular sieve sphere according to the

present invention comprises:

(1) mixing an alkali source, a templet agent, an aluminum source, water, a silicon
source and a cationic surfactant (represented as SUR"), and stirring the mixture at a
suitable temperature to generate a sol; and

(2) elevating the temperature of the mixture of step (1) in a hydrothermal reactor to
about 140-about 200 degrees C, after hydrothermal crystallization of about 2-about 15

days, taking out and separating the solid product, drying and calcinating to obtain a

hollow IM-5 molecular sieve sphere.

[n step (1), the temperature for stirring is about 20-about 70 degrees C, preferably
23 -
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about 55-about 65 degrees C. The duration of stirring 1s about I-about 24 hours,

preferably about 10-about 20 hours.

In step (1), among various materials, the cattonic surfactant is preferably added at
the last. Before adding the cationic surfactant, it 1s preferable to carry out an ultrasonic
dispersion to the mixture. The frequency used for the ultrasonic dispersion is
10-100kHz. The temperature for the ultrasonic dispersion is about 20-about 70 degrees
C, preferably about 55-about 65 degrees C. The duration of the ultrasonic dispersion is
about 1-about 24 hours, preferably about 10-about 20 hours. In step (1), the alkali
source is sodium hydroxide, potassium hydroxide, lithium hydroxide or the combination
thereof, preferably sodium hydroxide. The templet agent is 1,1'-(pentamethylene)

bis(1-methylpyrrolidinium), having a structural formula of:

Q?"“‘ (CH)y — T ,2Br
CH3

CH3

The aluminum source is aluminum nitrate, aluminum chloride, aluminum sulfate, or
a combination thereof, preferably aluminum nitrate, aluminum chloride, or a combination
thereof. The silicon source is white carbon, silicic acid, silanolate, silica sol, silica gel,
or a combination thereof, preferably white carbon. The surfactant is one or more
cationic quaternary ammonium salts having a carbon chain of 12-18 carbon atoms,
wherein the carbon chain is preferably a normal alkane; and the corresponding negative
ion for the cationic quaternary ammonium salt is a bromide 1on or chloride 1on,
preferably bromide ion. The cationic quaternary ammontum salt having a carbon chain
of 12-18 carbon atoms includes, but not limited to, octodecyl trimethylammonium

bromide, cetyl trimethylammonium bromide, myristyl trimethylammonium bromide, and

dodecyl trimethylammonium bromide.

In step (1), the molar ratios calculated based on the following species for the
various components of the reaction mixture are:
Si0,/Al,O; of about 30-about 70, preferably of about 40-about 70;

R/Si0, of about 0.3-about 0.6, preferably about 0.3-about 0.45, R representing the
4 -
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templet agent;

H->0/Si0O; of about 20-about 90, preterably about 50-about 90:

OH/Si0, of about 0.5-about 0.8, preferably about 0.6-about 0.75; and

R/SUR™ of about 0.3-about 4.5, preferably not less than about 0.4, not less than
about 0.5, or not less than about 0.6; and preferably not more than about 4, not more than
about 3.5, not more than about 3, not more than about 2.5, not more than about 2, or not
more than about 1.5; for example, the ratio is preferably about 0.6-about 1.5, wherein the

SUR™ represents the cationic surfactant.

In step (2), the temperature for the hydrothermal crystallization 1s about 160-about
185 degrees C, more preferably about 165-about 175 degrees C. The duration of the

hydrothermal crystallization is about 7-about 12 days.

The product obtained has particular reactivities for the fields of paraffin cracking,
isomerization of n-butylene, preparation of gasoline from synthetic gas and the like,
particularly for a reaction process having relatively large molecules as reactants such as

paraffin cracking or a reaction process in need of a high space velocity.

As compared with the conventional hydrothermal process, the process according to
the present invention adds a relatively great amount of the cationic quaternary ammonium
salt having a carbon chain of 12-18 carbon atom in the IM-5 molecular sieve system, in

which the cationic quaternary ammonium salt, in combination with the templet agent,

forms a hollow IM-5 molecular sieve sphere, which structure benefits the mass transfer of
materials. The process of preparing the molecular sieve hollow sphere utilizing the
micelle of a quaternary ammonium salt as the soft templet according to the present
invention uses a little amount of the templet agent, which is easy to be burnt off, resulting
in very few emission and little environmental pollution. The product particles obtained

are homogeneous and thus is highly controllable.

Description of drawings

Figure | is a transmission electron micrograph at low range of the hollow IM-5

molecular sieve sphere prepared according to Example 1 of the present invention.

-9 -



Figure 2 is a scanning electron micrograph at low range of the hollow IM-5

molecular sicve sphere prepared according to Example 1 of the present invention.

5 Figure 3 is a transmission electron micrograph at high range of the hollow IM-5

molecular sieve sphere prepared according to Example 1 of the present invention.

Figure 4 is a XRD curve of the hollow IM-5 molecular sieve sphere prepared

according to Example 1 of the present invention.

10

Figure 5 1s a transmission electron micrograph ot a conventional IM-5 molecuiar

sieve prepared according to Comparative Example | of the present invention,

Embodiments

15 The outer diameter, wall thickness and grain siz¢ of the hollow sphere are measured with
transmission electron micrograph and scanning electron micrograph. 20 transmission
electron micrographs or scanning electron micrographs are taken randomly, from which
the outer diameter, the wall thickness and the grain size of the molecular sieve on the
pore wall of the hollow spherc arc measured using an image processing software, Image J.

20 1n the transmission electron micrograph, regarding an image of the hollow sphere, the

length of high contrast area at the external rim of the sphere represents the wall thickness.

The embodiments and effects of the present invention will be further illustrated

below by way of Examples.

23
In the examples, the transmission ¢lectron microscope (TEM) is manufactured by
JEOL Ltd., Japan, with a model of JEM 2100 (HR), an accelerating voltage of 200KV,
and a resolution of 0.23nm.
30 Example 1

Sodium hydroxide, 1,1 ‘'-(pentamethylene) bis-(1-methylpyrrolidinium) bromide,

aluminum nitrate, water, white carbon and cetyl trimethylammonium bromide (CTAB)

-6 -
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were mixed, according to molar ratios calculated based on the following species as
follows: S10,/Al,03=40, OH/S10,=0.62, R/Si0,=0.45, H,0/Si0,=50, and R/CTAB=0.7.

The mixture obtained was then stirred in a water bath at a temperature of 60 degrees
C to be a homogeneous sol, which sol was kept at the constant temperature for 12 hours
with stirring for pre-gelation.  Subsequently, the gel was transferred into a hydrothermal
reactor, heated to 165 degrees C, hydrothermally crystallized for 10 days, then cooled
naturally, filtered and dried to obtain the as-synthesized products powder. By the XRD
measurement, the products obtained were all well crystallized IM-5 molecular sieve,
which were hollow spheres observed for the morphology with the TEM at low range,
having an outer diameter of about 5 um; while observed with the transmission electron
microscope at high range, the wall thereof consisted of small particles with dimensions

varying from 10 to 200nm, resulting in a wall thickness of about 1.4 um.

Example 2

Sodium hydroxide, 1,1 '-(pentamethylenc) bis-(1-methylpyrrolidinium) bromide,
aluminum nitrate, water, white carbon and cetyl trimethylammonium bromide were mixed,
according to molar ratios calculated based on the following species as follows:
S102/A1,0:=50, OH/S10,=0.70, R/S10,=0.40, H,0O/Si0,=65, and R/CTAB=1.0. The
mixture obtained was then stirred in a water bath at a temperature of 60 degrees C to be a
homogeneous sol, which sol was kept at the constant temperature for 12 hours with
stirring for pre-gelation. Subsequently, the gel was transferred into a hydrothermal
reactor, heated to 170 degrees C, hydrothermally crystallized for 8 days, then cooled
naturally, filtered and dried to provide a molecular sieve coarse powder. By the XRD
measurement, the products obtained were all well crystallized IM-3> molecular sieve,
which were hollow spheres observed for the morphology with the TEM at low range,
having an outer diameter of about 8 um; while observed with the transmission electron
microscope at high range, the wall thereof consisted of small particles with dimensions

varying from 40 to 200nm, resulting in a wall thickness of about 1.6 um.

Example 3
Sodium hydroxide, 1,1 '-(pentamethylene) bis-(1-methylpyrrolidinium) bromide,

aluminum nitrate, water, white carbon and dodecyl trimethylammonium bromide (DTAB)

.7 -
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were mixed, according to molar ratios calculated based on the following species as
follows: Si0,/Al,03=70, OH/S10,=0.73, R/S10,=0.45, H,0/S10,=85, and R/ DTAB=1.4.

The mixture obtained was then stirred in a water bath at a temperature of 60 degrees
C to be a homogeneous sol, which sol was kept at the constant temperature for 20 hours
with stirring for pre-gelation.  Subsequently, the gel was transferred into a hydrothermal
reactor, heated to 175 degrees C, hydrothermal crystallized for 7 days, then cooled
naturally, filtered and dried to provide a molecular sieve coarse powder. By the XRD
measurement, the products obtained were all well crystallized IM-5 molecular sieve,
which were hollow spheres observed for the morphology with the TEM at low range,
having an outer diameter of about 4 um; while observed with the transmission electron
microscope at high range, the wall thereof consisted of small particles with dimensions

varying from 20 to 170nm, resulting in a wall thickness of about 0.9 um.

Comparative Example 1

Sodium hydroxide, [,I '-(pentamethylene) bis-(1-methylpyrrolidinium) bromide,
aluminum nitrate, water and white carbon were mixed, according to molar ratios
calculated based on the following species as follows: S105/A1,05=40, OH/S10,=0.62,
R/S510,=0.45, and H>0/S510,=50. The mixture obtained was then stirred in a water
bath at a temperature of 60 degrees C to be a homogeneous sol, which sol was kept at the
constant temperature for 12 hours with stirring for pre-gelation. Subsequently, the gel
was transferred into a hydrothermal reactor, heated to 165 degrees C, hydrothermal

crystallized for 10 days, then cooled naturally, filtered and dried to provide a molecular

sieve coarse powder. By the XRD measurement, the products obtained were all well
crystallized IM-5 molecular sieve, which had a short-rod form observed for the

morphology with the TEM at low range, without the formation of a hollow sphere

structure.



Claims

1. An IM-5 molecular sieve, wherein the IM-5 molecular sieve is in the form of a

hollow sphere, the hollow sphere having an outer diameter of about 2 to about 15 pum.

2. The IM-5 molecular sieve according to claim 1, wherein the hollow sphere has

an outer diameter of 4 to 8 pm.

3. The IM-5 molecular sieve according to claim 1 or 2, wherein the wall of the

10 hollow sphere consists of IM-5 crystal grains having a particle size of about 10 to about

500 nm.

4. The TM-5 molecular sieve according to claim 3, wherein the wall of the hollow
sphere consists of IM-3 crystal grains having a particle size of 10 to 200 nm.
iS5
5. The IM-5 molecular sieve according to any one of claims 1 to 4, wherein the
wall thickness of the hollow sphere is about 10% to about 40% of the outer diameter of

the hollow sphere.

20 6. The IM-5 molecular sieve according to 5, wherein the wall thickness of the

hollow sphere is 15% to 30% of the outer diameter of the hollow sphere.

7. A process of preparing the [M-5 molecular sieve according to claim 1, said
process comprising the steps of:

25 (1) mixing an alkali source, a templet agent, which is 1,1'-(pentamethylene)
bis(1-methylpyrrolidinium), an aluminum source, water, a silicon source, and a cationic
surfactant, wherein the cationic surfactant is a cationic quaternary ammonium salt having
a carbon chain of 12-18 carbon atoms, and a corresponding negative ion that is a bromide
ion or chloride ion, and stirring the mixture at a suitable temperature to generate a sol;

30 and

(2) clevating the temperature of the mixture of step (1) in a hydrothermal reactor to

about 140 to about 200°C, maintaining the elevated temperature for about 2 to about 15

-9 .
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days for hydrothermal crystallization, taking out and separating the solid product of the
hydrothermal crystallization, drying and calcinating the solid product to obtain a hollow
IM-5 molecular sieve sphere;

wherein in step (1), the molar ratio of R/ SUR* is 0.6-4.5, wherein R represents the

template agent and SUR™ represents the cationic surfactant,

8. The process according to claim 7, wherein in step (1), the temperature for
stirring 1s about 20 to about 70°C; and the duration of stirring is about 1 to about 24

hours.

9. The process according to claim 8, wherein in step (1), the temperature for

stirring is 55 to 65°C; and the duration of stirring is 10 to 20 hours.

10. The process according to claim 7, wherein in step (1), the alkali source is
sodium hydroxide, potassium hydroxide, lithium hydroxide or a combination thereof: the
aluminum source is aluminum nitrate, aluminum chloride, aluminum sulfate, or a
combination thereof; and the silicon source is white carbon, silicic acid, silanolate, silica

sol, silica gel, or a combination thereof.

1. The process according to claim 7, wherein in step (1), the corresponding

negative ion is the bromide ion.

12. The process according to any one of claims 7 to 11, wherein the surfactant is
octodecyl trimethylammonium bromide, cetyl trimethylammonium bromide, myristyl

trimethylammonium bromide or dodecyl trimethylammonium bromide.

I3. The process according to any one of claims 7, 10 or 11, wherein in step (1), the
molar ratios calculated based on the following species for the various components of the
mixture are:

S102/A1,03 of about 30 to about 70;

R/S5102 of about 0.3 to about 0.6, R representing the templet agent;

H20O/S810; of about 20 to about 90; and

- 10 -
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OH/S105 of about 0.5 to about 0.8.

14, The process according to claim 7, wherein in step (1), the molar ratio of

R/SUR™ 1s about 0.6 to about 1.5.

15. The process according to claim 13, wherein in step (1), the molar ratios
calculated based on the following species for the various components of the mixture are:
Si02/Al203 of 40 to 70:
R/510; of 0.3 to 0.45;
10 H>O/S10, of 50 to 90; and
OH/S10; of 0.6 to 0.75.

16. The process according to claim 7, wherein in step (2), the temperature for the
nydrothermal crystallization is about 160 to about 185°C.
15
17. The process according to claim 16, wherein in step (2), the temperature for the

hydrothermal crystallization ts 165 to 175°C.

18. The process according to any one of claims 7 to 17, wherein in step (2), the

20 duration of hydrothermal crystallization 1s about 7 to about 12 days.

S 11 -
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