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1
MFI ZEOLITE WITH MICROPOROUS AND
MESOPOROUS HIERARCHICAL
STRUCTURE, PREPARATION METHOD
THEREFOR, AND CATALYTIC USE
THEREOF

BACKGROUND OF THE INVENTION
1. Technical Field

The present invention relates to a method of preparing an
MEFT zeolite with a microporous and mesoporous hierarchi-
cal structure in which a non-benzene-based first structure-
directing agent, which provides ordered microporous pore
sizes and a framework of MFI zeolite seed crystals, and a
second structure-directing agent containing one benzene
ring and an ammonium ion, which functions as a mesopore-
directing agent without interfering with the function of the
first structure-directing agent, are simultaneously used; an
MEFT zeolite with a microporous and mesoporous hierarchi-
cal structure, which is prepared by the method, and a catalyst
use thereof for a reaction of converting acetylene into an
aromatic compound; and a method of preparing an aromatic
compound from acetylene using the catalyst.

2. Description of the Related Art

As a result of the development of alternative energy
resources due to limited reserves of fossil fuels and global
warming caused by CO2, catalyst conversion technologies
using natural gas or shale gas with low greenhouse gas
emissions have been continuously developed worldwide.
Further, carbon-neutral and renewable alternative energy
resources are ultimately required. Thus, efforts have been
made to produce materials that can replace petroleum prod-
ucts using raw materials derived from plant resources. As
such efforts, technologies of synthesizing acetylene from
shale gas, which has abundant reserves and emits a small
amount of greenhouse gases, or biomass, which emits
almost no greenhouse gases, by using a catalytic reaction
have been developed. Methods of converting the acetylene
produced in this way into an aromatic compound such as
xylene, which is a raw material of synthetic fibers, or
benzene or toluene, which are typical raw materials for
chemical products, have been researched as important tech-
nologies for producing high value-added compounds. For
example, polyethylene terephthalate (PET) is one of the
most productive petrochemical products, and polyester
fibers, which use PET as a raw material, are produced in an
amount of about 40 million tons per year globally. Accord-
ingly, the production of xylene or the like, which is a raw
material for polyethylene terephthalate, from a biomass-
derived raw material is not only environmentally friendly,
but also approaches the realization of a sustainable low-
carbon society.

Zeolites collectively refer to crystalline aluminosilicates
having Angstrom-sized pores and channels in their crystal
lattices. Zeolites are microporous materials, and are alumi-
nosilicate mineral materials widely used as adsorbents or
catalysts. Zeolites may occur naturally or may be synthe-
sized artificially, may have a unique structure and pore size
depending on the kind, and may be converted in a desired
direction depending on the method of preparation. Since
zeolites have a constant pore size, they may act as a
molecular sieve for separating materials depending on pore
size. When a zeolite is used as a catalyst, it may exhibit
excellent activity, low activity, or no activity depending on
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the pore size of the zeolite itself and the size of a reactant or
a product, even for similar reactions. Another factor influ-
encing catalytic activity is the composition ratio of silicon
and aluminum.

Since aluminosilicates have a negative charge at the site
of aluminum in their framework, cations for charge cancel-
lation are present in the pores, and the remaining space in the
pores may usually be filled with water molecules. The
structure, shape, and size of the three-dimensional pores of
zeolites change depending on the kind of zeolite, but the
diameter of the pores usually corresponds to the size of
molecules. Accordingly, zeolites are called a molecular sieve
because depending on the kind, they have size selectivity or
shape selectivity for molecules charged into the pores. As
described above, zeolites have acidic sites in the pores, and
each of the acidic sites may exhibit catalytic activity. There-
fore, each of the pores may act like a small reaction group
capable of performing an acidic catalytic reaction therein
based on such catalytic activity and the aforementioned
selectivity.

Meanwhile, there are known zeolite-like quasi-molecular
sieves in which a part or all of silicon or aluminum is
replaced with various other elements instead of the silicon
(Si) and aluminum (Al) constituting the zeolite framework
structure. For example, there is an AIPO4-based molecular
sieve in which completely aluminum-removed porous sili-
calite and silicon are replaced with phosphorus (P), and a
quasi-molecular sieve which is obtained by partially substi-
tuting the zeolite framework with various metal elements
such as Ti, Mn, Co, Fe, and Zn. Although these zeolite-
derived molecular sieves do not belong to zeolites according
to the original mineralogical classification, all of these
molecular sieves are called zeolites in the art. Thus, these
quasi-molecular sieves are included in the scope of the
present invention without limitation as long as they maintain
an MFT structure.

The MFT structure is shown in FIG. 5. In the case of this
zeolite, a channel in which elliptical pores (0.51 nmx0.55
nm) are connected in a zigzag form flows in the a-axis
direction, and approximately circular pores (0.54 nmx0.56
nm) linearly extend in the b-axis direction to form a linear
channel. The channel is not open in the c-axis direction. As
described above, in the case of the MFI-type zeolite, the pore
shape, pore size, and channel structure thereof change
depending on crystal orientation.

Powdered MFI zeolite is widely used as a crude oil
cracking catalyst, an adsorbent, a dehydrating agent, an ion
exchanger, a gas purifier, or the like in real-world and
industrial settings, whereas an MFI zeolite thin film formed
on a porous substrate such as porous alumina is widely used
as a molecular separation film capable of separating mol-
ecules according to size. In addition, the MFI zeolite thin
film is widely applied to secondary and tertiary nonlinear
optical thin films, three-dimensional memory materials,
solar energy collectors, electrode-assisting materials, semi-
conductor quantum dot and quantum wire carriers, molecu-
lar circuits, photosensitizers, illuminants, low-dielectric thin
films, anti-rust coating agents, and the like.

Since ZSM-5 itself, which is a kind of MFI zeolite,
exhibits excellent catalytic properties such as stability and
acidic sites, while including only micropores, the reactions
capable of utilizing the ZSM-5 as a catalyst are limited.
Specifically, the ZSM-5, which is zeolite catalyst having
micropores, is advantageous in that it has a large surface area
and strong acidic sites and exhibits excellent hydrothermal
stability, but is disadvantageous in that facile mass transfer
is limited and its catalytic application field is limited.
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Therefore, research on catalysts having mesopores has been
conducted. As the materials having mesopores, materials
such as MCM-41 and SBA-15 have been developed. How-
ever, since these materials have only a mesoporous structure,
there is a problem in that they have low selectivity and low
stability due to the change in Si/Al ratio.

SUMMARY OF THE INVENTION

The inventors of the present invention have found that in
the case of a cationic surfactant containing one benzene ring
and an ammonium ion, which are structure-directing agents
for forming mesopores and are connected to a bivalent alkyl
group or alkoxy group, when MFI zeolite is hydrothermally
synthesized in combination with a non-benzene-based struc-
ture-directing agent providing ordered microporous pore
sizes and a framework of MFI zeolite seed crystals, it is
possible to provide an MFI zeolite with a hierarchical
structure in which an ordered microporous MFI zeolite
additionally has mesopores, and they have found that an
MEFT zeolite with a microporous and mesoporous hierarchi-
cal structure exhibits excellent activity in the reaction of
synthesizing an aromatic compound from acetylene, and is
particularly useful for the preparation of xylene. Based on
these findings, the present invention has been completed.

A first aspect of the present invention provides a method
of preparing an MFI zeolite with a microporous and mes-
oporous hierarchical structure in which an ordered micropo-
rous MFI zeolite additionally has mesopores, the method
including: a first step of preparing a first aqueous solution in
which a non-benzene-based first structure-directing agent,
providing ordered microporous pore sizes and a framework
of MFI zeolite seed crystals, is dissolved in water; a second
step of preparing a second(2) aqueous solution in which a
cationic surfactant, as a second structure-directing agent,
containing one benzene ring and an ammonium ion con-
nected to a bivalent alkyl group or alkoxy group, is dissolved
in water; a third step of mixing an aluminum precursor with
the second aqueous solution to prepare a second'(2') aqueous
solution; a fourth step of sequentially adding a silica pre-
cursor and the second' aqueous solution to the first aqueous
solution to prepare a mixed solution; and a fifth step of
hydrothermally crystallizing the mixed solution obtained in
the fourth step.

A second aspect of the present invention provides an MFI
zeolite with an ordered microporous and mesoporous hier-
archical structure, prepared by the method of the first aspect.

A third aspect of the present invention provides an acidic
catalyst composition, including the MFI zeolite with an
ordered microporous and mesoporous hierarchical structure
as an active ingredient.

A fourth aspect of the present invention provides a
method of preparing an aromatic compound, a derivative
thereof, or a product prepared using the aromatic compound
or the derivative thereof as an intermediate from acetylene
in the presence of the acidic catalyst composition, the
method including forming an aromatic compound from
acetylene.

Hereinafter, the present invention will be described in
more detail.

A conventional MFI zeolite is an aluminosilicate zeolite
belonging to zeolites of the pentasil family, and is a material
developed as a heterogeneous catalyst for a hydrocarbon
isomerization reaction for use in the petroleum industry. For
example, the MFI zeolite may include three or four pentasil
units connected to each other through an oxygen bridge to
form a pentasil chain. In this case, the pentasil unit includes
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eight five-membered rings, each vertex of the pentasil unit
is aluminum or silicon, oxygen is bonded between these
vertexes, and the pentasil chains are thus connected to each
other through the oxygen bridge to form a corrugated sheet
having ten ring holes. ZSM-5, which is a kind of MFI
zeolite, may be hydrothermally synthesized by reacting
silicon oxide and sodium aluminate at high temperature and
high pressure in the presence of a tetraalkylammonium
compound. The MFTI zeolite is known to exhibit activity for
an acidic catalyst reaction such as hydrocarbon isomeriza-
tion or hydrocarbon alkylation, but is not known to exhibit
catalytic activity for a reaction of converting acetylene into
an aromatic compound.

An ordered microporous zeolite is advantageous in terms
of a large surface area, strong acidic sites, and excellent
hydrothermal stability, but is disadvantageous in that facile
mass transfer is inhibited, restricting its application as a
catalyst.

Meanwhile, MCM series (MCM-41, MCM-48, and
MCM-50) or SBA series (SBA-15), which are mesoporous
materials having a non-crystalline framework, have low
acidic sites and poor hydrothermal stability in spite of large
pores, and thus practical application thereof is limited.

In order to solve the above problems, the present inven-
tion intends to provide an MFI zeolite with a hierarchical
structure in which an ordered microporous MFI zeolite
additionally has mesopores, and the MFI zeolite with a
hierarchical structure may be prepared through the following
steps.

These steps include a first step of preparing a first aqueous
solution in which a non-benzene-based first structure-direct-
ing agent, providing ordered microporous pore sizes and a
framework of MFI zeolite seed crystals, is dissolved in
water; a second step of preparing a second aqueous solution
in which a cationic surfactant, as a second structure-direct-
ing agent, containing one benzene ring and an ammonium
ion connected to a bivalent alkyl group or alkoxy group, is
dissolved in water; a third step of mixing an aluminum
precursor with the second aqueous solution to prepare a
second' aqueous solution; a fourth step of sequentially
adding a silica precursor and the second' aqueous solution to
the first solution to prepare a mixed solution; and a fifth step
of hydrothermally crystallizing the mixed solution obtained
in the fourth step.

The mesopore volume (cm3/g) of the MFI zeolite with a
microporous and mesoporous hierarchical structure accord-
ing to the present invention is two times or more, preferably
three times or more, and more preferably four times or more,
as compared with a microporous MFI zeolite (refer to Table
1).

For example, the MFI zeolite may be a zeolite selected
from the group consisting of ZSM-5, silicalite, TS-1, AZ-1,
Bor-C, boracite C, encilite, FZ-1, LZ-105, monoclinic
H-ZSM-5, mutenite, NU-4, NU-5, TSZ, TSZ-III, TZ-01,
USC-4, USI-108, ZBH, and ZKQ-1B. Specifically, the MFI
zeolite may be a ZSM-5 zeolite, but is not limited thereto.

The structure-directing agent is a material acting as a
template of a specific crystalline structure, and the charge
distribution, size, and geometric shape of the structure-
directing agent provide structure-directing properties.

In the present invention, the first structure-directing agent
uses a non-benzene-based structure-directing agent capable
of forming seed crystals having an MFI structure as a seed
structure-directing agent. Since the seed structure-directing
agent induces a crystal nucleation reaction, it is not preferred
that the seed structure-directing agent be used as a structure-
directing agent for a secondary growth method.
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For example, the non-benzene-based first structure-direct-
ing agent may be tetraalkylammonium hydroxide (here,
alkyl is C,_, alkyl).

For example, since the tetraalkylammonium hydroxide is
commercialized and sold, commercially available tetraeth-
ylammonium hydroxide or tetrapropylammonium hydrox-
ide may be used. Considering the economic efficiency of
processes, tetrapropylammonium hydroxide, which is a rela-
tively cheap material, may be used, but the present invention
is not limited thereto.

Meanwhile, a template method is frequently used to
produce a porous material having mesopores of 50 nm or
less. For example, heat treatment is performed using a
surfactant having a long chain as a template to convert a
template space into pores, thereby producing a porous oxide.

The present invention is characterized in that a cationic
surfactant, as a second structure-directing agent acting as a
mesopore-directing agent, containing one benzene ring and
an ammonium ion connected to a bivalent alkyl group or
alkoxy group is used together with the non-benzene-based
first structure-directing agent capable of forming seed crys-
tals having an MFTI structure.

For example, the second structure-directing agent may be
a compound represented by Formula 1 below:

[Formula 1]
CHj3
_CH;
X
CH;3

|
L NI

Y

wherein, in Formula 1, X is Br, F, I, or Cl, L is —O— or
a direct bond, and 1=n<6, preferably, 1=n=4 is satisfied.

For example, the second structure-directing agent of For-
mula 1 may be halogenated benzyltrimethylammonium rep-
resented by Formula 1-1 below, and, specifically, may be
benzyltrimethylammonium bromide in which X is Br. How-
ever, examples thereof are not limited thereto.

[Formula 1-1]
CH;
N T x
| Scm;
CH;

In Formula 1-1, X is Br, F, 1, or Cl.

The second structure-directing agent of the present inven-
tion may not prevent the first structure-directing agent from
providing a framework of MFI zeolite seed crystals of
ordered microporous pore sizes, and may serve as a mes-
opore-directing agent. When the MFI zeolite is hydrother-
mally synthesized by using both the first structure-directing
agent and the second structure-directing agent, there may be
provided an MFI zeolite with a hierarchical structure in
which an ordered microporous MFI zeolite additionally has
mesopores.

In the method according to the present invention, as the
silica precursor and the aluminum precursor, a general silica
precursor and a general aluminum precursor, which are used
in the preparation of MFI commonly known in the art, may
be used without limitation. For example, the silica precursor
may be tetraethyl orthosilicate (TEOS), glass water, fumed
silica, or colloidal silica, and the aluminum precursor may
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be sodium aluminate, aluminum isopropoxide, aluminum
oxide, or aluminum hydroxide.

In the method according to the present invention, the
following compounds supplying elements other than silicon
constituting MFI crystals may further be added:

1) all kinds of F-containing materials, such as HF, NH,F,
NaF, and KF; and/or

2) materials used in inserting different kinds of elements
other than aluminum and silicon into a framework (for
example, transition metals such as titanium, group 13 ele-
ments such as gallium, and group 14 elements such as
germanium).

It is preferable that the ratio of the additional raw material
be limited to the range of 0.1 to 30.

In the method according to the present invention includ-
ing the first to fifth steps, there may be provided an MFI
zeolite with a hierarchical structure, as a novel catalyst,
which maintains excellent catalytic characteristics such as
thermal stability and acidic sites of a conventional MFI
zeolite and additionally provides mesopores to overcome the
disadvantage of limited catalytic application due to the
restriction of mass transfer.

In this case, the distribution and/or size of mesopores may
be adjusted by the content of the additionally used second
structure-directing agent (for example, halogenated benzylt-
rimethylammonium), and the mass transfer in the process of
reactants reaching active sites and/or the process of dis-
charging reaction products from active sites to the outside of
a catalyst may be facilitated by adjusting the size of mes-
opores to prevent the reduction of catalytic activity due to
the restriction of mass transfer. That is, when the amount of
the second structure-directing agent used is adjusted, the
pore size of the synthesized MFI zeolite with a hierarchical
structure may be adjusted to a level that facilitates mass
transfer according to the kind of reactants and/or products.

In an embodiment of the present invention, when ben-
zyltrimethylammonium bromide, as an additional structure-
directing agent, was included or not included in tetrapropy-
lammonium hydroxide, which is a structure-directing agent
generally used in MFI zeolite, to prepare ZSM-5 zeolites and
X-ray diffraction patterns thereof were compared with each
other, it was found that the ZSM-5 zeolite synthesized by the
method of the present invention includes unique peaks
appearing in the conventional ZSM-5 zeolite, and thus it can
be ascertained that the ZSM-5 zeolite synthesized by the
method of the present invention includes micropores of the
ZSM-5 zeolite itself (refer to FIG. 2).

Specifically, the tetraalkylammonium hydroxide as the
first structure-directing agent and the halogenated benzylt-
rimethylammonium as the second structure-directing agent
are used at a weight ratio of 1:(0.1 to 5). When the weight
ratio of the tetraalkylammonium hydroxide and the haloge-
nated benzyltrimethylammonium is less than 1:0.1, the
development of mesopores may be inhibited, and when the
weight ratio thereof is more than 1:5, the development of
mesopores may be inhibited, and thus desirable catalytic
properties of the MFI zeolite itself may be lost.

The MFI zeolite of the present invention may be prepared
at a molar ratio of tetraethyl orthosilicate as the silica
precursor sodium aluminate as the aluminum precursor:
tetraalkylammonium hydroxide as the first structure-direct-
ing agent:benzyltrimethylammonium bromide as the second
structure-directing agent:water of (30 to 35):(0.7 to 1.3):(5
to 10):(10 to 15):(1100 to 1200), but the present invention is
not limited thereto. When the molar ratio of the raw mate-
rials cannot be maintained, it may be difficult to synthesize
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an MFI zeolite with a developed microporous and mes-
oporous hierarchical structure to be attained.

For example, the fifth step may be performed at a tem-
perature ranging from 150° C. to 250° C. for 12 hours to 48
hours. However, the present invention is not limited thereto,
and the fifth step may be performed by using a hydrothermal
crystallization condition and/or method used in the prepa-
ration of conventional MFI zeolites.

Moreover, the method according to the present invention
may further include the steps of: washing, drying or sinter-
ing the crystals obtained from the fifth step, or combining
two or more steps selected therefrom. However, the present
invention is not limited thereto, and each of the steps may be
performed using conventional washing, drying, and firing
methods known in the art. For example, the washing step
may be performed by filtering the crystals with a lower
alcohol such as ethanol, and the drying step may be per-
formed by leaving the washed crystals overnight at 100° C.
or higher, for example, 110° C., but the present invention is
not limited thereto. The sintering step may be performed at
500° C. or higher, for example, 550° C., but the present
invention is not limited thereto.

The MFI zeolite with a microporous and mesoporous
hierarchical structure prepared according to the method of
the present invention may have a molar ratio of Si/Al of 20
to 150, and specifically a molar ratio of Si/Al of 30 to 35.
However, the present invention is not limited thereto, and
the molar ratio thereof is not limited as long as the MFI
zeolite has a microporous and mesoporous hierarchical
structure.

The MFI zeolite with a microporous and mesoporous
hierarchical structure prepared according to the method of
the present invention may be a cubic particle in which each
side has a deviation of less than 10% in length. For example,
the MFI zeolite of the present invention prepared in this way
may be a cubic particle having a horizontal length of 3 pm
to 10 um, a vertical length of 3 um to 10 pm, and a height
of 3 um to 10 um, but is not limited thereto.

In another aspect of the present invention, there is pro-
vided an acidic catalyst composition including the MFI
zeolite with the aforementioned ordered microporous and
mesoporous hierarchical structure as an active ingredient.
For example, the acidic catalyst composition according to
the present invention may be used in a conversion reaction
of acetylene into an aromatic compound.

The present inventors have found that the MFI zeolite
with a microporous and mesoporous hierarchical structure
according to the present invention has a catalytic activity for
the conversion reaction of acetylene into an aromatic com-
pound. For example, the aromatic compound that can be
synthesized from acetylene by using the catalyst composi-
tion of the present invention may be benzene, toluene, or
xylene. Specifically, the catalyst composition of the present
invention may be useful for the synthesis of xylene, but the
kind of the aromatic compound that can be synthesized by
using this catalyst composition is not limited thereto.

In still another aspect of the present invention, there is
provided a method of preparing an aromatic compound from
acetylene, a derivative thereof, or a product prepared by
using the aromatic compound or the derivative thereof as an
intermediate, the method including: forming an aromatic
compound from acetylene in the presence of the aforemen-
tioned acidic catalyst composition.

As described above, since the MFI zeolite with a micropo-
rous and mesoporous hierarchical structure according to the
present invention has excellent catalytic activity for the
conversion reaction of acetylene into an aromatic com-
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pound, an aromatic compound such as benzene, toluene, or
xylene may be synthesized by using the catalyst composition
including this MFI zeolite as an active ingredient. Specifi-
cally, the catalyst composition of the present invention may
be useful for the synthesis of xylene, but the kind of the
aromatic compound that can be synthesized by using this
catalyst composition is not limited thereto.

Further, the product that can be prepared by using the
aromatic compound or derivative thereof as an intermediate
is also included in the scope of the present invention. The
product that can be prepared by using the aromatic com-
pound or derivative thereof as an intermediate is a material
prepared through an additional process by using the aro-
matic compound or derivative thereof prepared using the
catalyst of the present invention, and a non-limiting example
thereof may include a synthetic polymer having an aromatic
moiety such as polyester. The additional process may
include transalkylation, hydrocracking, and esterification.

Since the ZSM-5 zeolite with a microporous and mes-
oporous hierarchical structure according to the present
invention maintains the large surface area, acidic sites, and
excellent hydrothermal stability of the conventional ZSM-5
zeolite itself and further includes a mesoporous structure,
this ZSM-5 zeolite can overcome the disadvantage that mass
transfer is restricted in the conventional structure including
only micropores, and thus this ZSM-5 zeolite can be used as
a catalyst in various reactions. In particular, since this
ZSM-5 zeolite exhibits excellent activity for the conversion
reaction of acetylene into an aromatic compound, this
ZSM-5 zeolite can be usefully used as a catalyst for syn-
thesizing an aromatic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features, and advantages of
the present invention will be more clearly understood from
the following detailed description taken in conjunction with
the accompanying drawings, in which:

FIG. 1 shows the results of observing the shape of the
ZSM-5 zeolite (marked as HCZ-1) having a hierarchical
structure according to the present invention by field emis-
sion scanning electron microscopy (FE-SEM), in which
conventional ZSM-5 zeolite is used as a control group;

FIG. 2 shows the XRD analysis results of the ZSM-5
zeolite (marked as HCZ-1) having a hierarchical structure
according to the present invention, in which conventional
ZSM-5 zeolite is used as a control group;

FIG. 3 shows the adsorption amount of the ZSM-5 zeolite
(marked as HCZ-1) having a hierarchical structure accord-
ing to the present invention with respect to relative pressure,
in which conventional ZSM-5 zeolite is used as a control
group;

FIG. 4 shows a conversion reaction of acetylene into an
aromatic compound using the catalyst according to the
present invention; and

FIG. 5 schematically shows a crystal having an MFI
structure into which a structure-directing agent is inserted.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, the present invention will be described in
more detail with reference to Examples. However, these
Examples are only illustrative of the present invention, and
the scope of the present invention is not limited to these
Examples.
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Example 1: Preparation of ZSM-5 Zeolite with
Hierarchical Structure

2.441 g of 41.7 wt % tetrapropylammonium hydroxide
(TPAOH) was added to 8.388 g of water and stirred for 30
minutes to prepare a first solution. Additionally, 1.91 g of
benzyltrimethylammonium bromide (BTMAB) was added
to 3 g of water to prepare a second solution. Sodium
aluminate (NaAlO2) was added to the second solution and
mixed by stirring for 30 minutes. Tetraethyl orthosilicate
(TEOS) and the second solution were sequentially added to
the first solution to prepare a mixed solution. The mixed
solution was stirred for about 3 hours until this solution
became transparent. The mixed solution was hydrothermally
synthesized at 190° C. for 24 hours by using an autoclave.
The resultant was filtered and washed with distilled water
and ethanol to obtain crystals. The obtained crystals were
dried overnight at 110° C., and then sintered at 550° C. In
this case, the reactants were used at a molar ratio of
TEOS:NaAlO2: TPAOH:BTMAB:H20 of 32:1:8:13:1138.
The shape of the synthesized ZSM-5 zeolite with a hierar-
chical structure was observed by field emission scanning
electron microscopy (FE-SEM), and the results thereof are
shown in FIG. 1. As shown in FIG. 1, the ZSM-5 zeolite with
a hierarchical structure according to the present invention
was formed in the shape of a regular cube, and thus this
ZSM-5 zeolite was named HCZ-1 (hierarchical cubic zeo-
lite-1).

Comparative Example 1: Preparation of
Conventional ZSM-5 Zeolite

A conventional ZSM-5 zeolite was prepared in the same
manner as in Example 1, except that benzyltrimethylammo-
nium bromide (BTMAB) was not used. The shape of the
ZSM-5 zeolite prepared in this way was observed by FE-
SEM, and the results thereof are shown in FIG. 1.

Example 2: Conversion of Synthesized Zeolite to
Proton Form (H-Form)

Since each of the zeolites synthesized according to
Example 1 and Comparative Example 1 has a sodium-
bonded form, the sodium-bonded form is required to be
converted to a proton form in order to impart activity as a
catalyst, and thus the two kinds of zeolites were treated as
follows to be converted to a proton form.

Specifically, the sodium-bonded zeolite prepared accord-
ing to Example 1, Na-HCZ-1, was added to 30 mLLofa 1 M
aqueous ammonium sulfate solution, stirred at 70° C. for 24
hours, and then vacuum-filtered with distilled water to be
converted into an ammonium form. The process was
repeated twice. Then, the zeolite converted to an ammonium
form was sintered at 500° C. for 3 hours or more to be
converted to a proton form. The conventional zeolite pre-
pared in a sodium form according to Comparative Example
1, conventional Na-ZSM-5, was also converted to a proton
form in the same manner.

Experimental Example 1: Analysis of
Characteristics of ZSM-5 Zeolite

The zeolites prepared according to Example 1 and Com-
parative Example 1 and converted to a proton form accord-
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ing to Example 2 were analyzed by XRD, and the results
thereof are shown in FIG. 2. As shown in FIG. 2, the ZSM-5
zeolite with a hierarchical structure according to the present
invention, HCZ-1, includes an XRD peak inherent to ZSM-5
observed from conventional ZSM-5 zeolite, and this indi-
cates that the microstructure of ZSM-5 is maintained.

Moreover, the adsorbed quantities of the zeolites accord-
ing to relative pressure were measured as shown in FIG. 3,
and the BET surface areas and mesopore volumes of the
zeolites were measured and given in Table 1 below. As
shown in FIG. 3, the adsorbed quantity of the HCZ-1 having
a hierarchical structure was greater than the adsorbed quan-
tity of the conventional ZSM-5 zeolite, and the mesopore
volume of the HCZ-1 having a hierarchical structure was
remarkably increased as compared with the mesopore vol-
ume of the conventional ZSM-5 zeolite.

TABLE 1

Conventional ZSM-5 HCZ-1
BET surface area (m?/g) 432 303
Mesopore volume (cm®/g) 0.089 0.425

Experimental Example 2: ZSM-5 Zeolite Catalytic
Conversion of Acetylene

The acetylene conversion reaction shown in FIG. 4 was
performed using each of the zeolites prepared according to
Example 1 and Comparative Example 1 and imparted with
catalytic activity according to Example 2, and the results
thereof were summarized in a series of tables below. The
selectivity of a catalytic reaction, yield of each component,
and yields of aromatic compounds and total products using
the conventional ZSM-5 zeolite were given in order in FIGS.
2 to 4, and those for using the ZSM-5 zeolite (HCZ-1)
having a hierarchical structure according to the present
invention were given in FIGS. 5 to 7.

Specifically, in the acetylene conversion reaction, acety-
lene (C,H,), hydrogen (H2), and nitrogen (N2) as an internal
standard were reacted at 400° C. while being injected into a
reactor filled with 0.3 g of each of the catalysts at flow rates
of 10 sccm, 40 scem, and 50 cem, respectively.

The values in the following tables are calculated as
follows. For reference, TOS means time on stream.

C,H; input— C,H, output

C,H, input=
22 1pY C,H, input

X output

Selectivity =
clectivity C,H; input— C,H, output

In the equations, X indicates CH,, C,H,, C,H,, C H,,
C8H6, benzyl, toluene, or xylene as a product of the
acetylene conversion reaction.

Yield of X=C,H, conversion ratexselectivity of X
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TABLE 2
GH,
TOS Conversion rate Selectivity (%)
(min) (%) CH, C,Hs C,H, C3Hg C;Hg benzene toluene xylene unknown
0 89.19 001 001 061 0 029 031 036  0.19 0.11
TABLE 3
GH,
TOS Conversion rate Yield (%)
(min) (%) CH, C,Hgs C,H,; C3Hg C3Hg benzene toluene =xylene unknown
0 89.19 001 001 054 0 026 028 032 017 0.09
TABLE 4 What is claimed is:
20 1. A method for preparing an MFI zeolite with a micropo-
Temperature CzHz Yield (%) rous and mesoporous hierarchical structure in which an
and specimen TOS  comversion rate  Aromatic Total ordered microporous MFI zeolite additionally has mesopo-
conditions (min) (%) compound  products res, the method comprising:
100° C. ZSMLS 0 2910 077 Los s a first step of preparing a first aqueous SOl.utIOI.l in which
(Si/Al = 40) a non-benzene-based first structure-directing agent,
providing ordered microporous pore sizes and a frame-
work of MF1 zeolite seed crystals, is dissolved in water;
TABLE 5
C2H2
TOS Conversion rate Selectivity (%)
(min) (%) CH, C,Hgs C,H,; C3Hg C3Hg benzene toluene =xylene unknown
0 84.01 001 0 067 0 021 016 028 133 0.17
TABLE 6
GH,
TOS Conversion rate Yield (%)
(min) (%) CH, C,Hs C,H, C3Hg C;Hg benzene toluene xylene unknown
0 84.01 0 0 036 0 017 014 024 112 0.14
TABLE 7 a second step of preparing a second(2) aqueous solution
in which a cationic surfactant, as a second structure-
o directing agent, containing one benzene ring and an
Temperature C2H2 Yield (%) 50 ammonium ion connected to a bivalent alkyl group or
alkoxy group, is dissolved in water;
and specimen TOS  conversion rate  Aromatic Total a third step of mixing an aluminum precursor with the
conditions (min) (%) compound  products second aqueous solution to prepare a second'(2') aque-
ous solution;
400° C. HCZ-1 0 84.01 1.49 2.38 55 afourth step of sequentially adding a silica precursor and
(SVAI = 34) the second' aqueous solution to the first aqueous solu-

Comparing the results of Tables 2 to 4 with the results of
Tables 5 to 7, when the ZSM-5 zeolite (HCZ-1) having a
hierarchical structure according to the present invention was
used, the yield of total products was increased, the yield of
an aromatic compound was remarkably increased, and in
particular, the selectivity and yield of xylene were increased
seven-fold compared to when the conventional ZSM-5 was
used.

65

tion to prepare a mixed solution; and

a fifth step of hydrothermally crystallizing the mixed
solution obtained in the fourth step to form the MFI
zeolite.

2. The method of claim 1, wherein the non-benzene-based
first structure-directing agent is tetraalkylammonium
hydroxide having a C, _, alkyl.

3. The method of claim 1, wherein the second structure-
directing agent is a compound represented by Formula 1
below:
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[Formula 1]
CHj3

| Hs
L N

C
x
\("ﬁ \CHs

wherein, in Formula 1, X is Br, F, I, or Cl, L is —O— or
a direct bond, and 1=n<6 is satisfied.

4. The method of claim 1, wherein the second structure-
directing agent does not prevent the first structure-directing
agent from providing a framework of MFI zeolite seed
crystals of ordered microporous pore sizes, and serves as a
mesopore-directing agent.

5. The method of claim 1, wherein the MFI zeolite with
a microporous and mesoporous hierarchical structure is a
cubic particle in which each side has a deviation of less than
10% in length.

6. The method of claim 1, wherein the MFI zeolite is a
zeolite selected from the group consisting of ZSM-5, sili-
calite, TS-1, AZ-1, Bor-C, boracite C, encilite, FZ-1,
LZ-105, monoclinic H-ZSM-5, mutenite, NU-4, NU-5,
TSZ, TSZ-111, TZ-01, USC-4, USI-108, ZBH, and ZKQ-1B.

7. The method of claim 1, wherein the first structure-
directing agent and the second structure-directing agent are
used at a weight ratio of 1:(0.1 to 5).

8. The method of claim 1, wherein the silica precursor is
tetraethyl orthosilicate (TEOS), glass water, fumed silica, or
colloidal silica, and the aluminum precursor is sodium
aluminate, aluminum isopropoxide, aluminum oxide, or
aluminum hydroxide.

9. The method of claim 1, wherein the second structure-
directing agent is benzyltrimethylammonium bromide
(BTMAB).

10. The method of claim 9, wherein a molar ratio of
tetraethyl orthosilicate as the silica precursor:sodium alumi-
nate as the aluminum precursor:tetraalkylammonium
hydroxide as the first structure-directing agent:benzyltrim-

10

20

25

35

14
ethylammonium bromide as the second structure-directing
agent:water is (30 to 35):(0.7 to 1.3):(5 to 10):(10 to 15):
(1100 to 1200).

11. The method of claim 1, wherein the fifth step is
performed at a temperature ranging from 150° C. to 250° C.
for 12 hours to 48 hours.

12. An MFI zeolite with an ordered microporous and
mesoporous hierarchical structure, in which an ordered
microporous MFI zeolite additionally has mesopores, pre-
pared by the method of claim 1.

13. The MFI zeolite of claim 12, wherein the non-
benzene-based first structure-directing agent is tetraalkylam-
monium hydroxide having a C, _,, alkyl.

14. The MFI zeolite of claim 12, wherein the second
structure-directing agent is a compound represented by
Formula 1 below:

[Formula 1]
CHj3

| cH;
L N+\/ X-
©/ Nt N

wherein, in Formula 1, X is Br, F, I, or Cl, L is —O— or
a direct bond, and 1=n<6 is satisfied.

15. A method of converting acetylene, the method com-
prising:

providing an acidic catalyst comprising the MFI zeolite of

claim 12; and

contacting acetylene with the acidic catalyst to produce

aromatic compounds.

16. The method of claim 15, wherein the aromatic com-
pounds are benzene, toluene, or xylenes.

17. The method of claim 15, further comprising a step of
converting the aromatic compounds by transalkylation,
hydrocracking, esterification, or a combination thereof to
produce a product.



