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Abstract. Synthesis and characterization of mesoporous ZSM-5 using two kinds of secondary templates with different
polarity, polydiallyldimethylammonium chloride (PDDA-Cl) or cetyltrimethylammonium bromide (CTABr) were
studied. The weight lost after calcination at 550 °C for 5 hours were 30.93 wt% and 25.87 wt% for PDDA-Cl-templated
ZSM-5 (ZSM-5pc) and CTABr-templated ZSM-5 (ZSM-5cs), respectively. Both as-synthesized mesoporous ZSM-5
zeolites then were characterized by XRD, FTIR, SEM, and EDX. Based on wide angle XRD analysis that both
mesoporous ZSM-5 showed similar diffraction patterns and the typical peaks of ZSM-5 in which 2θ = 7°-9° (doublet
peaks) and 22°-25° (triplet peaks) appeared. For the analysis of functional group, FTIR analysis showed that both
mesoporous ZSM-5 gave strong band at 550 cm-1, which is attributed to asymmetric stretching vibration of the double
5-rings from MFI zeolites. Meanwhile, the result of EDX calculation showed mesoporous ZSM-5pc had Si/Al ratio of
26.69 and ZSM-5cs had Si/Al ratio of 12.62. Furthermore, the SEM images exhibited mesoporous ZSM-5pc had
morphology of hexagonal (coffin-like) while ZSM-5cs had ellipse form.
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INTRODUCTION
Energy source that being used today primarily comes from petroleum, a non-renewable energy source. So, that it
is a very necessary effort to reduce the dependency on petroleum. One way to do that is to utilize the natural
potential of more abundant but renewable sources, such as methane gas that obtained from natural gas, feedstock,
landfill, and biomass. However, methane is one of greenhouse gases [1] so that the utilization of methane to
methanol directly is less environmentally friendly. Therefore, conversion of methane to methanol is one of many
solutions to utilize the natural potential as environmentally friendly energy source. Furthermore, methanol can be
used in conventional combustion engines without requiring major adjustments [1] and also as fuel of direct methanol
fuel cell (DMFC) [2,3]. However, direct methane conversion to methanol is quite difficult due to the thermodynamic
obstacles. To overcome that problem, attempts to convert methane to methanol have been done by other groups and
among others using ZSM-5 zeolite impregnated with cobalt as catalyst [4,5]. ZSM-5 is a zeolite which has MFI-type
framework, which is composed of straight channels and zigzag channels [6]. Therefore, ZSM-5 allows to perform
high shape and size selectivity toward reactant and/or product molecules [6,7].
Since the mesoporous addition to conventional microporous ZSM-5 is important, in order to keep mass transport
to and from active site and to extend the catalyst lifetime, the choice of secondary template as mesoporous directing
agent becomes important. One of the secondary template that often used as mesoporous directing agent is cationic
polymer, as reported by Wang et al. [8]. It is show that the cationic polymers can interact effectively with inorganic
silicate species resulting in (mesoporous stucture) in which the pore size can be tuned by changing the amount of
cationic polymers [8]. Although the cationic polymer could reduce the phase separation and interact with inorganic
silicate species effectively, but the obtained mesoporous form was still poorly ordered, as shown by Meng et al. [9]
and Xiao et al. [10]. Mesoporous disorder is highly influenced by the interaction which takes place between
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secondary template and silicate species at step of the mesoporous structure formation. In this case, the most
important factor is template polarity. Therefore, in the present work synthesis and characterization of mesoporous
ZSM-5 using two kinds of secondary templates that the different in polarity i.e. PDDA-Cl (having polar site) and
CTABr (having polar and non polar site) were carried out, with aim to know the effect of template polarity toward
the formed mesoporous structure and the characteristics of the obtained mesoporous ZSM-5. Furthermore, we also
aim to synthesize mesoporous ZSM-5 with well-ordered mesoporous structure as MCM-41 by using CTABr as
mesoporous directing agent.

MATERIALS AND METHODS
Materials
Materials are used in this experiment i.e. tetraethyl orthosilicate (TEOS) 98% (Sigma Aldrich),
tetrapropylammonium hydroxide (TPAOH) 1 M (Sigma Aldrich), sodium aluminate (Sigma Aldrich),
polydiallyldimethylammonium chloride (PDDA-Cl 35%), cetyltrimethylammonium bromide (CTABr) 98% (Sigma
Aldrich), and distilled water.

Mesoporous ZSM-5 Preparation Using PDDA−Cl
This synthesis followed the procedure developed by Krisnandi et al. [4] with (slightly) modification. First,
sodium aluminate (0,3 g), TPAOH (36.9 g), and TEOS (25.1 g) were dissolved in 87.6 g of distilled water.
Afterward, the mixture solution was adjusted pH until ~11 and then aged for 3 h. All steps took place under stirring
condition at 100 °C with total molar ratio of gel: 1 Al2O3 : 64.3 SiO2 : 10.1 (TPA)2O : 3571.7 H2O. Then, 3 g of
PDDA-Cl was added into the mixture solution at room temperature and stirred for 15 h. The obtained suspension
was placed in autoclave for hydrothermal process for 144 h at 150 °C. The solid product was collected by filtered,
then washed with distilled water, dried at 60 °C for 12 h and calcined at 550 °C for 5 h. The obtained sample was
labelled as ZSM-5pc. Subsequently, the ZSM-5pc was characterized by XRD, FTIR, SEM, and EDX instruments.

Mesoporous ZSM−5 Preparation Using CTABr
This synthesis was done by following the previous procedure [4,11]. Briefly, the resulted gel after mixing all
reagents had composition of molar ratio: 1 Al2O3 : 64.3 SiO2 : 10.1 (TPA)2O : 3571.7 H2O : 4.4 CTABr and all steps
carried out at room temperature. The obtained suspension then was placed in autoclave for hydrothermal process for
72 h at 120 °C. Then, the product was filtered, washed with distilled water, dried at 60 °C for 12 h and calcined at
550 °C for 5 h. The obtained sample was labelled as ZSM-5cs. Afterward, the ZSM-5cs was characterized by XRD,
FTIR, SEM and EDX instruments.

RESULTS AND DISCUSSION
Figure 1a and 1b showed the wide angle XRD patterns of both mesoporous ZSM-5. All samples exhibited the
presence of typical peaks of ZSM-5-type structure which are located at 2θ = 70°-90° (doublet peaks) and 22°-25°
(triplet peaks) [4]. Furthermore, both mesoporous ZSM-5 using PDDA-Cl and CTABr also showed high intensity on
the typical peaks which indicates that the ZSM-5 structure possesses high crystallinity. However, the regularity of
mesoporous structure which expected to be formed on ZSM-5cs was not occurred. It showed by Fig. 1c in which the
absence of diffraction patterns at 2θ= 2.5°, 4.25° and 4.81° which is attributed to the (100), (110), and (200) plane
reflection of two-dimensional hexagonal structure of MCM-41 [11]. This indicates that the formed mesoporous
structure was disorder [12].
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FIGURE 1. Powder XRD patterns of wide angle (a) ZSM-5cs, (b) ZSM-5pc and low angle (c) ZSM-5pc and ZSM-5cs.
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FIGURE 2. FTIR spectra of (a) ZSM-5pc and (b) ZSM-5cs.
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FIGURE 3. SEM images of (a) mesoporous ZSM-5pc (magnification of ×2,500) and (b) ZSM-5cs
(magnification of × 5,000)

Figure 2 showed FTIR spectra of both mesoporous ZSM-5. According to the spectra, ZSM-5pc and ZSM-5cs
contain MFI structure which is the typical structure belongs ZSM-5. It showed by the presence of strong band
around 550 cm-1, in which the band is assigned to asymmetric stretching vibrations of double 5-ring from MFI
structure [12]. Moreover, asymmetric stretching vibrations of the external and internal structure of T-O (T = Si or
Al) were also observed which showed by the presence of band at around 1225 cm-1 and 1093 cm-1, respectively [1314]. The band at around 795 cm-1 also appeared, which is attributed to symmetric stretching vibrations of internal
tetrahedron structure nor external tetrahedron structure [13−15]. Whereas, the band at around 450 cm-1 assigned to
bending vibrations of T-O [13-15], was not clearly observed since stacked with the band at around 420-300 cm-1
(attributed to pore vibrations [13]).
SEM images of ZSM-5pc and ZSM-5cs are shown in Fig. 3. Image of ZSM-5pc exhibited hexagonal-shaped
crystal which is typical shape of ZSM-5 [4]. The presence of rough structure on the crystal surface is caused by the
mesoporous formation on zeolite framework. While image of ZSM-5cs exhibited ellipse-shaped crystal with the
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TABLE 1. EDX elemental analysic of ZSM-5 zeolite

Name
ZSM-5pc
ZSM-5cs

2nd

Template
PDDA-Cl
CTABr

Mass percent of Si
48.32
45.55

Mass percent of Al
1.81
3.61

Si/Al molar ratio
26.69
12.62

crystal surface roughly and staircase steps indicating the mesoporous formation. The morphology of ZSM-5 with
ellipse shape also was observed by Zhu et al. [6] and Jiang et al. [11]. According to Jiang et al. [11], the morphology
of mesoporous ZSM-5 depends on the amount of CTABr (mesoporous direction) used. Meanwhile, Zhu et al. [6]
explained that the crystal morphology with ellipse shape is not resemble the typical morphology of conventional
ZSM-5 crystal. They also explained that the cubic-shaped crystal morphology is morphology that similar to
conventional ZSM-5 zeolite, and to change the morphology from ellipse shape to cubic shape could be carried out
by adding the amount of CTABr that used [6,11]. So that, the morphology of ZSM-5cs which ellipse-shaped
supposed due to little amount of CTABr used.
Si/Al ratio of ZSM-5pc and ZSM-5cs was shown in Table 1. Based on EDX measurement, ZSM-5pc had Si/Al
ratio of 26.69 with the mass percent of Si and Al of 48.32% and 1.81%, respectively. Meanwhile, ZSM-5cs had Si/Al
ratio of 12.62 with the mass percent of Si and Al of 45.55% and 3.61%, respectively. The lower Si/Al ratio in
ZSM-5cs compared ZSM-5pc was caused due to the Al content in ZSM-5cs (3.61%) higher than ZSM-5pc (1.81%).
This is might be due to the percent of aluminum-substituted mesoporous silicate when synthesized by CTABr as
mesoporous directing agent [6]. This phenomena occurred since the effect of sodium ions and the cationic head
groups of CTABr which supported the incorporation of tetrahedral aluminum into the zeolite framework [16].
Moreover, the role of tetraalkylammonium base that acting as an aluminum directing agent also supported the
incorporation of the aluminum species [16]. Therefore, the mass percent of Si in ZSM-5cs (45.55%) lower than
ZSM-5pc (48.32%) which is the consequence of the substitute phenomena.

CONCLUSIONS
Both mesoporous ZSM-5 have been successfully synthesized using two kinds of secondary templates, PDDA-Cl
(cationic polymer) and CTABr (cationic surfactant), that different in polarity. Moreover, the mesoporous structure
also formed which is marked by the presence of the rough crystal surface. However, the well-ordered mesoporous
structure which expected to be formed by using CTABr was not occurred. For Si/Al ratio, ZSM-5cs had the ratio
(12.62) lower than the one of using PDDA-Cl (26.69). The lower Si/Al ratio of ZSM-5cs indicates that the negative
charge of ZSM-5cs, is high enough, so that it has the potential to be modified into a mesoporous M/ZSM-5 (M =
metal) which is reactive and selective catalyst toward the conversion of methane to methanol.
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