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3 . MCM-48 is an important mesoporous silica material for current large-scale applications
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Available online 23 July 2018 silica materials. In the current project, reflux synthesis method was studied and
compared with conventional hydrothermal synthesis for the synthesis of MCM-48
samples. The synthesis temperature was varied (60 — 100 °C) at constant 2 days for
both methods. The synthesized samples were characterized for its property using
different analytical techniques including scanning electron microscope (SEM), x-ray
powder diffraction (XRD), Fourier transform infrared microscope (FTIR),
Thermogravimetric Analysis (TGA) and Brunauer-Emmett-Teller (BET). In current
project, spherical particles of MCM-48 were successfully synthesized by reflux
synthesis method at 100 °C for 2 days as well as conventional hydrothermal synthesis
at 100 °C for 2 days, as observed from SEM and XRD analysis. From the BET analysis,
the MCM-48 samples produced by reflux synthesis and conventional hydrothermal
synthesis at 100 °C for 2 days displayed comparable pore characteristic with the
commercial MCM-48 and MCM-48 reported by other researchers.

Keywords:

Mesoporous silica materials, MCM-48,

porous characteristic, Reflux synthesis

method Copyright © 2018 PENERBIT AKADEMIA BARU - All rights reserved

1. Introduction

Nanoporous materials are extremely important as the backbone of current large-scale
applications in key fields of the chemical industry [1]. These materials consist of high specific surface
areas, regular organic or inorganic framework supporting a regular, well-defined pore sizes and
structure, and functional sites [2]. Nanoporous materials are widely used in the field of molecular
adsorption, molecular storage and CO; separation, sensing, catalysis, drug delivery, and so forth [3].
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According to IUPAC, nanoporous materials can be divided into 3 categories which are microporous
materials (0.2 — 2nm), mesoporous materials (2 — 50nm), and macroporous materials (50 —
1000nm)[4]. Mesoporous materials have gained great interest and research effort in the synthesis,
characterisation, functionalization, molecular modelling and design since first procedure of
formation of mesoporous silica materials was patented around the year of 1970, followed by
production of mesoporous materials by Japan researchers and Mobil Corporation laboratories,
respectively [5-11]. Mesoporous silica material is a mesoporous molecular sieves form of silica. There
are few common types of mesoporous silica material, such as MCM-41, MCM48 and MCM-50, which
composed of amorphous silica wall, and consisted of long range ordered framework with constant
mesopores and large surface area. In recent nanotechnology development, it is getting much
attention in different fields, such as sorption, gas sensing and ion exchange. Henceforth, the field of
mesoporous silica materials, has undergone significant developments and steadily grown in the past
decades.

Conventional hydrothermal synthesis is the common method to produce MCM-48. This method
involves heating of the solution precursor under certain temperature and autogenous pressure in a
closed reactor. However, there is still research efforts in exploring for alternative synthesis method
for MCM-48, with the aim to produce MCM-48 with better quality. To the best of our knowledge,
there is no works reported on the synthesis of MCM-48 by using reflux synthesis method. Hence, the
current study focused on synthesis of MCM-48 materials using reflux synthesis method as well as
conventional hydrothermal synthesis. The synthesis temperature was varied from 60 to 100 °C to
study its effect on the properties of the formed MCM-48. The formed materials were characterised
for its property using different analytical techniques including scanning electron microscope (SEM),
X-ray powder diffraction (XRD), Fourier transform infrared microscope (FTIR), Thermogravimetric
Analysis (TGA) and Brunauer-Emmett-Teller (BET). MCM-48 materials formed by reflux synthesis
method and conventional hydrothermal synthesis in current study were compared.

2. Methodology
A. Materials

The chemical materials used are deionised water (H20), hexadecyltrimethylammonium bromide,
CTAB (299%), sodium hydroxide, NaOH and tetraethyl orthosilicate, TEOS (298%).

B. Synthesis of the Samples

The solution precursor was prepared according to the mole ratio recipe which is
1TEOS:0.59CTAB:0.5NaOH:61H,0. CTAB and NaOH were dissolved into deionised water. The mixture
solution was stirred at 35 °C for 2 hours and followed by addition of TEOS. The resultant mixture was
stirred for another 30 minute. The final solution precursor was subjected to conventional
hydrothermal synthesis and reflux synthesis methods separately for the synthesis of MCM-48. For
heating via conventional hydrothermal synthesis, the solution precursor was loaded and sealed in a
stainless steel vessel. This vessel was heated up to the desired synthesis temperature for 2 days in an
oven. However, for heating through reflux synthesis method, the solution precursor was loaded into
three head round bottom flask with condenser set. This flask was heated at the desired synthesis
temperature for 2 days in a heating mantle. The planned synthesis temperature studied for synthesis
of MCM-48 via conventional hydrothermal synthesis and reflux synthesis methods, with the names
of the samples, are shown in Table 1. Afterwards, the precipitate was filtered and rinsed with
deionised water, and then dried at 100 °C temperature overnight by using an oven. Lastly, the sample
was calcined at 550 °C for 6 hours by using a furnace.
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Table 1
Planned Experimental Set of Synthesis Conditions (Synthesis Temperature) for Synthesis of Samples
via both Synthesis Methods for 2 Days

Conventional Synthesis Temperature (°C)

Hydrothermal Synthesis

Method [H] 60 70 80 90 100
Name of the samples H2,60 H2,70 H2,80 H2,90 H2,100
Reflux Synthesis Method Synthesis Temperature (°C)

(R] 60 70 80 90 100
Name of the samples R2,60 R2,70 R2,80 R2,90 R2,100

C. Characterization of the Samples

Different characterization methods were used in this research project for the analysis of
properties of the samples. FTIR analysis on the samples was performed using the FTIR model of
Spectrum One or BX. The wave range for FTIR was between 450 — 4000 cm™. The samples were
subjected to N; adsorption studies at 77K using BET machine (BEL JAPAN, INC, Japan, model: Belsorp).
TGA analysis of the samples was performed using TGA model of PYRIS 1. The TGA was operated under
the flow of nitrogen gas, with temperature between 25°C and 800°C. The heating rate for the
operation condition of TGA was 10°C/ min. SEM model of SUPRA 55VP was used to study the
morphology of the samples. The samples were tested for XRD analysis by using D8 Discover Advance
model manufactured by Bruker, Germany. The diffraction angles were in the range of 1° to 50°.

3. Results and Discussion
A. Scanning Electron Microscope (SEM)

Figure 1 show the SEM images of sample synthesised by conventional hydrothermal synthesis
and reflux synthesis methods at 100 °C for 2 days in current project. The presence of spherical
particles is observed in the SEM images of the samples. The spherical particles are believed to be
MCM-48 particles, as the similar spherical MCM-48 particles [12]. Therefore, MCM-48 particles were
successfully synthesised by reflux synthesis method as well as conventional hydrothermal synthesis
in current project.

Fig. 1. SEM images of samples (a) H2,100 and (b) R2,100
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B. X-Ray Powder Diffraction (XRD)

Tables 2 shows the matching of XRD's 28 values between the samples synthesised in current
project and the MCM-48 samples synthesised from previous researchers [13,14]. It is observed from
Tables 2 that only the samples H2,90, H2,100, and R2,100 partially or completely matched the
reported XRD's 26 values of MCM-48. The XRD result shows the partial or complete formation MCM-
48 for the samples H2,90, H2,100, and R2,100. The XRD patterns illustrated Bragg peaks in the 20
between 1° and 50° range which reflected the various Miller Indices and its interplanar spacing was
indicated by MCM-48 arrangement of plane in cubic /a3d structure. The XRD patterns of calcined
mesoporous silica particles, especially of the samples H2,100 and R2,100, were comprised of the
significant MCM-48's peak between 2.25° and 2.53° range (211).

Table 2
Matching Calcined Sample with Past Researches Data based on MCM-48’s Miller Indices and Approximated
Degrees 20.

MCM-48 MILLER INDICES [h,,k]

DATA SAMPLES (APPROXIMATED DEGREES 26)
Past
gz:i::js 1] 211] [220] [321] [400] [420] [332] [422] [431]
Other (~2.70°)  (~3.00°) (~3.35°) (~3.60°) (~4.05°) (~4.20°) (~4.40°) (~4.60°)
Researcher
Matching Miller Indices based on approximated degree 20
R2,60 X X X X X X X X
R2,70 X X X X X X X X
R2,80 X X X X X X X X
Data of R2,90 X X X X X X X X
Cj:ec;t R2,100 v v v v v v v X
. H2,60 X X X X X X X X
Project
H2,70 X X X X X X X X
H2,80 X X X X X X X X
H2,90 v v X X X X X X
H2,100 v v v v v v v v
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Fig. 2. XRD pattern for samples (a)
R2,100 and (b) H2,100
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Figure 2 shows XRD pattern for samples (a) R2,100 and (b) H2,100. It is an interesting finding that
MCM-48 samples were obtained for H2,100 and R2,100 samples due to the matching of XRD's 20
values as shown in Table 2 [15]. The R2,100 sample also displayed comparable XRD peak intensity
with H2,100 samples as shown in Figure 2. Hence, it was proved that reflux synthesis method at 100
°C for 2 days was able to produce high quality MCM-48 particles [14].

C. Fourier Transform Infrared Spectroscope (FTIR)

Table 3 shows the list of type of bonding represented by the FTIR spectrum. The FTIR spectrum
for all the samples produced in current project matched with the spectrum of MCM-48 reported in
the literature [16-19]. The symmetric and asymmetric of CH2 stretching vibration, which is attributed
to CTAB’s FTIR bands characteristic, in the range of 2850 — 2950 cm™[20], was not found in the
samples’ FTIR spectrum. This is because the CTAB was removed from the samples by calcination
process prior to the FTIR analysis of the calcined samples. Figure 3 show the FTIR spectrum of calcined
samples synthesised by conventional hydrothermal synthesis and reflux synthesis methods,
respectively at different synthesis temperature for 2 days. It is observed that all the samples
displayed similar FTIR spectrums.

Table 3
Type of Bonding Represented by the FTIR Spectrum
Characteristic Band

of FTIR Spectrum Type of Bonding Reference
(Wavelength [A], cm™?)
451 — 480 Si-O [Bending]
795 -810 Si-O-Si
[Asymmetric Stretching]
959 -980 Si-OH
[Symmetric Stretching] [16-19]
1061 -1104 Si-O-Si
[Symmetric Stretching]
1630 - 1647 H20
3444 -3471 Si-OH
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Fig. 3. FTIR spectrum of calcined samples which were synthesised by using (a) reflux synthesis method
and (b) conventional hydrothermal synthesis method at various synthesis temperature for 2 days

D. Thermogravimetric Analysis (TGA)
Table 4 shows the weight percentage loss of samples produced by both methods in the current

project. The weight loss of the samples was due to (1) desorption of physically adsorbed water at 30-
120 °C and (2) condensation of silanol groups (Si-OH) region to form siloxane at 120-768 °C. The TGA
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weight loss curves for the samples produced in the current studies are comparable with the previous
work [21].

Table 4
Weight Percentage Loss of Samples for both Methods at Different Synthesis Temperature
Weight Percentage Loss, wt%

Desorption of Physically Condensation of Surface Silanol .
Samples Absorbed Water Group (Si-OH) TotaII_Welght
At 30°C - 120°C At 120°C - 768°C 058

R2,60

R2,70

R2,80 2.66 -16.88 2.29-5.49 4.95-20.84
R2,90

H2,60

H2,70

H2,80 5.21-12.31 2.11-6.17 7.32-16.48
H2,90

H2,100

E. Brunauer-Emmett-Teller (BET) analysis

Table 5 shows the comparison of pore characteristic of calcined samples produced in current
project with MCM-48 of commercial specification and of past researches data. The pore diameter of
R2,100 and H2,100 is 2.41 nm and 2.43 nm, respectively, indicating comparable pore diameters of
two samples which were produced by reflux synthesis method and conventional hydrothermal
synthesis method. Furthermore, synthesis temperature of MCM-48 materials’ does not have
significant effect on MCM-48’s pore diameter, but it does affect significantly the thickness of silica
wall because the reaction rates of hydrolysis and condensation of silicate source are highly
temperature dependent [22]. In current project, the calcined samples R2,100 and H2,100 displayed
comparable pore characteristic with the commercial MCM-48 and MCM-48 reported in past
researches data as shown in Table 5.

Table 5
The Comparison of Pore Characteristic of Calcined Samples Produced in Current Project
with MCM-48 of Commercial Specification and of Past Researches Data

PORE CHARACTERISTICS

DATA SAMPLES Specific Surface Area, asser (m?/g) Pore Diameter, dp (nm)
Commercial . 1214 3.70
MCM-48
[15] 1171 2.69
[23] - 2.43
[21] 1290 2.58
:zimrches [25] 1389 2.90
Data (MCM- [26] 1332 2.70
48) [27] 1202 -
[28] 1166 3.60
[29] 921 2.60
[30] 1291 -
Current R2,100 1230 2.41
Project H2,100 1316 2.43
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4, Conclusion

In current project, the synthesis of MCM-48 samples via conventional hydrothermal synthesis
and reflux synthesis method was investigated by changing the synthesis temperature (60 — 100 °C)
for 2 days. The synthesized samples were characterised for its properties using different analytical
techniques including FTIR, BET, SEM, TGA and XRD. The SEM and XRD analysis shows that spherical
particles of MCM-48 samples were successfully synthesised by conventional hydrothermal synthesis
as well as reflux synthesis methods. MCM-48 sample with pore diameter of 2.43 nm and 2.41 nm was
obtained, via conventional hydrothermal synthesis for 2 days at 100 °C and reflux synthesis for 2 days
at 100 °C respectively, which is comparable to the pore diameter of commercial MCM-48 samples. It
can be concluded that hydrothermal synthesis and reflux synthesis methods for 2 days at 100 °C in
current project, were able to produce MCM-48 samples with properties comparable to the MCM-48
reported by other researchers, as results of analysis from different characterisation methods.
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