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ABSTRACT
The purpose of this study was synthesizing mesoporous silica SBA-15 and investigated the effect of the initial
temperature of the preparation surfactant using the hydrothermal process to synthesize silica SBA-15. Pluronic
(P123) as surfactant template and TEOS as material precursor acted as a building block of the mesoporous silica
material. Therefore, the interaction surfactant template and precursor during the hydrothermal process guided to
silica SBA-15 properties. The results suggested that the physicochemical properties of these materials did
change significantly, but different condition temperature of surfactant and hydrothermal process affected the o
the specific surface area, pore volume, and pore size distribution. The largest specific surface area was 560 m” g”',
pore volume was 1.57 m® g and ordered pore size distribution around 11.24 nm after the initial temperature of the
surfactant at 15°C and hydrothermal process at 100°C for 48 h. This resulted properties of SBA-15 are potentially
applicable in various chemical and non-chemical based industries.
Keywords: Silica SBA-15, Mesoporous, Surfactant, Hydrothermal process, Precursor

© RASAYAN. All rights reserved

INTRODUCTION

Porous materials, as specified by IUPAC nomenclature are described affljsolid consist of pores and have
a porosity of 0.2 to 0.95 that fractionate of pores to the total volume'. SBA-15 is one of the mesoporous
material from silica source that having uniform pore size with periodic of widths 50 to 300 A and use
amphiphilic block copolymer as structure directing agent>. This material has excellent structure, such as a
large specific surface area, large pore volume, array ordered hexagonal mesostructure that makes it
widely used in the many practical application as catalyst support™*, an adsorbent*”, an immobilization
substrate for biomolecules™” and chemical sensor'”''. For the most industrial application of mesoporous
material, the large surface area is important for catalysis. The surface area of the solid interacts with its
surroundings can be it liquid, gas or solid in solution. As the surface area increases, the mechanical
strength and thermal stability may be decreased. The fine properties of SBA-15 include large surface area
and high mechanical strength. Both properties should be obtained by the synthesized material for further
application as an adsorbent and catalyst'*".

The main factors affecting mesoporous silica SBA-15 are some variable synthesis condition such as pH,
using of catalyst, hydrolysis and condensation process, the aging and drying condition', surfactant
template, co-solvent, micelle expander", and removal process of surfactant'®. The synthesis of SBA-15 is
simple, where the surfactant formed in solution then hydrolyzed and condensed to prepare sol-gel.
Mesoporous silica with the large ordered porous of silica SBA-15 (Sger 580 m’g’; V, 1.32 cm’g™) has
been studied by many researchers using triisopropyl benzene as a swelling agent with hexagonal structure
have been synthesized, the tuning of the initial temperature of surfactant template, and the hydrothermal
set-up time'*. Accordingly, in this research, the experimental variables such as the preparation surfactant
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template and hydrothermal process were utilized to investigate the change in mesostructure and
physisorption analysis of silica SBA-15.
For that reason, to develop novel techniques, this study was aimed to improve the properties of
mesoporous materials would be of great concent for current applications. In this work, we evaluate
another preparation process of surfactant template through a hydrothermal process that can arranggjthe
mesopore and explain clearly the physisorption analysis by the BET method and characterization by X-
ray diffraction (XRD), Fourier transforms infrared spectroscopy (FTIR), and differential scanning
calorimetry (DSC).

EXPERIMENTAL
Material and Methods
All the chemical reagents Pluronics (P123, Poly(ethylene glycol)-block-poly(propylene glycol)-block-
poly(ethylene glycol), average Mg}~ 5800), tetracthyl orthosilicate (TEOS, 98%) were used analytical
grade without purification and purchased from Sigma-Aldrich, hydrochloric acid (HCl, 37%) from
Merck, ammonium fluoride (NH,F), and heptane were obtained from J.T. Baker.

General Progzflure

Preparation of Mesoporous Silica SBA-15

Various methods have been developed and introduced to prepared mesoporous silica materials SBA-15
was synthesized using a method proportional to that reported previous"”, but TMOS was substituted with
TEOS and triisopropyl benzene was substituted with heptane. In a typical procedure, initial step 2.4 g of
Pluronic 123 as surfactant template and NH,F (0.027 g) were dissolved in 84 ml HCI 1.3 M. The mixture
was stirred at 30°C until clear. The solution was transferred to the water bath and set at a temperature T,
as the initial temperature of preparation surfactant template, (T, =10°C for samples C and D; T, =15°C for
Emples A and B) at any rate at 1 h. Then, the other solution of 3.7 ml of TEOS as a silica source and 1.2
mL of heptane was added. The mixture was stirred for 24 h at 30°C in an open container. After that, the
solution was transferred to a closed Teflon container for the hydrothermal process at temperature (T, =
100°C for samples A and B; T, = 120°C for samples C and D). Theame of hydrothermal treatment, t=48
h for samples A and C; t=96 h for samples B and D. After that, it was cooled to room temperature. The
gel white products were filtef%) and washed with deionized water repeatedly until pH 7 was obtained.
Finally, the results were dried at 60°C for 24 h and then calcined at 550°C for 5 h.

Variables of The Experiment

There are two variables dependent on this experiment. They are the initial temperature of the surfactant
template (T, = 10 and 15°C) and process condition of hydrothermal treatment (T, = 100 and 120°C for the
aging time = 48 and 96 h). The combining variables T, T,, and the aging time of samples were labeled as
SBA-15 A, B, C, and D. In Table-1 typical variable dependent of sample SBA-15

Table-1: A Typical Variable of the Experiment

SBA-15 Sample T, ("C) T, (°C) Aging Time (hour)
A 15 100 48
B 15 100 96
C 10 120 48
D 10 120 96

Characterization of Silica SBA-15
The physisorption analysis was measured using a Quantachffiina NovaWin instruments version 11.0 at
temperature -196°C. Before the experf@knts were measured, the samples were degassed under vacuum at
°C for 3 h. The total pore volume was determined from the amount adsorbed at relative pressure 0.98.
Pore size distribut(PSD) was calculated from adsorption data using the Barrett-Joyner-Halenda (BJH)
method. The total specific surface area (S§}) was calculated in the relative pressure range from 0.02 to
0.3 using the multi-point BET method.'""* X-ray diffraction (XRD) was used to identify the crystal phase
of silica SBA-15. The experiments were performed on a Bruker D2 Phaser Diffractometer System with
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CuKo radiation soEg 1.5406A run at 40 kV, 30 mA. XRD patterns were obtained with wide angles
from 10-70° of 26, with a step size of 0.02° and the time step of 1 s. Differential scanning calorimeter,
DSC-60Plus Shimadzu was measured thermoanalytical properties of SBA-15. DSC measurement
technique was determined from physical transformation and thermal histories such as the glass transition,
the crystallization point, and melting point of materials. The sample was put in Al crimp pan S201-52943
types and sits upon a constant disc on the frame in the DSC analysis cell. Temperature range from 20 to
250°C for 20 min. Prestige-21 Shimadzu Infrared spectroscopy was used to identify the various functional
eroup and different types of bonding SiO, materials in range 400-4000 cm” using KBr pellet.

ESULTS AND DISCUSSION
The pattern of mesoporous silica SBA-15 can be prepared to identify the propertijof mesoporous silica
SBA-15. The pore size can be tuned from 9 to 14 nm, pore volume from 1.4 to 1.8 cm3,-"g and surface area
from 45 560 m*/g. Also, different morphologies were obtained if the variation synthesized condition
@fpilica SBA-15. In order to explain the surface area and the physicochemical properties SBA-15, a series
experiment was conducted to understand the effect of the preparation surfactant template using
hydrothermal treatment.

Physical Adsorption Analysis of Silica SBA-15

Several important for the physical adsorption analysis of mesopomm&i]ica SBA-15 are long distance
with mesostructure, the distribution of pore size #mostly tight, large specific surface area and the size of
pore diameter can differ from 9 to 14 nm'’. Nitrggen adsorption-desorption isotherm is a physical
sorption analysis to determinfhe total specific surface area (Sger), pore volume, and pore size
distribution of a solid.”” The Brunauer-Emmett-Teller (BET) method is the physical sorption of the
amount adsorbed on a solid surface at the rdEflve pressure P/P, at a constant temperature. The BET
equation is a guidance for analys{§Echnique to determine the total specific surface area of materials™.
The pore size distribution (PSD) determined by using nitrogen adsorption data® and calculated by the
BJH method.”

This study investigates the effects of the preparation temperature of the surfactant template and
hydrothermal treatment to synth@ize SBA-15. For that reason, our experiment has combined some
variables to evaluate the specific surface area, pore size distribution, and pore volume of silica SBA-15
whether it is microporous, mesoporous or macroporous.

Table-2: Surface Analysis of SBA-15 Samples vm Some Variables

SBA-15 e SBET D v
sample Conditions [mz.g.u;. [l'l['l'll:']b (cc.;l)c
A (T, =15°C, T, =100°C) ; t=48 h 560 11.24 1.57
B (T, = 15°C, T, = 100°C) ; t=96 h 554 12.67 1.44
C (T, = 10°C, T, = 120°C) ; t=48 h 510 13.76 1.76
D (T, =10°C, T, = 120°C) ; t=96 h 548 8.97 1.49

“total BET surface area; h]:u.m‘-: diameter determined from BJH method; “total pore volume

A Case study approach was used to allow a physical adsorption ana]y:a to obtain the characteristic of the
mesoporous material. A quantitative analysis data of silica SBA-15, such as specific surface area, pore
volume, pore size distribution, and pore diameter were greatly affected by the various condition process.
The preparation of the surfactant template and hydrothermal process were both investigated to explain the
properties of silica SBA-15.

Table-2 compares the emrimenta] data for various condition process of synthesized silica SBA-15 on
physisorption analysis. It can be seen from Table-2, the total BET surface area of the silica SBA-15
gained from different temperature process and the time of the hydrothermal process. Sample A and B
were prepared with the same temperature process, but different from the time hydrothermal treatment.
The total BET surface area of Samples A as well as the pore volume was larger than Sample B. However,
Samples C and D synthesized for the same temperature process, but Sample D had longer the time of
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hydrothermal treatment. A positive correlation was found between the temperature process and the time
of hydrothermal treatment. Post hoc analysis revealed that during the preparation of| surfactant
template, the formation of the micelles from surfactant agent was based on the synthesis of mesoporous
materials.”*

Overall, these results indicate that the temperature of the preparation process is one type (T,=15°C,
T,=100°C) if the shorter of the time hydrothermal treatment is chosen. In order part, another impofZhnt
finding was that the temperature preparation process (T;=10°C, T,=120°C) were obtained the larger pore
volume and pore diameter but the lower of the surface area. As mentioned in the previous study, the
interaction between surfactant as a directing agent and silica source is the building block of mesoporous
materials properties.'***
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Fig.-1: N, Adsorption Isotherm of SBA-15 Samples and BJH Pore Size Distribution (Inner Figure)

From Fig.-1, that nitrogen physisorption isotherm analysis for all silica SBA-15 samples represented the
same adsorption isotherm trend which indicated that the samplesgf almost ideally mesoporous materials.
The characteristic shape of SBA-15 samples is near in theory type-IV with HI-type of hysteresis loop
according to IUPAC classification'””’, no significant change with the different variable condif§pn
synthesized of SBA-15. The nitrogen sorption isotherms for the samples exhibited step sharp in the p/p,
range from 0.7 to 0.9, showing the presence of large porous to the capillary condensation®®.

It can be seen that the same condition of the temperature aration process, the pore size distribution of
Sample A and Sample B is nearly the same (Fig.-1 and Table-2). However, the surface area and pore
diameter of Sample D is significantly reduced than Sample B (Fig.-1 and Table-2). As can be explained
that the time for hydrothermal treatment greatly affects the surface analysis. Both samples form
interaction with P123 and TEOS is slowly during 96 h which can affect the formation of a large surface
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area for an initial temperature of P123 at 10°C. The surface area of Sample A is the largest, but the lowest
for pore diameter. The suitable surface analysis is listed in Table-2.

The pore volume for all the SBA-15 samples is high. The results obtained from a preliminary analysis of
the amount of nitrogen adsorption in silica SBA-15 are presented in Figure 2. Sample C has the largest
pore volume (1.76 cm’/g), and pore volume for Sample B is less than 1.44 cm®/g. Fig.-1 (inner figure)
illustrates that the pore size distribution (PSD) is homogeneous, this in common with a Gaussian
distribution, so the measurement of the width of the dispersion is direct the standard deviation™?. It can
be compared to Fig.-1 for all the samples, the PSD of Sample A and Sample D (pore diameter 50-180A)
is lower than Sample B, and Sample C (pore diameter 50-300A). Anyway, the most significant difference
between the synthesis condition of the temperature of surfactant template for guiding the pore structure
and hydrothermal treatment for interacting P123 as surfactant and TEOS as a precursor, even though not
significant pore structure of Sample A, Sample B, and Sample C.
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Fig.-2: Cumulative Pore Volume for SBA-15 Samples

Furthermore, to gain insight into the effect of aging time for hydrothermal treatment, Fig.-2, described
that Sample A and Sample B was prepared in the same initial temperature (15°C) and the same
temperature of hydrothermal treatment (100°C) but different of time aging. The PSD Sample B is slightly
wider than Sample A, that the longer aging time of Sample B (96 hours) tunes ordered pore structure and
more uniform pore size. This result suggests that the pore diameter can be ordered to a certain extent by
increasing the duration of hydrothermal treatment."™
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Physicochemical Properties of Silica SBA-15

In this regard, it is of great signiﬁcme that the application of the most popular method to analysis the
pore structure and physicochemical properties of silica SBA-15. The procedural step of the mesostructure
of silica SBA-15 is established. The crystalline stru@fe was determined using XRD, various functional
groups by FTIR and @ mal analysis by DSC. The wide angle X-ray diffraction (XRD) pattern of silica
SBA-15 samples was used to identify the crystal phase of the samples.j"'3l
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Fig.-3: XRD Pattern of Silica SBA-15 Samples

The pattern is shown in Fig.-3, there is one peak at 26 of 23°, as reflection associated w Omim space
group and hexagonal symmetry mesostructure. The pattern XRD in Fig.-3 shows that the wide-angle
XRD (WAXRD) of SBA-15 samples are a typical diffraction amorphous phase of silica SBA-15>%.
From Fig.-3, it can be shown that interplanar spacing is nearly unchanged, although the preparation
process is varied. Data from the XRD pattern can be compared with the data in Fig.-4 and Fig.-5, which
ws conducive to expand silica materials.

Infrared gg@ctroscopy identifies chemical bonds in a molecule by producing an infrared absorption
spectrum for detecting functional groups and characterizing covalent bonding information. The FTIR
spectra illustrate some of the main vibrational band of the silica material. According to the spectrum,
Pve number between 500 cm™ to 4000 cm™ represent the functional group of Si, O, and H.***

1gure-4 shows the pattern of the SBA-15 samples gain almost the same and only different at the
spectrum pattern. At peak 966-968 cm’, the wave number suitable to connect Si-O-Si stretching.
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Broadband connects to represent the —OH groups (Si-OH) at peak 3445-3449 cm’. Whereas, the peak
observed at 1640-1645 cm” to indicate the presence of -OH groups (H-O-H). Asymmetric Si-O-Si
stretching happens at 1090-1103 e¢m™. This result is in accord with Hesty’s (2018) findings which
observed removing surfactant template by calcination process*™. At peak 801 cm™, the wave number to
connect symmetric Si-O-Si stretching. In fact, the analysis absorption peaks of SBA-15 samples, there is
no change in spectrum bond analysis for all the samples.
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Fig.-4: FTIR Spectra of Silica SBA-15 Samples

Nowadays, the measurement of DSC analysis is the new analytical method for characterizing [f8re
structure of SBA-15. Currently, study to determine their textural and structural qLﬂy properties”. DSC
is a thermal analysis method which investigated transitions phase of materials, such as glass transition
temperatures, melting point, boiling points, and heat flow within materials as a function of temperature
also time. To obtain qualitative and quantitative data from the thermal analysis measurements are used
about the physical and chemical changes of the thermal stability information from DSC measurement.
The DSC curve in Fig.-5 show two peaks, they are crystalline temperature and thermal glass transition
temperature. Thermograms of samples were presented from thermal glass transition temperature at 69 to
74°C and one sharp fusion endothermic of the crystalline point at 158°C. However, no melting peak of
samples was shown in the DSC curve. The absence of melting point phase transition of samples in the
DSC analysis is a signal that the samples have thermal stability at 250°C for 20 minutes.***’

Presents an overview of the thermal analysis of silica SBA-15 samples. The experiment data from DSC
measurement be compared with the data in XRD pattern and FTIR spectra, in which that Sample D
has the higher glass transition temperature and the lower offghe requirement of heat to changes the phase
from solid to rubber (Tg). The significant increased of Tg may be attributed to the strong interaction of
molecules silica precursor during hydrothermal treatment. Spectra IR is very strong at 1103 cm™ with the
presence of Si-O-Si.

1123
SYNTHESIS OF MESOPOROUS SILICA SBA-15 R. Thahir et al.




RASAYAN J. Chem.
Vol.12 | No. 3 |1117 - 1126] July - September | 2019

Sample A La “1  Sample B

g g |
2 E R Te= 150°C L2 %
B g i Heat = 26.31 Jig g

E Te=158°C £ | s
[ Heal=3152.4g il

Tg=71C = Ty =65°C

Heat = -1.65.Jig Heat = -3.89 Jig

glass lransition, Tg 4 glass transition, Tg

T T T T T T T T T T T T T &
e “9e L) Lo 1600 1200 o 0 nm Led L 1000 R 100
Tine [5) Tima [5]
- wo|  SampleD | P
Sample C e Ly | /’
/,f’/ t | | P
g o re | | //
g - | § &™ A
g (A I A Te=158°c s
i <[] Te= 1881 g | Heat= 2888 Jig £
3 " | Heat = 30.98 4g 2 H - 5
F /./ s £ . | 2
- L . P |
e Lz | - \
| - P — -
- Tg=73C [ I\ S Tg=Tae
s a= | |\ Heat =-1.73 Jig
Heat = -1.88 Jig : /;./ -
glass transition, Tg [ glass fransition, Tg
i P2 o A 01 1000 o H ET) o o ) 300 P

Tma [s] Tima [¢]

Fig.-5: The Thermal Profile of Silica SBA-15 Samples Using DSC Analysis

CONCLUSION

This study shows that physical adsorption analysis and the physicochemical properties SBA-15 were
conducted to understan@) the effect of the temperature preparation of surfactant template and
hydrothermal treatment. It is possible to synthesize me@orous silica SBA-15 with pore size can be
arrayed from 9 to 14 nm, pore volume from 1.4 to 1.8 cc.g’' and surface area from 450 to 560 m’.g”". The
physicochemi properties have near unchanged for the variation synthesized condition of silica SBA-
15. The large specific surface area, pore diameter, pore volume, mesostructure, and thermal stability can
be supported for application in catalysis and storage.
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