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ABSTRACT

Santa Barbara Amorphous-15 (SBA-15) was synthesized by the microwave process with triblock
polymer pluronic P123 (EO,,PO70EOy) as the structure-direction agent and tetraethyl orthosilicate
(TEOS) as the source of silica. Different approaches were used to characterize the SBA-15 such as
Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD), FESM-EDX, high
resolution transmission electron microscopy (HRTEM), thermal gravimetric analysis (TGA) and
nitrogen adsorption—desorption (BET) surface area analysis. In this work, we prepared SBA-15 at
100 °C for 20 min. As demonstrated by nitrogen adsorption-desorption, SBA-15 is a mesoporous
material with a surface area, pore volume, and pore size (width) of 392.96 m%g, 1.4493 nm and
9.285 cm/g, respectively. The optimum conditions for Photodecolorization of Eosin yellow dye by
(onto) the SBA-15 surface are, a temperature of 25 °C, an adsorbent dosage of 0.05 g, a dye
concentration of 5 mg/L, and a contact period of 30 minutes. It was concluded that pseudo-First
order kinetic models were the best appropriate for describing experimental data. Furthermore, the
thermodynamic function (AH#, AS#, and AG#) for the active case in the photoreaction was
calculated. Revealed that photoreaction proceeded exothermically but was non-spontaneous, as

evidenced by a positive Gibbs Free Energy change and a negative enthalpy change.
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Introduction

anta Barbara Amorphous-15 (SBA-15), a mesoporous material derived from silica, with

cylindrical, hexagon-shaped pores[1]. The SBA-15 mesoporous silica sieve features a

limited pore size dispersion and adjustable pore sizes between 5 and 15 nm[2]. SBA-15's
huge surface area (about 300-900 m?g '), great mechanical and thermal stability, inertness, and
environmental friendliness are some of its noteworthy features. One substance that can be used in a
number of applications is SBA-15[3]. SBA-15 is usually produced using a cooperative self-
assembly process in an acidic environment using the triblock copolymer pluronic 123
(EO20PO70EO,) as a template, with tetraethoxysilane (TEOS) acting as the source of silica[4].
SBA-15 is an essential mesoporous material with a highly organized hexagonal structure and big,
regulated pores[5]. SBA-15's enormous pore size and volume allow it to be used as an adsorbent[6].
The triblock polymer pluronic P123 (EO2PO7EQOy), HCI, tetraethyl orthosilicate (TEOS), and
H,0 are the raw ingredients used to manufacture the SBA-15 using the microwave process[7]. To
reduce energy consumption, SBA-15 synthesis uses microwave technology as an alternative heat
source. Rapid nucleation during crystallization can be facilitated by surfactants and silicon species
interacting more effectively thanks to microwave synthesis's quick heating, homogeneity, and
superior penetration[8]. Consequently, this method could produce uniformly small particles,
significantly reduce energy consumption, and quicken the crystallization process[9]. Microwave
techniques have been employed recently in earlier studies documenting the manufacturing of SBA-
15[10]. The objective of this study is to synthesize SBA-15 using TEOS as a source of silica via
the microwave technique in large surface area and then applied in the Photo-decolorization of Eosin
yellow dye. The optimal parameters for photoreaction process such as initial pH of dye solution,
SBA-15 dose, and temperature, were estimated. Thermodynamic parameters for the photo-
decolorization process could be established.

EXPERIMENTAL

Chemical materials

Pluronic P-123 (Aldrich) was used as a template, and tetraethyl orthosilicate (TEOS: 98%, Fluka) as
a source of silica. Absolute ethanol (Fluka, > 99%), acetone (Romal, > 99.7%), hydrochloric acid
(Fluka, > 98%) and Eosin yellow dye (C,OH¢BrsNa,Os, BDH). All chemicals were used without
further purification.
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Synthesis of SBA-15

The SBA-15 molecular sieve was made using the microwave method. The triblock polymer
pluronic P123 (EO,0PO70EO,) was the structure-direction agent, while the silica was derived from
tetraethyl orthosilicate (TEOS). Six grams of P123 triblock copolymer were dissolved in 140
milliliters of 2 M HCI and forty-five milliliters of deionized water to start the usual synthesis
process. The solution was heated to 35°C and rapidly stirred for 20 hours before 12.75 g of TEOS
was added. After 20 minutes of microwave heating at 100 °C, it was aged for 24 hours, filtered,
cleaned with distilled water, and allowed to dry for 12 hours at 25 °C. After a six-hour calcination
at 550 degrees Celsius, the surfactant was removed, yielding a white powder called SBA-15. Using

the microwave approach, the processes to produce SBA-15 are shown in Fig. 1.
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Fig.1 Schematic diagram of SBA-15 synthesis via microwave technique.

Sample Characterization

Using specimens ground into KBr and pressed into discs, FT-IR spectra were captured on a
Shimadzu 8400 spectrophotometer in the 4000—400 cm ™ range. A Shimadzu X-ray diffractometer
was used to record the X-ray diffraction (XRD) patterns, whilst a BET BELSORP MINI Il
apparatus was used to perform the nitrogen adsorption/desorption analysis. Thermogravimetric
analysis (TGA/DTA) was performed on an SDT Q600 V20.9 Build 20 and high-resolution

transmission electron microscopy (HRTEM) to 20 nm.
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RESULTS AND DISUSSION

FTIR Spectroscopy Analysis

The FT-IR spectrum of SBA-15 is presented in Fig. 2. The hydroxyl bond stretching vibration of
silanol (Si-OH) groups and the remaining absorbed water molecules are responsible for the broad
band seen at 3410 cm™'. At 1643 cm™', the bending vibration of the water's O-H is visible[4]. Si—O—
Si asymmetric bending vibrations are responsible for the larger band at 1087 cm™, while the
symmetric stretching mode of the same bond is visible at 802 cm™[11]. Additionally, the Si-OH
bending mode may be associated with the band at roughly 960 cm™, but the Si-O bond rocking
vibration is seen at 470 cm™'. Furthermore, the purely surface modification materials have a peak at
428 cm™ which is associated with the Si—-O-Si matrix composite. Moreover, the Si—-O—Si matrix
composite is linked to a peak at 428 cm™ in the materials that have just undergone surface

alteration.
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Fig. 2 The FT-IR spectrum of SBA-15.
X-ray Diffraction Pattern
The prepared sample's crystalline nature was examined using XRD analysis, as shown in Fig. 3.
The low angle XRD patterns of SBA-15 are displayed in Fig. 3(a). These patterns include three
unusual peaks that are linked to the (100), (110), and (200) planes at 26 angles of 1.96°, 3.45°, and
4.30°. These peaks are thought to be unique to the SBA-15 material.[12] . The high-angle XRD
patterns of SBA-15 are displayed in Figure 3(b), which includes a broad typical peak at a 26 angle
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of 10°-20° [13], as well as two peaks to (110) and (200) at 22.65° and 44.02°, and one peak
connected to the high intensity (100) plane at 11.8°. A highly organized hexagonal mesoporous
silica framework [14], [15], and a two-dimensional (2D) hexagonal mesostructure are correlated

with the aforementioned.
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Fig.3 (a) The low angle XRD spectrum of SBA-15 and (b) The high angle XRD spectrum of SBA-
15.

N»- Adsorption-Desorption Analysis

Figure 4 shows the nitrogen adsorption/desorption isotherm curves that were acquired for SBA-15
nanoparticles. The usual type-1V curves found in mesoporous materials were displayed by the SBA-
15[13]. A narrow pore size distribution is indicated by hysteresis loops with strong adsorption and
desorption branches, which resemble type IV isotherms and type H1 hysteresis loops. BET
(Brunauer—-Emmett—Teller) and BJH (Barrett—Joyner—Halenda) calculations show that the pore size
(width), pore volume, and surface area are, respectively, 9.285 nm, 1.4493 cm®/g, and 392.96 m?/g.
The mesoporous area is where the pore size distribution of SBA-15 (5-20 nm) is found[16][17].
The SBA-15's notable surface area reductions are a result of employing the microwave technique to
shorten exposure times . Temperature tuning can be used to regulate the surface characteristics of

SBA-15 during the microwave-assisted synthesis [18].
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Fig. 4 The N, adsorption-desorption isotherm and pore size distribution of SBA-15.

Thermal Analysis - Thermogravimetric Analysis (TGA/DTG)
Figure 5 plots the weight loss of the SBA-15 using TGA analysis [6]. A two-stage mass
manufacturing at roughly 25-1000 °C was shown by the TGA result, that is agreement with results

in reference[17].
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Fig. 5 The TGA/DTA spectrum of SBA-15.
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The first step was to remove any water that had been adsorbed onto the silica surface by physical or
chemical methods. The Si—OH group in the silica structure was broken down to produce the Si—O-
Si siloxane group in the second stage[19]. The thermal gravimetric curve for pure SBA-15 showed
that at 978 °C. The calcined SBA-15 demonstrates both the surfactant's complete removal the

impurities during synthesis through the calcination route and the heat stability of SBA-15[7].

TEM analysis

TEM images (Figure 6) of calcined SBA-15 display regular hexagonal collections of mesopores
(1D channels) [20]. In addition to confirming that SBA-15 possesses a two-dimensional hexagonal
structure .The wall width was expected to be around 9.7 nm using the TEM images [5]. The
distance between mesopores is judged to be in agreement with that found from the XRD data based

on the high-dark contrast in the TEM picture of this sample (Fig. 6b) .
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Fig. 6 TEM imagery of (a) SBA-15 on a scale of 5 nm, (b) SBA-15 on a scale of 10 nm, (c) SBA-15on a
scale of 20 nm, and (d) SBA-15 on a scale of 50 nm.

Photodecolorization of Eosin Yellow Dye using SBA-15 as a Surface.
Using a homemade photoreactor, numerous tests were conducted to determine the ideal conditions

for photo reactions. The reactor's body is prepared from a wooden box to avoid dangerous light,
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which contains an inside 125-watt mercury lamp (UV-A), Pyrex glass beaker (500 mL), magnetic
stirrer, Teflon bar, and fun. The light basis of this reactor was parallel set overhead the solution in a
beaker flask. The following formulas were used to conclude the photodecolorization efficiency
(Edecoi%) and the apparent rate constant (kapp.) from the photoreaction:[10][21].

n 2] = Kapp -t )

Co _Ct

Whaecor= |21 x 100 @

o

whereas: C, and C; are an initial concentration of dye in dark reaction and a concentration of the

same dye at t time of irradiation.

Kinetic of photoreaction

The solution was prepared by adding a suitable weight (0.059) of studied photocatalysts to 5 ppm of
Eosin yellow dye solution. The resulting suspension solution was stirred for 30 minutes to establish
an equilibrium state. The UV light was applied on the suspension after the initial step (adsorption).
About 3 mL of solution were collected at series intervals time (10- 80 min). The produced filters
were twice times separated by a centrifuge, and the absorption of the produced filters was measured
at Amax = 510 nm. Using UV-visible spectroscopy[22]. The rate of reaction follows pseudo first-
order kinetics, as per the Langmuir-Hinshelwood (L-H) model [23] as shown in Fig.7.
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Fig.7: First-order for photo-decolorization of Eosin yellow dye on the surface of SBA-15.
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Effect of SBA-15 dose on photodecolorization of Eosin Y. dye.

The effect of SBA-15 doses in the various weights (0.05, 0.10, 0.20, and 0.30 g) is depicted in
Fig.8. It was discovered that using 0.05 g of SBA-15 decolorization efficiency reduced from
90.71% to 85% as SBA-15 dosage increased to 0.3 g. According to these findings, lowering the
dosage of SBA-15 also reduces the quantity of active sites on the photocatalyst surface, which are

necessary for the adsorption process[24].
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Fig.8: %E4e.o Of Eosin yellow dye as a function of SBA-15 dose.

Effect of Initial pH of Eosin yellow dye Solution.

Figure 9 shows that when the pH rises from 3 to 9, the proportion of decolorization increases. Two
factors could be responsible for these outcomes: the dye's characteristics and the photocatalyst
surface's characteristics[3]. Maximum decolorization efficiency is greater than 92.10% at pH 9.

Decolorization efficiency in the acidic medium was low.
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Fig.9: %E e Of Eosin yellow dye by SBA-15 at different initial pH.
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Influencing the temperature on photo-decolorization of dye

In UV radiation and various temperature (10, 15, 20 and 25 °C), the photo-decolorization
percentage of dye (5mg/L) by 0.05 g SBA-15 surfaces at pH=9 was demonstrated in Fig.10, the
maximum decolorization proportion was 90.71% at temperature 25°C after 30 min illumination[25].
The Arrhenius equation, the Eyring-Polanyi equation, and the Gibbs equation were used to measure
the activation energy (Ea)[26] and thermodynamic function for the active case in photo process
(AH#, AS#, and AG#) from the effect temperature range (10-25) °C.[8]. These consequences are
shown in Fig.11(a,b) and table 1.
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Fig.10: %E. of Eosin yellow dye at different temperature.
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Fig.11(a): Arrhenius eq. design for photo-decolorization of Eosin Y dye at changed temperature.
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Fig.11(b): Eyring eq. plot for photodecolorization of Eosin Y. dye at changed temperature.

Table 1: Thermodynamic functions and activation energy  values of the parameters for the
photodecolorization of eosin yellow dye.
Ea kJ mol™ AH® kJ mol™ AS° J mol* K* AG® kJ mol™

39.927 -1.524 -0.132 5.832

The decolorization of Eosin yellow dye was hastened by the increase in temperature caused by UV
light, as shown in Fig.11(a,b) and Table 1. The negative AH", negative AS" and positive AG”
indicated to the photoreaction of Eosin yellow dye decolorization are exothermic, the less random
state and nonspontaneous reaction[10]. These results were considered as a good agreement with the

previous published in reference [27].

Conclusions

The microwave approach was effectively used to manufacture SBA-15 mesoporous material at
100°C for 20 minutes. Tetraethyl orthosilicate (TEOS) served as the source of silica, and the
structure-direction agent was the triblock polymer pluronic P123 (EO20PO70EQy). The successful
fabrication of a pure mesoporous material (SBA-15) was shown using characterisation methods.
including XRD, TEM, BET surface, FTIR, and TGA. SBA-15 was found to have a surface area of
392.96 m?.g %, a pore volume of 1.4493cm*.g*, and a pore size of 9.285 cm®/g, as determined via
the BET analysis method. thermodynamic function for active case in photo reaction (AH”, AS* and
AG") were measured. Eosin yellow dye has reached the ideal concentrations for decolorization in

photo-decolorization at 5 ppm, and the maximum decolorization efficiency for Eosin yellow dye is
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90.71. The photo-decolorization of dispersive Eosin yellow dye was demonstrated to be a pseudo
first order Kinetic reaction under these investigated conditions, as the increased influence of

temperature boosted the photoreaction with low values of activation energies.
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