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ABSTRACT
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In this study, Al,O;3-SiO, and Al,05-Si0,-MgO nanocomposites were synthesized by sol-gel method. The nanocomposites were
characterized by FT-IR, STA, XRD, FE-SEM, EDAX, TEM, BET and zeta potential analysis. The result of zeta potential showed that
the surface of Al,03-Si0,-MgO nanocomposite had the positive charge, while that of Al,O3;-SiO, had the negative charge. The
nanocomposites were applied as an adsorbent for removing of methyl orange model dye and the effect of adsorbent dosage and dye

concentration were studied.
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1. INTRODUCTION

The color effluents coming from different industries into
water environment have a great influence on photosynthetic
activity in aquatic biota. Since these dyes are stable, recalcitrant,
colorant and toxic, their release into the environment poses serious
environmental, aesthetical and health threats. Thus, removal of
organic effluents is very important for protection of our
environment [1]. Coagulation and flocculation, oxidation or
ozonation, membrane separation, and adsorption are the
conventional methods that are used in dyes removal from
wastewater [3—9]. Adsorption processes have been reported to be
the low-cost promising alternatives for the treatment of dyes that
present in wastewater. The use of activated carbons, modified
clays, polymeric resins, waste materials, and zeolites as the dyes
adsorbents have also been described [10]. Activated carbon is the
most prevailing adsorbent for this process because of its high
surface area, high adsorption capacity, and high degree of surface
reactivity; however, it is expensive and must be regenerated on a
regular basis. Inorganic supports present several advantages with
respect to activated carbon, including better mechanical stability
and a higher concentration of chelating groups on the surface, and
they are often much cheaper than their organic counterparts.

Al,03-S10, mixed oxides, or composites of them, are
ceramic materials that are widely used as catalysts and an
inorganic supports [10-17]. Clay minerals [10], zeolites [11, 15],
mullite [13], and SiO,—AlL,O; catalysts are examples of materials
where the existence of Al-O-Si bond structures or SiO,—Al,O3
interfaces controls their final performance for the desired
application. The reason for choosing these particular mixed oxides

was the properties such as low thermal expansion and

2. EXPERIMENTAL SECTION
2.1. Materials and the synthesis of nanocomposites.

All the reagents were purchased from Merck and Aldrich
and used without further purification. Al,0;-Si0,-MgO

conductivity, low dielectric constant, excellent creep resistance,
robust chemical and thermal stability, good high temperature
strength and oxidation resistance [16].

Metal oxides have potential applications in water treatment
due to their high surface area added to low production and
regeneration costs. Among large family of metal oxides,
magnesium oxide (MgO) is an interesting multifunctional and an
exceptionally important material used in catalysis [18], toxic-
waste remediation or as an additive in refractory, paint and
superconducting products as well as for fundamental and
application studies [19]. Also it has been used as bactericides and
adsorbents. MgO in particular has shown great promise as a
destructive adsorbent for toxic chemical agents [20]. MgO is
mainly obtained by the thermal decomposition of magnesium
hydroxide or carbonate, sol-gel process, spray pyrolysis,
sonochemical synthesis and hydrothermal reaction [19, 21-23].
The MgO morphology and particle size were found to depend on
the preparation conditions such as pH, gelling agent, calcination
rate and temperature.

In this paper, Al,05-Si0,-MgO nanocomposites with
different amounts of MgO (20, 40 and 60%) were synthesized by
sol-gel method and characterized by FT-IR spectroscopy, STA,
XRD, FE-SEM, EDS, TEM and zeta potential. These
nanocomposites were used as the adsorbent for removing methyl
orange from the aqueous solution. Methyl orange (MO) is a
typical water-soluble anionic dye which has harmful effects on
living organisms in a short period of exposure [24].

nanocomposites with 20, 40 and 60 wt% of MgO were synthesized
using sol-gel approach. First, tetraethylorthosilicate (TEOS) was
diluted in ethanol and water. Then, the necessary amount of HCI1
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(37%) was added to the mixture and refluxed in 75 °C for 2h
(TEOS: C,HsOH: H,O: HCI molar ratio was 1: 22: 13: 7.9X10'4).
Afterwards, the dissolved magnesium nitrate (Mg(NOs),.6H,0)
and aluminum nitrate (AI(NO;);.9H,0) in ethanol was added to
the mixture and refluxed at 75 °C for another 2h. The resulting
mixture was aged at room temperature for 24h and dried in oven at
120 °C for 24h. Then, they were calcined to 500 °C at the heating
rate of 8 °C/min and once 500 °C was reached, they were kept at
this temperature for 12h.The nominal content of MgO was 0, 20,
40 and 60 wt %, and the corresponding nanocomposites were
denoted as AISiMO, AISiM20, AISiM40 and AISiM60,
respectively.

2.2. Characterization.

Fourier transform infrared (FT-IR) spectroscopy was
performed using a Jasco FT/IR-3600 FT-IR spectrometer. The
phase and crystallinity were characterized using a Philips x'pert X-
ray diffractometer with Cu- Ko radiation in the 20 range of 10—
80°. Zeta potential analysis of 60 wt% nanocomposite dispersed in
water was achieved using a Malvern Zetasizer Nano instrument at
25°C. FE-SEM and EDAX were taken by a SIGMA VP Field

3. RESULTS SECTION
3.1. FTIR analysis.

Figure 1 presents the FTIR spectra of AISIM60 sample
before (a) and after (b) calcinating at 500 °C.
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Figure 1. FTIR spectra of AISiM60 sample before (a) and after (b)
calcinating at 500 °C.

In Figure la, the adsorption peaks at 3410 cm ' and 1654
ecm’ are attributed to the stretching vibration and bending
vibration of O-H group for water, respectively. The absorption at
2416 ¢cm’' could be because of the existence of CO; molecular in
air. The presence of nitrate ion in the sample is confirmed using a
very strong band at 1380 cm’ and a sharp peak at 824 cm™, which
are due to the asymmetric NO; stretching vibration [25]. The
absorption peak of Al-O stretching vibration in the range of 1000—
1200 cm™ could not be resolved due to its overlap with the

Emission Scanning Electron Microscopy. The weight change of
the composite samples was measured using the TGA/DTA
simultaneous thermal analyzer apparatus of METTLER
TGA/SDTA 851E under a flow of dry air. Specific surface area
was carried out using micro metrics adsorption equipment
(BELSORP instrument, Japan).

2.3. Adsorption experiments.

The dye removal experiment was conducted at room
temperature as batches. Typically, a stock solution (1 g/L) of MO
dye was prepared in deionized water, then experimental solutions
with different initial concentrations (10-40 mg/L) were obtained
by successive dilutions. The required amount of AISiM
nanocomposite was added into the 10 ml dye solution and stirred
for the predefined time. After that the suspension was centrifuged
and supernatant was analyzed by UV—Vis spectra to calculate the
residual dye concentration. The removal of dye percentage (R)
was calculated using equation:

R= {(Cy— Cy)/Cp} x 100
where C, is initial concentration and C; is the dye concentration at
time t.

absorption peak of Si—O-Si stretching vibration in the range of
1000-1130 cm™. Also, the peaks between 420 and 618 cm’
correspond to the Al-O and Mg-O bond vibrations [26-30]. The
individual peaks corresponding to Mg-O bond and Al-O bond are
obtained only when the sample is calcined at 500 °C. In Figure 1b,
the absorption peaks of 427 cm™ and 517 cm™ are attributed to
Mg-O vibration, whereas the peaks obtained at 619 cm™ and 712
em™ indicate Al-O bond vibrations. There is also a band in 898
em! and 1023 cm’ due to the AI-O-Al and Si-O-Si bond
stretching vibrations. The stretching vibration and bending
vibration of O-H group for water appears at 3444 cm™ and 1634
cm’', respectively.
3.2. X-ray diffraction analysis.

The room temperature X-ray diffraction (XRD) patterns of
AISiMO, AlISiM20, AlSiM40 and AlSiM60, and also the calcined
AISiIM60 at 580 °C, are presented in Figure 2 a-e, respectively.

Intensity (a.u.)
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Figure 2. XRD patterns of AISiMO (a), AISiM20 (b), AISiM40 (c),
AISiM60 (d) and calcinated AISiM60 at 580 °C (e).
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The solid AISiMO displays the characteristic spectral
profile of an amorphous structure at the 20 = 23 for Al,03-SiO,.
Comparison with the spectrum of AISiMO, no peak was observed
for AISiM20 and AISiM40, as shown in Figure 2a-c. With
increasing the MgO content to 60 wt%, two peaks appeared at 20
=43.22° and 62.98°, which can be indexed to the structure of MgO
(JCPDS card No: 78-0430). According to the XRD result in Figure
2e, calcining the precursor of AISIM60 at 580 °C for 12h caused to
form MgAl,0, and Mg,SiO,. Since our aim in this study was the
formation of Al,03-Si0,-MgO nanocomposites, therefore we
selected 500°C for calcining the samples.

3.3. Thermal analysis.

TG-DTA result of the AISiM60 precursor is shown in

Figures 3a and 3b.

120
100 |
a
2 80 -
E 60
e
20 !
0 4 | i
25 225 425 625 825
Temperature ("C)
Temperature (°C)
25 525
0
ol b
Se |
= 6- -
<J 8- _
10- -
12-

Figure 3. TG (a) and DTA (b) patterns of the precursor of AISiM60
sample.

The process of weight loss can be divided into two steps.
The endothermic peak between 25 and 225 °C on DTA,
accompanied by 13% of weight loss observed in this first step on
TG curve, is attributed to the desorption of water and solvent
(which may be physical or chemical adsorption on the interparticle
surface of the sample). The second step from 325 to 425 °C with
the main weight loss of about 30%, accompanied by a
endothermic peak at 375 °C, can correspond to the weight loss of
dehydroxylation caused by breaking Si-OH and AI-OH as well as
the calcination of MgO precursor. The two exothermic peaks at
700-825 °C and 825-925 °C on DTA are attributed to the
formation of the crystalline phase of MgAl,0, and Mg,SiO, .

FE-SEM images and EDAX analysis of samples AISiMO,
AISiM20, A1SiM40 and AISiM60 are presented in Figure 4 a-h.
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Figure 4. FE-SEM images and EDAX patterns of AISiMO (a and b),

AlSiM20 (c and d), Al1SiM40 (e and f) and AISiM60 (g and h).

Three types of morphology (uniform (a), spherical-like (¢
and e) and bent rod-like (g)) can be seen in the FE-SEM images.
Surface morphology of AISiM20, AISiM40 and AISiM60 samples
are different from the AISiMO as would expected due to formation
of MgO in nanocomposites. The AISiMO nanocomposite has a
uniform structure, while adding MgO to nanocomposites causes to
form homogeneous spherical-like and bent rod-like particles. In all
of images the MgO nanoparticles exist in the nanocomposites with
almost uniform distribution.

The EDAX patterns are performed to identify the elemental
composition of the nanocomposites. From the corresponding
EDAX spectra, AISiMO, AISiM20, AISiM40 and AISiM60
nanocomposites are composed of Al, Si and O elements (Figure
4b) and of Al, Si, O, and Mg elements (Figures 4d, 4f and 4h),
respectively. These results are in good agreement with the XRD
analysis and strongly prove that the MgO is successfully mixed
with Al,O53-Si0, matrix.

In order to obtain the crystallite size of nanocomposite, the
TEM image of AISiM60 is shown in Figure5. Based on Figure 5,
nanoparticles size distribution is continuous between the minimal
diameter (about 5 nm) and the maximal diameter (about 80 nm).

Page | 1413



M. Iranpour Mobarakeh, A. Saffar-Teluri, S.A. Hassanzadeh-Tabrizi

Figure 5. TEM image of AISIM60.

3.4. Effect of dosage and type of adsorbent.

Figure 6 shows the effect of adsorbent dosage (0.001,
0.003, 0.007 and 0.01 g) and type of adsorbent (AISiMO,
AlSiM20, AISiM40 and AlSiM60) on the percentage removal of
10 mg/L MO solution, without any change on the solution pH.
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Figure 6. Effect of adsorbent dosage and type of adsorbent on the
percentage removal of 10 mg/L MO solution.

The removal capacity of nanocomposites enhanced with the
increase of MgO content from 20 to 60 wt%. The AISiM60
adsorbent, that has the highest MgO content, exhibited the highest
removal capacity. Based on Figure 6, AISiM60 dosage increased
from 0.001 to 0.003 g, the removal efficiency of MO ions
increased significantly from 6 to 73%. However, the higher
adsorbent dose results in a lower removal capacity of AISiM60
(54%). It is believed that at the low adsorbent dosage the
dispersion of AISiM60 nanoparticles in aqueous solution is better,
that is, all of the active sites on the adsorbent surface are entirely
uncovered which could accelerate the approachability of MO
molecules to a large number of the adsorbent active sites. Thus,
the adsorption on the surface active sites is saturated quickly,
performing a high removal capacity. On the other hand, at higher
adsorbent dosage, the accessibility of adsorbent active sites with
higher energy decreases and a larger fraction of the active sites
with lower energy become occupied; leading to a decrease in
adsorption capacity [31]. Furthermore, increasing adsorbent
dosage enhances the chance of collision between adsorbent

nanoparticles and hence creates particle aggregation, thereby
inducing a decline in the total surface area and an increase in the
diffusion path length, which both result in a decrease in the
amount of MO from aqueous solution [32]. Therefore, 0.003 g of
AlSiM60 was chosen as the optimal dosage for this process.

The effect of initial MO concentration on the percentage
removal of the dye by keeping the adsorbent constant (0.003g) is
shown in Figure 7.
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Figure 7. Effect of different initial MO concentration on the percentage
removal of the dye (adsorbent dosage = 0.003g).

The percentage removal for 10, 20, 30 and 40 mg/L initial
concentration was 67, 78, 74 and 63% after 90 min of adsorption,
respectively. The percentage of dye removal increased from 67 to
78% with the increase in MO concentration from 10 to 20 mg/L
and then decreased to 74 and 63% for 30 and 40 mg/L of dye
concentration, respectively. The relative increase in the loading
capacity of the sorbent with increasing MO concentration to 20
mg/L is probably due to the interaction between the dye and
adsorbent, which provides the vital driving force to defeat the
resistance to the mass transfer of MO ions between the aqueous
and AISiM60 [33]. On the other hand, the lower removal
efficiency of AISiM60 at high MO initial concentration (30 and 40
mg/L) could be related to the low ratio of initial mole numbers of
MO to the available active sites on the surface area; therefore, the
fractional adsorption is dependent on the initial concentration [34].

In order to confirm the above results, the structures of the
nanocomposites were studied by determining of zeta potential and
BET technique. Zeta potential of AISiM60 nanocomposite is
shown in Figure 8. It shows the surface of AISiM60 has a positive
charge of about 3.25 mV while that of MgO and AISiMO have
negative charge of -1.25 and -15 mV, respectively (which are not
shown here).

Zeta Potential Distribution
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Figure 8. Zeta potential of the AISIM60 nanocomposite.

The results of BET measurements for nanocomposites are
presented in Table 1. The AISiM0 nanocomposite has a low BET
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surface area (63 m”/g). The surface area of the AISIM20, A1SiM40
and AISiM60 nanocomposites (141, 148 and 151 m%g,
respectively) gradually increased with increasing MgO.

Based on Figure 4, Table 1, Figure 6 and Figure 7, high
adsorption capacity of AISiM60 can be due to the existence of a
larger amount of uncovered and covered MgO on the surface and
in the structure of Al,05-SiO, in comparison with other
nanocomposites.

4. CONCLUSIONS

Al,0;-S10,-MgO nanocomposites with different amount of
MgO (20, 40 and 60%) were synthesized by sol-gel method and
characterized by FT-IR, STA, XRD, FE-SEM, EDAX, TEM, BET
and zeta potential analysis. These nanocomposites were used as
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