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The maximum toxic pollutants discharged by the industrial and domestic wastewater effluents are the pathogens and
organic chemicals. Recently, mesoporous tin oxide (SnO2) nanospheres have gained attention as a suitable material
in photodegrdation of poisonous pollutants like methylene blue (MB) and chlorobenzene (CB) when exposed to Ul-
traviolet and Visible irradiation. In this study, a single step synthesis of SnO2 nanospheres with large surface area
(104 m2g—1) was prepared from mixing two different types of surfactants. Pertinent physico-chemical characterisa-
tion techniques such as X-ray diffraction (XRD), scanning electron microscopy (SEM), high resolution transmission
electron microscopy (HRTEM), energy dispersive X-ray spectroscopy (EDS), and N2 adsorption—desorption mea-
surements were used to get an insight into the structural details of the freshly prepared SnO2 nanospheres. Results
showed that SnO2 samples were spherical in shape and with an average size of 2-5 nm. According to the pseudo 1st
order kinetic study, a rate constant (k) of 0.02693 min—1 and 0.02136 min— 1 for methylene blue (MB) and 0.2385 and
0.2023 for chlorobenzene (CB) were observed under UV and visible irradiation, respectively. High photoactivity of
SnO2 nanospheres may be ascribed to its reduced crystalline size and high surface area. Also, the SnO2 nanospheres

showed high response, selectivity, and good recovery rate towards degradation.
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Introduction

Recently, the combination of porous structures and nanomaterials
have become the most fascinating areas of research. These materi-
als can be of different shapes and sizes with the mesoporous range
usually falling between 2 and 50 nm. They have been given more
importance due to their myriad application in the industrial sectors
[1]. Among the different kinds of porous materials, mesoporous
SnO2 plays an important role. There are various preparatory meth-
ods are known while preparing SnO2 like. solvent-free infiltration,

microemulsion, sol-gel hydrolysis, solvothermal, hydrothermal
and so on. Most of the preparatory routes lead to agglomeration of
smaller particles into larger crystallite size [2-6]. To make smaller
crystallites of SnO2 nanospheres, they are prepared from mixing
suitable surfactants [7].

Surfactants gives the desired pore size to the nanoparticles due to
the type of bonding it creates between counter ions. The long alkyl
chains of surfactants help in forming many smaller pores in SnO2
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nanospheres at the time of synthesis [8]. Various types and combi-
nation of surfactants have shown different morphologies and pore
sizes. In our present investigation an attempt has been made to
synthesis mesoporous SnO2 nanospheres using a mixture of cat-
ionic and anionic surfactants with specific molar ratios to give a
high surface area material.

Photoadsorption of toxic materials from wastewater on semicon-
ducting oxide surfaces is economical and non-toxic in removal of
organic dyes [9]. Photo-oxidation is gaining interest because of its
efficiency in the degrading toxic pollutants arising from the waste
pesticides, petroleum refining, detergents, textile processing, fer-
tilizers etc. Degradation of these harmful pollutants is quite diffi-
cult and complex. They create many serious ecological problems,
owing to environmental pollution. Photocatalysis is an efficient
method to clean up the polluted water. Methylene blue and chlo-
robenzene, are water-soluble dyes, used by textile manufacturers
have a serious carcinogenic effect and release aromatic amines.
These synthetic dyes are non-degradable by nature and create
threat to aquatic life as well. Many conventional methods such as
filtration, sedimentation and adsorption on activated carbon etc.
are employed to minimize the hazardous effect of wastewater con-
taining dye.

The objective this study was to synthesis mesoporous SnO, nano-
spheres by the solvent-free single step method using a mixture of
two surfactants (namely, cationic and anionic) and to test them as a
photocatalyst to decompose the two pollutants (MB and CB) under
UV and Visible light. SnO, is basically a n-type semiconductor
having a Eg value of 3.6 eV. The SnO, samples were character-
ized for their structural and textural properties using conventional
physical, chemical and spectroscopic techniques.

Materials and Methods

Preparation of Mesoporous Sno, Nanospheres

Tin (II) chloride or stannous chloride (SnCl,.H,O) precursor
was used as a source for the synthesis of mesoporous tin oxide
(m-Sn0O,). CTAB and SDS were used as cationic and anionic sur-
factants, respectively to enhance the specific surface area of SnO,
nanospheres. A solution of SnCl,.H,O (1.0 M) was added to the
mixture of SDS (0.25 M) + CTAB (0.25 M) and stirred for an
hour. Freshly prepared 1.0 molar NaOH was added to the reactant
mixture so as to precipitate Sn(OH),. The solid mass was washed
with ——distilled water, dried and calcined at 600 °C for 4 hours.

Mechanism of Formation of M-Sno, Nanospheres
Appropriate molar quantities of the two surfactants, CTAB and
SDS when mixed together, they form spherical micelles. The weak
interaction between the surfactants give rise to the formation of
a well organised spherical micelles [10]. Mixtures of surfactants
show more activity than individual ones in producing nanospheres.
The two groups, sulphate and bromide from the surfactants bind
the stannous ions in forming the zwitterions structures [11]. Figure
1 describes the formation of mesoporous SnO2 nanospheres.
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Figure 1: Mechanism showing the formation of spherical SnO2
nanospheres.

Characterisation

The physico-chemical properties of mesoporous SnO, were inves-
tigated using X-ray powder diffraction (XRD) technique to deter-
mine the crystalline phase of SnO, sample. The surface morpholo-
gy of the samples was studied with electron microscopy (scanning
as well as transmission). While, Energy-dispersive spectrosco-
py (EDS) was used to find the elemental compositions of SnO,
nanospheres. Nitrogen adsorption-desorption measurements were
made at 77K to calculate the surface area and pore distribution
(size and volume) of the nanospheres, using BET and BJH meth-
ods, respectively.

Photoactivity Study

The synthesised mesoporous SnO, nanospheres were tested for
the degradation of MB and CB present in the wastewater sample.
About 20 mg of SnO, was added in a 10 mL water solution of MB
or CB. It was then irradiated with a mercury lamp or CFL lamp
for 120 min. The sample solution and the lamp were kept apart
by 10 cm. The entire system was kept in a closed vessel under ice
bath to maintain a constant temperature. After the completion of
photoirradiation, the SnO, was separated from the sample solution
and the spectra was run using UV—Visible spectrophotometer. The
absorbance spectra were recorded at a known time interval at 665
nm and 263 nm, respectively. Using Beer Lambert’s law, i.e. con-
centration of the sample solution is proportional to absorbance, the
percentage of photo efficiency was measured as shown in Eqn.1:
Rate = {(C,-C)/C} X100 = {(A,-A)/ A} X 100 (6))
where C, C and A, A, are the solution concentration and absor-
bance values of the sample solution at initial and final stages at
time t = 0 and t, respectively. The kinetic rate constant (k) was
calculated from the pseudo 1% order reaction as:
InC/C = - kt )
where CO and C are the concentration of the solution at the initial
and final stages of the reaction.
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Results and Discussion

X-ray Powder Diffraction (XRD) Analysis

The XRD profiles of freshly calcined mesoporous SnO, nano-
spheres are shown in Figure 2. The sample, SnO, exhibited several
diffraction peaks at 26 of 26.77°, 34.14°, 38.12°, 51.93°, 54.97°,
58.20°, 62.16°, 64.98°, 66.25°, 71.49° and 78.98°, which corre-
sponded to tetragonal rutile structure of SnO, [12]. It is interesting
to observe the absence of other peaks except ‘Sn’ and ‘O’, suggest-
ing the presence of only pure tin oxide (SnO,). The average crys-
tallite size of SnO2 was 5.05 nm, as calculated from Debye-Scher-
rer equation using the diffraction peak of (1 1 0) [13].

Mesoporous SnO2
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Figure 2: XRD patterns of SnO, nanospheres

Morphological Analysis
The spherical morphology of SnO, was ascertained from TEM anal-
ysis. Figure 3(a) shows the high resolution TEM images of freshly
prepared SnO,. They are of spherical shape with size ranging from 2
to 5 nm. The mesoporous structures of SnO, was further investigat-
ed using scanning electron microscopy as shown in Figure 3(b). It
confirms further the spherical structures of SnO,. The elemental dis-
tribution of SnO, was established by the EDS analysis (Figure 3c).
The existence of Sn and O atoms only in the prepared SnO, sample
in the EDS spectra suggest the absence of any elemental impurities
appears during the synthesis of SnO, nanospheres.
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Figure 3:(a) High resolution TEM image, (b) Field emission

SEM image and (c¢) EDS spectrum of SnO, nanospheres.

N2 Adsorption/Desorption Analysis

The surfactant when adsorbed on the surface of the nanospheres,
it significantly reduced the formation of large crystallites of SnO,
[14]. Figure 4 (a) shows the N2 adsorption—desorption curves of
the freshly calcined SnO,. Type IV isotherm was observed with
a hysteresis loop and shows an increase of P/Po between 0.4 and
0.9. The BET area of SnO2 nanospheres, using the mixture of sur-
factants was found to be 104 m?g’'. The mixture of cationic and
anionic surfactants yielded a high surface area as compared to the
individual surfactant (surface area of CTMB = 8.45 and SDS =
7.23.m?g™"). This may be due to the electrostatic attraction between
metal ions (positive charge) and SDS (negative charge), a size-
able micelle formation may take place. The differential BJH plot
of SnO, nanospheres is shown in Figure 4(b). The pore volume
and mean diameter were observed to be 0.140 cm®g! and 5.37 nm,
respectively.
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Figure 4: (a) N, adsorption-desorption isotherm; and (b) BJH
pore size distribution of SnO, nanospheres.

Photocatalytic Degradation of MB and CB

In a blank run, we observed that SnO, did not decompose either
MB or CB in the dark. However, in the absence of SnO,, when the
sample solution was irradiated, it showed a degradation of 5 to
8% within 1 hour of incubation. This suggests that both the light
source as well as the presence of SnO, nanospheres should be nec-
essary for the reaction. It suggests that the SnO, nanospheres have
the good capacity to absorb the light and to mineralise the pollut-
ants present in the solution.

In a typical run, the decomposition of the sample solution con-
taining MB or CB was monitored in the absorption peak corre-
sponding to 665 nm in the UV-Visible region. Figure 5a shows
the spectra of the MB along with SnO, present in the solution at
different time interval. The photo activity was found to be higher
due to its high surface area and pore volume of SnO, nanospheres.
The maximum degradation efficiency of MB was found to be 80%
within 60 min.

J App Mat Sci & Engg Res, 2020

www.opastonline.com

Volume 4 | Issue 4 | 161



€65 nm

10d — Omin a b —— Omin
—— 10 min ( ) 064 ( ) 2 min
— 20min B 4min
08 30 min 05 H \ —— 6min
—— 40 min
:: 50 min -
3 054 —— 60min =
] = Base ‘f}
H £
£ 04 5
S =
2 e
2
‘ :
024 {
00 -
T T T T T T T T T T T T T
3! 400 450 500 550 60O €50 700 7 230 240 250 260 270 280 290 300

Wavelength (nm) Wavelength (nm)

Figure 5: Time dependent UV-Visible absorption spectra of
the photocatalytic degradation of (a) methylene blue and (b)
chlorobenzene in presence of SnO, nanospheres

This suggests that the photo activity of the resulted material is a
function of the interface between SnO2 and the pollutant. Larger
specific surface area of the adsorptive material may be desired to
be in contact with organic molecules. In a similar way, the photode-
composition of CB was carried out after achieving adsorption-de-
sorption equilibrium in dark within 60 minutes. Under UV light,
rapid degradation was observed (Figure 5b). The sample solution
of CB showed the best photoactivity of 93% within 12 min

According to the kinetic study, the photodecomposition over SnO,
nanosphere follows a pseudo 1* order kinetics. The corresponding
reaction constant (k) was determined from Eqn. 2 and are reported
in Table 1.

Table 1: Rate constant (k) values for MB and CB over SnO2 nanospheres.

Photocatalyst | k values for MB / (min™") k values for CB / (min™")
UV source Visible source | UV Source Visible source
SnO, 0.02693 0.02136 0.2385 0.2023
According to Eqn.2, the plot of In(C/C ) against time should be lin- H-
ear. Figure 6 (a & b) confirmed that both MB and CB decomposed H-¢ L -
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Figure 6: Kinetic analysis of (a) methylene blue and (b) chloro-
benzene, in presence of SnO2 nanospheres.

Shown, one could infer that SnO, has a higher k values for MB
than CB during mineralisation under UV-Visible irradiation.

Mechanism of Photodegradation

Based on the above discussion, the photo mechanism for the min-
eralization of MB or CS may be described as follows: Irradiation
of SnO, surface with enough energy, dissociates the exciton (4*-¢’)
separately into holes (4") and electrons (¢°). The holes (%) remain
in the valence band (VB) while the electrons (¢’) move to the con-
duction band (CB). The hole oxidises oxidizes either the pollut-
ant directly or the water into hydroxyl (OH*) radical. At the same
time, the electron presents in the CB. reduces the oxygen adsorbed
on the surface of SnO2 nanospheres (Figure 7).

Figure 7: The photodegradation mechanism of MB/CB on
SnO, nanospheres under UV-Visible irradiation.

The photoactivation of SnO, can be represented as follows:

SnO, + Ay > SnO,* > e CB+ h"VB > recombination >heat
02+e CB>02 +H20->0OH +HO2*

HO,* + HO2* > H202

h"VB+ OH - HO* + MB - degradation products

From the suggested mechanism, one can notice that the OH radical
produced on the surface of SnO2 takes part in photodecomposi-
tion. For example, in the case of CB, the -Cl is substituted by the
OH species and transform into phenol. The phenol in turn under-
goes hydroxylation to give rise to hydroquinone, which further ox-
idized to benzoquinone. Finally, the benzoquinone breaks down to
CO, and H,0O [15]. There is no permanent adsorption of pollutant
on the surface of SnO,,.
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Regeneration of SnO, nanospheres was done to ensure whether
the nanospheres can be re-used. The check the reusability, experi-
ments were carried out on the spent SnO, nanospheres after wash-
ing it with distilled water for several times. The regenerated sam-
ples were dried in hot air oven at 100°C and re-run in an identical
manner. Except a small change in photo efficiency, the results were
comparable. Our results have shown that the photo efficiency was
found to be around 90% even after using it for 5 cycles as shown
in Figure 8 a & b. Since, the SnO, nanospheres are insoluble in
water, separation of it was much easier from the reaction mixture.
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Figure 8: Photo efficiency of SnO, nanospheres on reusability
for (a) methylene blue; and (b) chlorobenzene.

The slight decrease in photoactivity may be attributed to the block-
age of pores inside SnO, nanospheres.

The slight decrease in photoactivity may be attributed to the block-
age of pores inside SnO2 nanospheres.

Conclusion

Mesoporous tin oxide (SnO2) nanospheres were prepared by add-
ing two types of surfactants. TEM images of SnO2 confirmed that
the particles were spherical in shape with size ranges between 2
and 5 nm. At a surfactant solution concentration of 0.25 M, the
BET surface was observed to be high (104 m?g™") and this suggest
the formation of lamellar structure of SnO, nanospheres. The nano
samples prepared using only pure surfactant, had less surface area
as compared to the one prepared from a mixture of cationic and
anionic surfactants. This suggests that surfactant addition was very
important aspect as it influences particle growth, coagulation, sur-
face area, pore diameter and other factors. The photo study showed
that when SnO, nanospheres were used as photocatalyst, the MB
and CB were degraded up to 80% and 93 %, respectively. Accord-
ing to the pseudo 1* order kinetics, the reaction constant (k) for
methylene blue was observed as 0.02693 and 0.2385 min™ and for
chlorobenzene, it was 0.02136 and 0.2023 min™' under UV and
Visible light, respectively.
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