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Abstract: The objective of this work is the study of adsorption of dye solution using nano
particles. An approach is made for the first time to synthesize the nano Strontium titanate
(ST) by self-propagating solution combustion technique using abutilon indicum leaf extract
as fuel at low temperature of 450 °C. The synthesized product was calcinated at 600 °C for
2h. The structural and morphological analysis of nano ST were carried out by powder X-ray
diffraction (PXRD), and field emission scanning electron microscopy (FE-SEM),
transmission electron microscopy (TEM) respectively. The purity of the product is confirmed
by fourier transform infrared spectroscopy (FT-IR). Adsorption of Congo Red (CR) on ST
was carried out by various adsorption parameters like dosage effect, stirring rate, pH effect,
and initial concentration. Adsorption kinetics has also been studied and it follows pseudo
second order.

Keywords: Combustion, adsorption, kinetics, Congo red.

1. Introduction

The introduction of waste products in the environment is a big issue of the today’s life. This waste
product contains colored organic dyes which are produced by many industries like textile, paper, rubber etc [1].
More than 50% of the dyes are hazardous and may affect the aquatic life as well as food chain [2] The removal
of these dyes from the aqueous solution remains as a major problem and many methods has been adopted to
remove these, such as coagulation [3], oxidation [4], photocatalysis [5], adsorption [6], nanofiltration [7],
micellar enhanced ultrafiltration [8] etc.. Adsorption technique is superior to other conventional process because
it is ecofriendly and low-cost [9].

Most challenging dyes are anionic in nature like Congo red (CR) as it is soluble in water, bright in
color, and shows properties in acidic medium [10]. The structure of the CR is very stable and it is present in the
form of sodium salt. Because of this nature, it is very difficult to remove from the aqueous solution; hence it is
persisting in the environment [11].

In the present work ST is selected as an adsorbent because, being a perovskite oxide, it has been used
in many applications such as water splitting reaction under UV light irradiation [12], electrical applications
[13], catalyst [14], superconducting [15],luminescence [16], Solid Oxide Fuel Cells [17] due to its band gap
3.2eV.
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Some of the researchers have studied the adsorption of CR using different adsorbents such as rice husk
[18], Seed coat [19] Activated carbon [20], mycelial biomass [21] etc. In the present study adsorption of CR is
carried out using nano strontium titanate, because it is a very good charge carrier in the presence of definite pH
range, which facilitate the dye adsorption. There is no satisfactory literature relating to the adsorption of CR
onto ST nanoparticles. It creates an interest to proceed adsorption of CR using ST as an adsorbent.

In the present study ST is synthesized by combustion method using abutilon indicum Iraf extract as a
fuel. A phytochemical investigation of abutilon Indicum leaves showed the presence of amino acids, glucose,
fructose and galactose [22]. These components help in the combustion process during the synthesis of ST. The
adsorption of CR onto ST is studied by varying the various factors like dosage, pH, rate of stirring and initial
concentration. The adsorption kinetic is also been studied.

2. Experimental part:

2. a Materials :

The chemicals, strontium nitrate [Sr(NO3), AR99% Nice chemicals], tetra-n-butyl
titanate[Ti(OC,Hy) AR 99% Merck], 1:1 nitric acid [HNO3AR 99% Fischer Scientific] Congo red azo dye
[C3H2,NgNa,OgS, Sigma-Aldrich] and distilled water were used without further purification. An Abutilon
indicum leaves were collected from the local area.

2. b Method of Synthesize of ST:
2. b.1. Preparation of titanyl nitrate:

The titanyl nitrate was prepared by taking tetra-n-butyl titanate as a starting material. First titanyl
hydroxide was prepared by adding minimum quantity of double distilled water to tetra-n-butyl titanate in a
crystalline dish. Further by the addition of nitric acid to this reaction mixture, titanyl nitrate was formed. The
corresponding chemical reaction is as follows

Ti(OC4Hg)+3H,0 —  TiO(OH),+4C4HsOH--- (1)
TiO(OH), + 2HNO3 — TiO(NOg), +2H0  =-mmmmmmmmmmmmemeem oo ©)

2. b.2. Extraction of solution from the abutilon indicum leaves:

20g fresh leaves of abutilon indicum were weighed and washed with the distilled water several times to
free from the dust. The leaves were boiled with one litre of double distilled water in an electrical heater for 1 hr.
The supernatant liquid is filtered through Whatmman filter paper and stored for the further use.

2. b.3. Synthesize of ST nanoparticles:

The different volume of [1ml-5ml] abutilon indicum leaf extract solutions were used as a fuel. The
synthesis of ST was optimized by adding 1ml of abutilon indicum leaf extract solution.

The strontium nitrate Sr(NOs),, titanyl nitrate TIO(NO3),) and 1 ml of abutilon indicum solutions ( used
as fuel) were dissolved in minimum quantity of distilled water in a crystalline dish with constant stirring on
magnetic stirrer about 10-15 min. Then the solution was introduced into the preheated muffle furnace at 450°C.
The solution was boiled; it catches flames on the surface and formed white amorphous ST. The amorphous ST
was calcinated at 600°C for 2 hr.

2. ¢ Preparation of Congo red azo dye:

Congo red (CR) is an anionic dye with [IUPAC name sodium salt of 3,3'-([1,1'-biphenyl]-4,4'-diyl)bis(4-
aminonaphthalene-1-sulfonic acid)(formula: Cs;H2,NgNa,OgS,; molecular weight: 696.66 g/mol). 10ppm of dye
was prepared by dissolving 10 mg of CR in 1000 ml distilled water.

3. Characterization Techniques

The ST nanoparticles were characterized by PXRD. Powder X- ray diffraction pattern were collected on
a Shimadzuxrd-700 X-ray diffractometer with CuKa radiation with diffraction angle range 26 = 20° to 80°,
operating at 40 kV and 30 mA. The morphology of ST nanoparticles was studied by recording FE-Sem and
TEM. Field emission-scanning electron microscopy (FE-SEM) is carried on a ZEISS ULTRA 55 scanning
electron microscope and transmission electron microscope (TEM) was recorded on a Hitachi H-8100
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(accelerating voltage up to 200 KV, LaBs Filament). FT-IR analysis was studied on a Perkin Elmer
Spectrometer (Spectrum 1000) with KBr pellet technique on the range of 400-4000 cm'™.

4. Results and discussion.
4. a Powder X-ray diffraction Spectroscopy.

The phase formation of nano ST powder was confirmed by PXRD. The PXRD patterns of the calcined
sample in the Fig.1 shows the presence of small amount of SrCO3; and TiO,. All the diffraction peaks of the ST
were well indexed as cubic and matched with JCPDS card 35-0734 with space group pm-3m (no.221): Lattice
parameter (nm) a=0.3905. The average crystalline size was calculated using Debye-Sheerer’s formula,

d- kL
 BeosH (3)

Where“d’ is the average crystalline dimension? =is the X-ray wavelength (0.154056); ‘k’ is the constant; ‘0’ is
the Bragg’s angel and f is the full width at half maxima (FWHM).The calculated crystallite size was found to
be in the range of 10-15nm.
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Fig.1 PXRD of SrTiO; nanoparticles

4. b Morphological analysis:

The morphology of the ST nanopowder was studied by recording FE-SEM and TEM. The Fig.2 shows
the FE-SEM image of nano ST powder. It was observed that the particles are spherical in shape with highly
agglomeration. This due to the liberation of large volume of gases during combustion reaction. The Fig.3 shows
the TEM image of nano ST powder. The image showed that particles were almost spherical in shape and size
varied from 10-25nm.

100 nm

Fig.2 FE-SEM images of SrTiOznanoparticles Fig.3 TEM image of SrTiOznanoparticles
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4. c FT-IR analysis

The purity of the product was further confirmed by FT-IR studies and results were depicted in the Fig.4.
A strong and broad band at 574cm™ was attributed to the bending mode of Ti—O. The peak at 1439 cm™ was
assigned to stretching/bending mode of CO; #. A broad band near 3303 cm™ was attributed to the OH’
Stretching mode
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5. Adsorption Studies.
5. a Effect of Dosage:

In order to optimize the adsorbent dosage for the removal of CR from the aqueous solution, the
adsorption of CR onto ST was carried out by varying the amount of adsorbent from 10 mg to 110 mg is as
shown in Fig.5. Before the catalyst addition, almost no change in CR concentration occurred. This indicated
that CR was stable in aqueous solution under dark condition. After the addition of catalyst, the rate of
adsorption of CR on ST takes place. The result shows that as the amount of adsorbent increases the rate of
adsorption is also increases due to the interaction of active site of ST with CR. The maximum adsorption is
takes place when the amount of adsorbent was 90 mg. On further increasing the dosage, the amount of
adsorption decreases due to the less availability of the surface area of ST. The maximum adsorption was 65% at
the dosage of 90mg.
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Fig.5. Effect of dosage
5.b Effect of contact time:

By keeping the same dosage as constant, continued the adsorption studies by varying the
contact time from 10 min to 35 min. From Fig.6 it is found that rate of adsorption increases with the increase of
contact time and reached the maximum 73% when the rate of contact time was 25 min. After this time rate of
adsorption decreases due to the saturation of the active site which does not allow further adsorption to take
place.
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Fig.6. Effect of contact time

5.c Effect of pH:

The pH effect from pH-2 to pH-7 is studied by keeping constant dosage (90 mg) with constant time (25
min). From Fig.7 it was observed that the maximum of 73% adsorption takes place at pH 5 and further it is
decreased. At very low pH (i.e. from pH-2 to pH-4); there is an interaction of the positively charged adsorbent
with negatively charged adsorbate, which allows the adsorption of CR onto ST nanoparticle. At high pH
(beyond pH-5), the highly negatively charged adsorbent surface sites did not favor the adsorption of CR due to
electrostatic repulsion.
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Fig.7. Effect of pH

5.d Initial concentration:

The adsorption studies were carried out by varying the initial dye concentration from 10 ppm-50 ppm.
From Fig. 8 it is observed that, as the dye concentration increases the adsorption of CR onto ST nanoparticles
decreases from 73% to 35%. This is because; at lower concentrations all the adsorbate present in the solution
could interact with the binding sites and thus % adsorption was higher than those higher at initial
concentrations. At higher concentration the decrease in % adsorption may be attributed to lack of sufficient
surface area to accommodate more adsorbate available in the solution.

% Adsorption
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Fig.8. Effect of initial concentration
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6. Kinetic Studies
The adsorption of CR on ST is investigated by pseudo-second order kinetic model.
The pseudo second-order kinetic model is given by equation

L = ;-l-if
qr k.q.* Qe _ . (4)

Where g, (mg/g) and g; (mg/g) are the adsorbed amounts of CR at equilibrium and time t (min); K, is the
adsorption rate constants of Pseudo-second-order equation. The slopes and intercept of the plot t/g, versus t
were used to calculate the pseudo second order rate constants k, and g.. In the Fig.9, a straight line in plot of t/q;
versus t is show good agreement of experimental data with the pseudo second-order kinetic model for different
initial adsorbate concentrations. It is found that R? is 0.98839 and calculated theoretical g. values also well
agree with the experimental data. These indicate that the adsorption of CR onto ST nanoparticles belongs to the
pseudo-second order kinetic model.

R2=0.98839

0 5 10 15 20 25 30 35 40
Time

Fig.9. Pseudo-second order kinetic

7. Conclusion.

In this work ST nanoparticle with average crystallite size of 10-15 nm were successfully synthesized by
solution combustion method using abutilon indicum plant extract solution as a fuel. The powder X-ray
diffraction showed cubic phase and diffraction peaks were well matched to JCPDS file (No. 35-0734). The
particles were spherical in shape with high agglomeration was observed by SEM images. Adsorption of CR
onto ST was studied and that showed maximum 73% of dye is adsorbed at the rate of 25 min with a dosage of
90 mg. The kinetic adsorption model was revealed to pseudo-second order.
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