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In this article CaAl,O, nanoparticles were prepared using a facile self-propagating solution combustion synthesis
(SCS) using oxalyldihydrazide (ODH) as fuel. PXRD results shows that all the diffraction peaks are well matched with
ICDD card number 53-191 and found to be monaoclinic structure. FTIR spectrum reveals the vibrational frequency of
metal — oxygen bond and purity of the nanoparticles. Optical energy band gap was calculated from the Wood-Tauc
relation using UV-Vis spectrum which was found to be 5.0 eV. SEM micrograph shows porous and foamy
morphology. Adsorption experiments were performed with cationic methylene blue (MB) dye and found 77 % dye was
at 12 pH at contact time of 25 min of the contact time. The optimum adsorbent dose was found to be 0.8 g/L of dye.
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Introduction

Currently synthetic dyes are extensively used in different fields,
such as textile, paper, leather etc., and their direct discharge into
waters causes various environmental troubles, which resulted from
their carcinogenicity, toxicity to aquatic life and undesirable
aesthetic aspect [1-5]. Majority of the dyes are toxic, mutagenic
and carcinogenic in nature besides they are very stable to light,
temperature and microbial attack, making them intractable
compounds. From an environmental point of view, the removal of
synthetic dyes is of great concern [6]. To decontaminate the dye
pollutants, various technologies have been developed and applied,
such as adsorption, electrolysis, advanced oxidation and active
sludge method. Among all these commonly adopted methods,
adsorption is regarded as the fast, efficient and general technology.
Many categories of adsorbent materials are evaluated in dye
removal [7-10]. Recently greater attention has been committed to
the study of removal of dyes and pigments from industrial effluents
and waste water by adsorption process using nano structured
materials [11, 12]. Nanoparticles exhibit atom-like behaviour due
to a high surface, a large fraction of surface atoms and the wide
gap between valence and conduction band when divided to near
atomic size [13].

As one of the common dyes, methylene blue (MB) is widely
used as the colouring agent and disinfector in rubbers,
pharmaceuticals, pesticides and dyestuffs and so on. It has been
reported that cationic dyes like MB are more toxic than anionic
dyes; exposure of MB to human being will cause skin and eye
irritation,  carcinogenicity, reproductive and developmental
toxicity, neurotoxicity and chronic toxicity. In this regard, an
increased interest has been focused on the adsorptive removal of
MB from the waste water [14-17]. Calcium aluminates are
important cement materials, which have been studied by many
researchers. Calcium aluminates (CaO-Al:03) are attractive
ceramic materials for high temperature refractory applications. In

recent years, calcium aluminates based materials have found new
applications in the field of advanced ceramics as optical ceramics,
catalyst support, flame detectors, dental cements and structural
ceramics [18, 19].

Objective of this study is to synthesize CaAl204 nanoparticles by
solution combustion synthesis and to study its effectiveness of
adsorption of methylene blue dye.

Experimental
Materials

Commercially pure calcium nitrate (Ca(NOz)2 4.H20, AR 99%
Merck), aluminium nitrate (AI(NOs)s 9H20, AR 99.99% Merck),
ODH (C2HsN4O2), hydrochloric acid (HCI Fisher scientific),
hydroxide (NaOH Fisher scientific), MB dye (CisH1sCINsS,
Sigma-Aldrich), were used as such without further purification.

Synthesis of CaAl204 nanopatrticles

CaAl204 nanoparticles were synthesized by solution combustion
method [20-22]. The starting materials, calcium nitrate
(Ca(NO3)2-4H20), aluminium nitrate (AI(NO3)3.9H20) are the
sources of Ca, Al respectively and ODH was used as fuel. The
stoichiometric amount of corresponding nitrates were taken in a
crystalline dish and dissolved in distilled water and stirred the
mixture for 30 minutes. The crystalline dish containing the
heterogeneous redox mixture is introduced into a muffle furnace
maintained at 500 + 10 °C. First the solution boils and undergoes
dehydration. Eventually the mixture undergoes decomposition,
which results in the liberation of large amounts of gases (usually
COz, H20 and N2). This is followed by a spontaneous ignition
which results in flame type combustion. The whole process is over
in less than 5 min and a highly CaAl204 nanopowder is obtained as
per the following chemical equation

Ca(NOQy), + 2AI(NOy), + 4C,H¢N,0, — CaAl,0, + 12N, + 8CO, + 12H,0 (1)
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Preparation of Methylene blue dye solution

An accurately weighed amount (10 mg) of the MB dye was
dissolved in 1000 ml distilled water to prepare 10 ppm stock
solution.

Characterization techniques

The product was characterized by PXRD. Powder X- ray
diffraction patterns were collected on a Shimadzu XRD-700 X-ray
Diffractometer with CuKa radiation with diffraction angle range
20 = 20°to 80", operating at 40 kV and 30 mA. The FT-IR studies
have been performed on a Perkin Elmer Spectrometer (Spectrum
1000) with KBr pellet technique in the range of 400-4000 cm™. To
calculate optical energy band gap, UV-Vis spectrum was recorded
using specord 800 UV-Vis spectrophotometer. Product was
morphologically characterized by SEM performed on a ZEISS
scanning electron microscope with a voltage of 5 kV.

Results and Discussion

Figure 1 represents the PXRD pattern of the product obtained by
SCS. The product is crystalline and show well resolved peaks
corresponding to all the planes of standard monoclinic CaAl204
(ICDD: 53-191). All the diffraction peaks can be indexed to (1 1
2),(220),(301),(006)(303),(032),(040), (472)and (34
3) reflections. The crystallite size is calculated from the full width
at half maximum (FWHM (B)) of the diffraction peaks using
Debye- Scherer’s method [23] using the following equation,

kA
B cosB

@

Where‘d ‘is the average crystalline dimension perpendicular to
the reflecting phases, ‘A’ is the X-ray wavelength, ‘k’ is shape
factor, ‘B’ is the full width at half maximum (FWHM) intensity of
a Bragg reflection excluding instrumental broadening and ‘0’ is the
Bragg’s angle. The calculated average crystallite size of the
product is found in the range of 40-45 nm.
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Figure 1: PXRD of CaAl,O, nanoparticles

Figure 2 represents FT-IR spectrum of the sample recorded to
define the vibrational frequency of metal — oxygen in the CaAl204
nanoparticles. It can be seen that no major impurity peaks
corresponding to the organic impurities was observed. However, a
weak band can be seen at 2365 cm™ which is ascribed to the
stretching vibration of the C—H band in ODH. Another small peak
at 1470 cm is due to the nitro group of the precursors. A broad
peak at 3501 cm™ is attributed to OH band of water molecules.
Strong absorption bands at 813 cm™ and 643 cm can be assigned
to the stretching vibration of M-0O bonds (M= Ca, Al) [24].

In order to determine the optical energy band gap of sample, the
UV-Vis absorption spectrum was recorded. Fig. 3 (a) shows the

UV-Vis absorption spectrum of sample. The sample shows a strong
absorption peak (Amax) at 205 nm at the UV region. This can be
attributed to photo excitation of electron from valence band to
conduction band. The optical energy band gap (Eg) was estimated
(Fig. 3 (b)) by the method proposed by Wood and Tauc [25]
according to the following equation,

(hvoz)oz(hv—Eg)n 3)

where ‘a’ is the absorbance, ‘h’ is the Planck constant, ‘v’ is the
frequency, ‘Eg is the optical energy band gap and “n’ is a constant
associated to the different types of electronic transitions (n=1/2, 2,
3/2 or 3 for direct allowed, indirect allowed, direct forbidden and
indirect forbidden transitions, respectively). Eq value for CaAl204
nanoparticles is ~ 5.0 eV which is well agreement with the
literature.

The scanning electron micrograph of CaAl204 nanoparticles is
shown in Fig.4. The powder shows foamy disconnected structures
with significant porous and loosely packed particle clusters. The
agglomeration of particles in sample might be due to high
exothermic nature of the reaction resulting in partial sintering of
the particles.
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Figure 2: FTIR spectrum of CaAl,O, nanoparticles
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Figure 3: (a) UV-Vis spectrum (b) Optical energy band gap of CaAl,0,
nanoparticles
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Figure 4: SEM micrograph of CaAl,04 nanoparticles

Adsorption studies

Adsorption experiments were performed using organic
hazardous cationic MB dye. MB is a heterocyclic aromatic
chemical compound with a chemical formula CisH1sCINsS.
IUPAC name of MB is 3, 7 bis (Dimethylamino)-phenothiazin-5-
ium chloride. Molecular structure of MB is as follows.
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Figure 5: Molecular structure of Methylene blue dye

Batch experiments were carried out at different time, dose and
pH. 50 ml of dye solution of 10 ppm was mixed with different dose
of adsorbent in 250 ml conical flask at room temperature. The dye
solution is separated from the adsorbent by centrifugation at 1800
rpm for 5 min. Residual concentration of dye in supernatant was
estimated spectrophotometrically by monitoring the absorbance at
665 nm (Amax) using a UV-Vis spectrophotometer.
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Figure 6: (a) Effect of dosage, (b) Percentage adsorption plot

Effect of dosage

Adsorption of dye is strongly influenced by the amount of the
adsorbent. Adsorption of MB onto CaAl.04 nanoparticles was
studied with changing the amount of adsorbent from 2 mg to 10
mg at a constant stirring rate of 30 minutes with concentration of
10 ppm of 50 ml dye solution. It is observed from the Fig. 6(a-b)
that with increase in the dose, adsorption of MB increases upto
optimum quantity of adsorbent. Maximum of 31% dye adsorbed at
the dose of 8 mg of adsorbent. Further increase in adsorbent dose,
decreases the adsorption percentage. This might be attributed to
over-lapping or aggregation of adsorption sites resulting in
decrease in total adsorbent surface area available to MB and
increase in path length [26].

Effect of contact time

Effect of contact time on the adsorption of MB onto CaAl204
nanoparticles was studied by optimized quantity of adsorbent and
at room temperature. It can be observed from the Fig. 7 (a-b) that
the dye adsorption increases with the increasing of stirring time.
The rate of adsorption is initially quite rapid with most of the
compound being adsorbed within the first 25 min. It was found that
more than 35% adsorption of dye occurred in the first 25 min;
thereafter the rate of adsorption was found to be slow. This shows
that equilibrium can be assumed to be achieved after 25 min. It is
basically due to saturation of the active site which does not allow
further adsorption to take place [27].
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Figure 7: (a) Effect of stirring, (b) Percentage adsorption plot
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Figure 8: (a) Effect of pH, (b) Percentage adsorption plot
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Effect of pH

The pH of system has a great effect on the adsorption efficiency
of organic dyes. Effect of pH on MB adsorption onto the CaAl204
nanoparticles was carried out at 10 ppm of initial dye concentration
with 8 mg mass of adsorbent at 25 min of stirring rate at room
temperature. As given in the Fig. 8(a-b), CaAl204 nanoparticles
show maximum of 77% dye adsorption at the pH of 12 which
decreased to 4% at pH of 4. This confirms that the high pH (10-12)
is favourable for MB adsorption. This is due to the fact that MB is
a cationic dye. Its adsorption increases when the surface of the
adsorbent is negatively charged.

Mechanism of adsorption of MB onto CaAl204 nanoparticles

Mechanism of adsorption of MB onto the CaAl204 nanoparticles
can be explained on the basis of pH effect [28]. Under acidic
conditions, it is difficult for cationic MB dye to adsorb onto the
CaAl204 surface. This is because, as initial pH of dye solution
decreased, the number of negatively charged adsorbent sites
decreased and positively charged sites increased which did not
favour the adsorption since the MB is a cationic dye results in
electrostatic repulsion. This decrease in the adsorption at lower pH
is also due to the fact that the presence of excess H* released from
the MB dye at acidic condition which opposing with dye cations
for the adsorption. In turn at higher pH the negatively charged sites
on adsorbent molecule increases which attracts the positively
charged sites of cationic MB dye results in high adsorption.

Conclusions

The single phase of CaAl.04 nanoparticles were successfully
prepared by the simple SCS method and its adsorption capacity for
MB dye was investigated. The result showed that the parameters
like effect of pH and contact time will play a very important role
on the adsorption.
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