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I i) The paper describes the synthesis of a-Fe203 nanopowder solution combustion

synthesis. The nanopowder was characterized by powder X-ray diffraction

LI (PXRD), Fourier transform infrared spectroscopy (FTIR), scanning electron
v 0-Fe,Os; microscopy (SEM) and band gap energy measurements. The nanopowder
v Acid orange 7; exhibited the hexagonal phase of a-Fe203 as indicated by the PXRD pattern.
v BET surface area; The nanopowder was used photocatalyst for the removal of the dye acid orange
v Photocatalytic activity; 7 (AO 7) from its aqueous solution. The effect of various factors such as initial
v Photocatalyticactivity dye concentration, dosage of the photocatalyst and irradiation time on the rate

of photocatalysis was also studied. It was found that the nanopowder exhibited

B. M. Nagabhush . . X :
agah s Tana good photocatalytic activity for the removal AO 7 from its aqueous solution.
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1. Introduction

The presence of intensely colored effluents in the affects its quality and reduces the penetration of light. This
results in disturbance of the biological processes occurring within the stream. Dyes are a class of synthetic
organic compounds which cause coloration of the natural water bodies when released into the environment [1,
2]. The discharge of effluents from the dyeing industries has resulted in the need for treating the wastewaters
with high values of biochemical and chemical oxygen demands as well as the color perceived by the human
eyes at very low concentrations. The presence of unnatural color in water leads to its contamination and also
makes it aesthetically unpleasant [3-5].

The organic groups present in the dyes produce certain reactive intermediates which trigger morphological and
genetic alterations leading to cytotoxic and carcinogenic effects [6]. Besides possessing high stability in
sunlight, dyes are resistant to microbial attack and temperature [7, 8]. The discharge of azo dyes into the water
bodies produces toxic amines which are formed by the reductive cleavage of the azo linkages present in them.
These toxic amines severely affect the vital organs of the body such as kidney, liver and brain. They also affect
the reproductive and nervous systems. Dyes also contain aromatic compounds, chlorides, meals etc. which
affect the photosynthetic activity of some aquatic organisms [9, 10].

A number of techniques are being used for the removal of dyes from solution. These include physical
adsorption, chemical and wet air oxidation, nanofiltration, catalytic processes, reverse osmosis, electrochemical
coagulation, biological treatment methods, precipitation and chemical degradation processes [11-14].

Most of the conventional methods are not being employed on a large scale due to the high cost ad problems
associated with the disposal of sludge [15]. Photocatalysis is an important method involved in the removal of
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traces of hazardous chemicals [16]. Several metal oxide semiconductors such as ZnO, a-Fe;O3, Fe;s04, SnO,,
AlLO5 etc. have been used for the removal of dyes from their aqueous solutions. Iron oxide has a narrow band
gap energy of 2 to 2.2 eV and can absorb light upto 600 nm. It can collect 40% of the solar energy, less
expensive and is stable in most of the aqueous solutions [17-21].

a-Fe,O3 nanoparticles exhibit certain unique characteristics such as high saturation fields, superparamagnetism
and extra anisotropy contributions. These unique characteristics are the result of finite size and large surface
area values of the nanoparticles. a-Fe,O3; nanoparticles find applications in different fields such as catalysis,
magnetic storage devices, electrochemistry, biotechnology, medicine and so on [22-26].

The synthesis of a-Fe,O; nanocrystals with different morphologies like belts, rods, nanorings, tubes, urchinlike,
quasicubic, hollow spheres and nanorhombohedra has been reported in the literature [22, 27-33]. a-Fe,Os
nanopowders with average crystallite sizes of 35, 100 and 150 nm were prepared by thermal evaporation and co-
precipitation methods [34]. The nanopowders were as photocatalysts for the removal of the dye Congo red
under visible light irradiation. The a-Fe,O; nanopowders with crystallite sizes 35 and 150 nm resulted in almost
complete removal of the dye whereas the nanopowders with crytsallite size 100 nm did not decompose the dye.
Various methods are being employed for the synthesis of a-Fe,Osnanoprticles. Some of these methods include
reduction of iron salts micelles, thermal reactions, electrochemical methods, microemulsion, co-precipitation,
sol-gel and hydrothermal method [35-40]. Solution combustion synthesis yields high purity crystalline products
with desired composition and structure in a short period of time [41]. The process is simple, cost effective and
yields high quality product [42]. In the present work, o-Fe,O; nanopowder was synthesized by solution
combustion synthesis. The nanopowder was as photocatalyst for the removal of the dye Acid orange 7 (AO 7)
from its aqueous solution.

2. Experimental Details

2.1. Preparation of the nanopowder

The chemicals required for the study were procured from sd Fine Chemicals Limited, India. The Ferric nitrate
Fe(NO3);.9H,0 was used as the oxidizer and oxalyldihydrazide (ODH), C,H¢N4O, was used as the fuel. ODH
was prepared by the methods described by Patil et al. [43]. A 1000 ppm solution of AO 7 was used as the stock
solution. It was appropriately diluted with double distilled water to obtain solutions of concentrations 20, 40 and
60 ppm. All the chemicals were of analytical grade and were used without further purification. Double distilled
water was used throughout the experiments.

5g of ferric nitrate was taken in a crystallizing dish of approximately 300 mL capacity and dissolved in
minimum quantity of double distilled water. Calculated amount of ODH was added to it and the mixture was
stirred magnetically for about 10 minutes to achieve uniform mixing. The excess water was evaporated by
heating it over a hot plate. The crystallizing dish was then introduced into a muffle furnace maintained at around
350°C. The reaction mixture first dehydrated, ignited at one spot and then burnt to to form the desired
nanopowder. In order to achieve complete combustion, the oxidizer to fuel ratio was maintained at 1
(oxidizer/fuel = 1). Equation 1 represents the reaction between ferric nitrate and ODH to form the nanopowder
[44].

Fe(NO3)s(aq) + 3CoHgN4O(s) —————> Fer05(s) + 6COx(g) + INa(g) + 9H20(g) (1)

2.2. Characterization of the nanopowder

2.2.1 XRD analysis

The PXRD pattern of the nanopowder was recorded using Philips X-ray diffractometer (PW/1050/70/76) using
Cu K, radiation (A = 1.542A) at 30 kV and 20 mA with Ni filter. The mean crystallite size of the nanopowder
was calculated using Scherer’s formula represented by Equation 2 [45].

Do kA
pcosd

2

where D is the mean crystallite size, k is a constant, A is the wavelength of X-rays used, B is the full width at
half maximum (FWHM) and 0 is the Bragg’s angle.

2.2.2 FTIR analysis
The FTIR spectrum of the nanopowder was recorded by Nicolette IMPACT 400 D FTIR spectrometer from 300
to 4000 cm™ using KBr as the reference sample.
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2.2.3 SEM analysis
The SEM micrograph of the nanopowder was recorded using the JEOL (JSM-840A) scanning electron
microscope.

2.2.4 Band gap energy measurements
The band gap energy of the nanopowder was determined by fitting the absorption data in the direct transition
equation represented by Equation 3 [46].

(ahv)* = A(hv—E,) 3)

where a is the optical absorption coefficient, (hv) is the energy of the photon, E, is the band gap energy and A is
a constant. (ahv)”> was plotted aw a function of hv and the linear portion of the curve was extrapolated to meet
the photon energy axis. The value of E, was determined from the intersection of the extrapolated linear portion
of the X-axis.

2.3. Photocatalytic activity of the nanopowder

AO 7 is an anionic azo dye used in paper and textile mills. Earlier it was also used in tanneries. It has the
molecular formula C,¢H;;N,NaSO, and molecular mass equal to 350.3 gmolfl. Chemically, AO 7 is 4-[(2-
hydroxy-1-naphthyl)azo]benzenesulfonate. It is highly toxic in nature. It causes nausea, dermatitis,
methemoglobinemia; irritation of the eyes, skin, mucous membrane and the upper respiratory tract. AO 7 also
exhibits carcinogenic effects [47-49]. The structure and absorption spectrum of AO 7 are given by Figures 1 and
2 respectively. The maximum absorbance was observed at 487 nm.

3P
Na* O~ OH

Figure 1. Structure of acid orange 7
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Figure 2. Absorption spectrum of acid orange 7
The reaction vessel used in the photocatalytic experiments had an exposure area of 50.3 cm’ with a

circumference of 25.2 cm. The source of Uv radiation was a 25 Watt mercury vapour lamp. A distance of about
20 cm was maintained between the source and the surface of the solution.
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50 cm’ of the AO 7 solution was transferred to the reaction vessel and appropriately amount of the nanopowder
was added to it. The mixture was stirred magnetically for 30 minutes under Uv radiation and then centrifuged at
3000 rpm using the KEMI C8C centrifuge. The Uv-visible spectrum of the supernatant was recorded in the
wavelength of 300 to 700 nm with the help of ELICO SL 159 spectrophotometer. The percentage dye removal
was calculated using Equation 4 [50].

% dye degradation = (COC;CE) x100 4)

0
where Cy and C, are the initial and equilibrium concentrations of the dye solution.
The experiments were conducted by varying the dosage of the nanopowder from 0.2 to 2.0 gL' of the dye
solution. The optimum dosage was found by plotting the graph of C./C, versus the dosage of the nanopowder.
The effect of irradiation time was found as follows. 100 cm3 of the dye solution was taken in the reaction
vessel, optimum dosage of the nanopowder was added to it and the mixture was stirred magnetically under Uv-
light. After every 5 minutes, a small aliquot of the mixture was taken out, centrifuged and the Uv-visible
spectrum was recorded as described earlier. The optimum irradiation time was recorded from the plot of C./C,
versus the irradiation time.
The photocatalytic experiments were repeated for four initial concentrations of the dye solutions: 10, 20, 40 and
60 ppm.

3. Results and Discussion

3.1 XRD analysis

The peaks in the PXRD pattern of the nanopowder (Figure 3) were attributed correspond to the hexagonal phase
of a-Fe,O; with JCPDS file number: 84-0311 [51]. The PXRD pattern exhibited high degree of crystallinity
with no impurity peaks.
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Figure 3. PXRD pattern of the nanopowder

3.2 FTIR analysis

The peaks around 416 and 542 cm' in the FTIR spectrum of the nanopowder shown in Figure 4 were assigned
to the stretching vibrations of the Fe—~O bond. The peak around 3400 cm' was attributed to be due the —OH
group of water adsorbed on the surface of the nanopowder [52].

3.3 SEM analysis

Figure 5 shows the SEM micrograph of the nanopowder. The SEM micrograph indicated that the particles were
agglomerated with a number of voids. The formation of voids was attributed to the large volumes of gases
released during the combustion process. The agglomeration of the particles was considered as a common way
by which they minimize their surface energy [53].
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Figure 4. FTIR spectrum of the nanopowder
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Figure 5. SEM micrograph of the nanopowder

3.4. Band gap energy measurements
Figure 6 shows the plot for determination of the band gap energy of the nanopowder. The value of E, was found
to be 2.22 eV which matched well with the one reported in the literature for a-Fe,O; [54].

3.5. Photocatalytic activity of the nanopowder

The effect of dosage of the nanopowder on the rate of photocatalytic removal of AO 7 is depicted in Figure 7.
The percentage dye removal increased with increase in the amount of the nanopowder. This is because an
increase in the amount of the nanopowder resulted in an increase in the number of active sites available for
adsorption of the dye molecules on its surface. In case of 10 and 20 ppm dye solutions, the optimum dosage was
found to 1.2gL' whereas it was 1.4gL"' for 40 and 60 ppm solutions. When the dosage of the nanopowder
increased beyond the optimum value, the percentage dye removal was found to be negligible. This is due to the
fact that higher concentration of the photocatalyst increased the scattering of the UV radiation. Additionally, it
also decreased the penetration of the Uv radiation into the dye solution.

Figure 8 represents the effect of irradiation time on the rate of photocatalysis. The optimum irradiation time in
case of 10 and 20 ppm dye solutions was found to be 45 minutes against the 50 minutes for 40 and 60 ppm dye
solutions. The percentage dye removal was negligible beyond the irradiation time.
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Figure 6. Band gap energy of the nanopowder.
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Figure 8. Effect of irradiation time
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Conclusions

a-Fe,O3 nanopowder was successfully synthesized by solution combustion method and characterized by PXRD,
FTIR, SEM, band-gap energy and BET surface area. The nanopowder acted as good photocatalyst for the
removal of acid orange 7 dye from its aqueous solution. The rate of photocatalytic dye removal decreased with
increase in initial concentration of the dye solution.
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