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Abstract

In this paper, a-Fe,0,/NiS has been synthesized as a Photocatalyst for Removal of Alizarin red-S from Aqueous Solution.
The as-prepared sample were characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM), transmission
electron microscopy (TEM) and Fourier transform infrared spectra (FTIR). Then photocatalytic degradation was carried
out in the presence of the a-Fe,0,/NiS on Alizarin red-S. The effect of catalyst dose, pH and initial dye concentration on the
degradation process has been assessed. Different concentrations of a-Fe,0,/NiS photocatalyst (0.25, 0.50, 0.75, 1.0, 1.25,
1.5, 1.75and 2g/L), different pH values (1-10) and different concentrations of dye (10-100 ppm) were employed for the

present study:.
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1. Introduction

Polluted waste water plays significant role in environmental
pollution. Industrial effluents contain different chemicals
especially synthetic dyes which are carcinogenic in nature'.
Some dyes decompose aerobically and anaerobically result-
ing in the formation of carcinogenic compounds®. In
addition the coloured pollutants decrease light penetra-
tion & prevent photosynthesis®. Alizarin red-S dye is one
of them which produces ‘red and’ purple coloured solution
depending on pH of water. Many conventional methods for
the removal of dying effluents from aqueous solutions can
be divided into three classes; physical biological and chemi-
cal treatments. Alizarin red-S is used in large quantities in
dying industries & produces many environment problems.
To find an appropriate & cost effective adsorbent is an
important consideration for designing a suitable adsorp-
tion method to minimize water pollution’’.

*Author for correspondence

Currently, many semiconductors have been applied
in heterogeneous photocatalysis such as CdS, SnO,, WO,,
TiO,, ZrTiO,, and ZnO’ . These advantages include high
efficiency, strong oxidation power, low cost, environmen-
tal benignity, and excellent chemical and photo-chemical
stability. Hematite (a-Fe,O,) is one of the most stable iron
oxides with n-type semiconducting properties. Because of
its low cost, simple production, environmental friendli-
ness, and excellent chemical stability, o-Fe O, has been
intensively investigated in a variety of applications such as
catalysts, pigments, water treatment, magnetic materials,
sensors, and lithium ion batteries. With a low band gap of
2.2 eV, a- Fe,O, absorbs most of the visible light, becoming
a promising visible-light-driven photocatalyst In contrast
with other semiconductors (i.e., WO,, ZnO, ZnS, Fe,0,,
CdS, and SrTiO,), TiO, is widely used in environmental
applications because of its physical and chemical stability,
lower cost, non-toxicity and resistance to corrosion.
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In this paper, photocatalytic o-Fe,O,/NiS has been
synthesized successfully by hydrothermal method. The
as-prepared sample were characterized by X-ray dif-
fraction (XRD), scanning electron microscopy (SEM),
transmission electron microscopy (TEM) and Fourier
transform infrared spectra (FTIR). The photocatalytic
activities of the a.-Fe,O,/NiS were evaluated by the pho-
tocatalytic degradation of Alizarin red-S.

2. Experimental

2.1 Materials

Alizarin red S (98%) was purchased from Loba Chem
Co. Ferric chloride (FeCl,-6H,0) and NiCl, -6H,0, were
obtained from Aldrich. All other chemicals were used as
received without further purification. Freeze dryer FD-10
(Pishtaz Engineering Co, Iran). IR spectra were recorded
on a Frontier Fourier transform infrared (FTIR) (Perkin
Elmer) spectrometer using a KBr disk. dye concentration
were determined in the filtrate using (Shimadzu UV-1601
UV/Vis spectrophotometer). pH adjustments were made
with digital pH-meter (Sartorius, Model PP-20) using
HCI (0.1 mol L) and NaOH (0.1 mol L!).

2.2 Synthesis of o-Fe, O,

The a-Fe,O, were pre-synthesized by a hydrothermal
method. In a typical process, FeCl, (0.01 mol) was dis-
solved in deionized water (30 mL). The solution was then
mixed with 15 mL of NaOH aqueous solution (2 M). The
obtained precipitation was washed by deionized water for
8 times. After washing, the precipitation was dispersed
in 50 mL of NaOH aqueous solution (2 M) under vigor-
ous magnetic stirring for 1 h. Then the suspension was
transferred into a 100 mL autoclave Teflon vessel and
hydrothermally treated at 160 °C for 20 h. After that, the
autoclave was cooled down to room temperature natu-
rally. The resulting sample was washed with deionized
water and ethanol and separated by centrifugation each
for three times. The final product of the a-Fe,O, were
dried at 60 °C and heat treated at 400 °C for 3 h .

2.3 Synthesis of a-Fe,O,/NiS

In a typical synthetic process, a-Fe, O, (0.02 g) were well-
dispersed in deionized water (30 mL) under magnetic
stirring and then 1.0 mmol of NiCL.6H,O solution (3
mL) was introduced into the mixture. Subsequently, the
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resulting solution was irradiated by 40 kHz ultrasonic
waves at 80% output power in the air for 30 min. During
the reaction, temperature was controlled at about 45 °C.
The precipitates were collected and washed with distilled
water and absolute ethanol several times and then dried
in a vacuum at 200 °C overnight for 10 h.

2.4 Adsorption Experiments

The adsorption studies were carried out at 25 + 1°C. pH
of the solution was adjusted with 0.1 N HCL. A known
amount of adsorbent was added to sample and allowed
sufficient time for adsorption equilibrium. Then the mix-
ture were filtered and the remaining dye concentration
were determined in the filtrate using (Shimadzu UV-1601
UV/vis spectrophotometer) at A_ =425 nm. The effect of
various parameters on the rate of adsorption process were
observed by contact time, t, initial concentration of dye
C, initial pH of solution, and temperature. The solution
volume (V) was kept constant 50 mL).The dye adsorption
(%) at any instant of time was determined by the follow-
ing equation:

Dye adsorption (%) = (C, - C,) x 100/ C_

Where C_ is the initial concentration and C, is the
concentration of the dye at equilibrium. To increase the
accuracy of the data, each experiment was repeated three
times and average values were used to draw the graphs.

3. Results and Discussion

Surface characteristics of the samples SEM provides infor-
mation on the micro-surface structures, as shown in
Figure 1. Very uniform particles with a favorable morphol-
ogy could be observed for the a.-Fe O,/NiS, as seen from
the high magnification image in Figure 1(a), which sug-
gests that a core material of pure a-Fe,O, was uniformly
enclosed or overlapped with nanoscale NiS particles via
the hydrothermal reaction. For obtaining detailed and high
magnification images of the surface nanostructures and
particle sizes of the a-Fe,O,/NiS, TEM analysis was per-
formed, as shown in Figure 2. From the high magnification
TEM images of Figure 2(a), it is observed that the a.-Fe O,/
NiS particles exhibit uniform size distribution, and the
a-Fe,O, particles are cube-shaped with the size of ~20 nm.

The Fourier Transform Infrared (FTIR) spectrum
of synthesized o-Fe,O,/NiS is shown in Figure 3. The
presence of some functional groups on the surface of
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Figure 1. SEM micrographs of a.-Fe O, (a), a.-Fe,O,/NiS (b).
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Figure 3. FT-IR spectra of a-Fe O, (a), a-Fe,O,/NiS (b).

the particles is obvious. The most significant peaks
appeared at 1310 cm™ and 1615 cm™ and are related
to the stretching mode of the carboxylic group ®. There
are other peaks at 1050 cm™ and 1685 cm™ that are
related to C-O and C=O respectively in the carboxylic
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group. Finally, the broad stretched peak at 3460 cm™
represents OH. The FTIR result clearly suggests that
a-Fe,O,/NiS synthesized in this method are capped by
some carboxylic groups which in previous studies were
attributed to citrate.
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The X-ray diffraction (XRD) pattern of synthesized
a-Fe O,/NiS (Figure 4) indicates that magnetite parti-
cles have a highly crystalline cubic spinel structure. The
diffraction peaks at 31.2, 35.4, 42.9, 54.1, 57.4, 63.1 and
67.4° responded to cubic Fe O, lattice, respectively. The
cubic spinel structure of Fe O, is proven by comparing
the XRD pattern with others reported in literature ' .

The efliciencies of photocatalytic processes strongly
depend upon the pH of the reaction solution. The removal
of Alizarin red-S dye was maximum at pH 5.0 was reported
88.3% and itisincreases from 4 to 6 from 74.2 to 89.3% and
decreases from pH 6 to 10 There is very slight difference
in the percentage removal at 4 to 6 (Fig.5). Therefore the
pH was fixed at 5.0 for the further experiment (Shimadzu
UV-1601 UV /vis spectrophotometer).

Initial dye concentration was one of the effective factors
on adsorption efficiency. The percentage of Alizarin Red S
adsorption was studied as a function initial dye concentra-
tion of in the range of 10-100 ppm. The results obtained are
present in Figure 6. The percentage adsorption increases
with increase in initial concentration of the dye for a.-Fe, O,/
NiS. It was observed that adsorption yield increased with
increase in initial concentration of the dye. Minimum
adsorption was 38% for 10ppm concentration to maxi-
mum adsorption value 91% for 100 ppm concentration of
dye solution. This may be due to available active sites and
increase in the driving force of the concentration gradient,
as an increase in the high initial concentration of the dye.

In slurry photocatalytic processes, catalyst dosage is
an important parameter that has been extensively studied.
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Figure 4. XRD of a-Fe O, (a), a-Fe,O,/NiS (b).

100

80

Hed

el
N

Hed

40

Removal (%)

[ 2]

5

o
e
[

Fee
e

6 7 8 9 10 11

Initial pH

Figure 5. Effect of pH.
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Figure 6. Effect of adsorbent dose.
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Figure 7. Effect of initial concentration.

The rate of photocatalytic reaction is strongly influenced
by concentration of the photocatalyst. Heterogeneous
photocatalytic reactions are known to show propor-
tional increase in photodegradation with catalyst loading.
Generally, in any given photocatalytic application, the
optimum catalyst concentration must be determined, in
order to avoid excess catalyst. The results indicate that
the percentage removal of Alizarin red-S increases as the
adsorbent dose increases (Figure 7). Due to the increase
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in photocatalyst dosage the percentage of dye removal
also increases.

4. Conclusion

From the present study, we o-Fe,O,/NiS has been syn-
thesized is a good Photocatalyst for the removal of the
dyes from aqueous media. Optimum conditions for the
removal of Alizarin Red S with o-Fe O,/NiS are: 1 g of
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adsorbent, dye concentration 50 ppm, at 25°C and at pH
5.0.
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