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The removal of tartrazine dye from aqueous solution using g-C;N./Fe;O4 nanocomposites was studied. The g-C;N./Fe;O4 nanocomposites |
were synthesized using simple co-precipitation method. The synthesized nanocomposites were characterized by spectral (UV-Vis DRS,

FT-IR) and analytical (PXRD, SEM, EDAX, HRTEM) techniques. Photodegradation of tartrazine dye using the synthesized catalyst was |
studied. The g-C;N4/Fe;0. nanocomposites exhibited excellent photocatalytic performance by degrading tartrazine (90%) at 0.1 g/L of |

|

| catalyst and 20 uM initial dye concentration at pH 3. The excellent performance by the catalyst was attributed to the highest electron hole |
| pair generation. The kinetic study revealed that the photodegradation of tartrazine obeyed pseudo first-order kinetics.

|

Keywords: g-CsN./Fe;0, nanocomposites, Tartrazine degradation, Photocatalyst, Electron-hole pair, Pseudo first order kinetics. |

INTRODUCTION

Environmental pollution is one of the major problems being
faced by the 21st century world. Among the various pollutions,
contamination of water resources possess a serious threat to
the mankind. Dyes which appear in the effluents left from various
textile, leather, food processing, paper and dye manufacturing
industries play a major role in polluting the water resources
around the globe. These coloured effluents not only create
environmental hazards but also forms a major threat to aquatic
and human life. For example, reports are there about azo and
nitro compounds been reduced in sediments of aquatic bodies,
which form carcinogenic amines [1-9].

Tartrazine is a yellow dye used in cosmetics, medicines,
soft drinks, puddings, ice cream, candy and other numerous
food items. Tartrazine is used instead of B-carotine since, it
achieves similar colour as well as cheaper than B-carotine.
Tartrazine can induce asthma, behavioural abnormalities, thyroid
cancer, migrane, efc. Besides its water soluble nature accel-
erates the contamination of water bodies since, it constitutes a

major part in industrial effluents discharged into water bodies
[1,10-12]. Conventional methods like biological treatment,
chemical oxidation, physical adsorption, membrane separation
[13,14]are applied for the degradation of pollutants. Never-
theless these methods have shortcomings such as low effici-
ency, incomplete degradation, which leads to the secondary
pollution, limited scope of use, high energy consumption [15].
In this context, the relevance of advanced oxidation processes
comes to play.

Advanced oxidation processes (AOP) are environment
friendly techniques which can remove a wide range of pollu-
tants in air, water, petroleum hydrocarbons, pesticides and so
[16]. AOPs generate reactive oxygen species like hydroxyl
radicals with one unpaired electron, which possess shorter life
time. This makes them to react rapidly with various chemical
species which are difficult to degrade. And this forms thermo-
dynamically stable oxidation products such as carbon dioxide,
water and other biodegradable organics [17-19]. Photocatalysis
is a key route to degrade organic pollutants, which are difficult
to decompose to benign components. Efficiency of photocatalyst
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depends on its ability to generate electron-hole pairs, which
can create free radicals to react with dyes and other organic
pollutants [20-22].

Semiconductor materials are extensively used as photo-
catalysts to degrade organic pollutants under visible light
irradiation. Their excellent charge transfer ability makes them
a promising candidate for photocatalytic applications [23-25].
Nevertheless fast recombination of photogenerated electron-
hole pairs, reduced electrical conductivity, poor visible light
response, efc. are some challenges for these materials [26,27].
This can be overcome by selected modifications on these semi-
conductor catalysts and improve their performance. Graphitic
carbon nitride (g-CsNy) is an n-type metal free polymeric semi-
conductor with a unique 2D structure with band gap 2.6-2.7
eV [28]. Pure g-CsN4possess rapid recombination of photo-
generated electron-hole pairs, lowered electrical conductivity,
deprived visible light response, etc. But incorporation with
various nanomaterials like metal oxides, carbon materials, etc.
can reduce the electron-hole recombination rates and there-
by improve its efficiency as photocatalyst [29-31].

In present work, the g-C;N./Fe;O, nanocomposites were
synthesized using simple co-precipitation method and charac-
terized by various spectroscopic, analytical and morphological
techniques. Photocatalytic applications of the synthesized nano-
composite was evaluated by taking tartrazine as the model dye
and the obtained results were compared with other photo-
catalysts and found that synthesized catalyst exhibit excellent
catalytic activity.

EXPERIMENTAL

Thiourea, ferric chloride, hydrochloric acid and sodium
hydroxide were purchased from Merck Co., USA. The che-
micals were of analytical grade and used without further
purification. Double distilled water was used throughout the
experiment.

Synthesis of g-C;N4: The graphitic carbon nitride was
synthesized by calcination of thiourea. Thiourea (10 g) was
added in to a semi-closed alumina crucible and heated to 550
°C at a heating rate of 15 °C min™ in a muffle furnace for 2 h.
Followed by the reaction, alumina crucible was cooled to room
temperature. The resulted bulk g-C;N, was collected and
grounded in to powder.

Synthesis of Fe;O4: The Fe;O. nanoparticles were synthe-
sized by following the simple co-precipitation method. Initially,
5 g of FeCl; was dissolved in 100 mL diluted HCI followed by
continuous strirring. The NaOH solution was added until com-
plete precipitation (solution pH value 5-8) was obtained. After
stirring for another 3 h, the precipitate was filtered and washed
thoroughly with distilled water. Finally, the precipate was dired
at 100 °C for 1 h and calcinated at 450 °C for 3 h to obtain Fe;O,
nanoparticles.

Synthesis of g-C;N4/Fe;O, nanocomposite: The g-C;N,-
Fe;0, nanocomposite have been synthesized by following the
simple co-precipitation method. The Fe;0, (4.7890 g) and
g-C3N, (0.9768 g) were dissolved in 20 mL of ethanol. The
obtained mixture was sonicated for 0.5 h and followed by
stirring for 3 h. The attained precipitate was filtered, washed with

ethanol and double distilled water for several times. Further,
it was dried at 100 °C in hot air oven for 1 h followed by calci-
nation at 450 °C for 3 h to obtain finely powdered g-CsN4/Fe;0,
nanocomposite.

Characterization: The structure and phase details of the
samples were determined by X-ray powder diffraction with
CuKo radiation at 25 °C using XPERT PRO. Functional group
analysis of synthesized samples were carried out by Bruker
TENSOR II ATR FTIR in the range 4000 to 400 cm™ with a
resolution of 4 cm™ (IR Affinity-1) using KBr-nanocomposite
mixture in the form of pellets.

The UV-Vis diffuse reflectance spectral measurements for
dry-pressed disk samples were carried out in a JASCOV-550
double beam spectrophotometer with PMT detector equipped
with an integrating sphere assembly, using BaSO,as a reference
sample. The spectrum was recorded at room temperature in the
wavelength range from 200 nm to 800 nm. The surface morph-
ology was analyzed by scanning electron microscopy using JM
6701F-6701 instrument in both secondary and backscattered
electron modes. The elemental analysis was conducted by an
energy dispersive X-ray spectroscopy (EDX) attached to the
(SEM).

Photocatalytic measurements: The photocatalytic activ-
ities of the as-synthesized samples were evaluated by the degra-
dation of tartrazine under visible light irradiation. Photocatalytic
experiments were carried out in an immersion type photo-
reactor. Tartrazine (300 mL) with certain amount of photo-
catalyst was taken in a cylindrical glass vessel, which was
surrounded by a circulating water jacket to cool the lamp. Air
was bubbled continuously into the aliquot by an air bump in
order to provide a constant source of dissolved oxygen. Before
light irradiation, the reaction mixture was stirred in dark for
0.5 h to achieve the adsorption-desorption equilibrium between
the catalyst and the dye molecules. The simulated solar light
irradiation was produced by a 300 W Xenon arc lamp. Aliquot
(5 mL) was collected at regular time interval of 30 min during
the course of light irradiation. The samples were centrifuged in
order to remove the photocatalyst and the filtrate was analyzed
by UV-visible spectrometer at Am.x = 425 nm to calculate the
residual methylene blue concentration. The photodegradation
of tartrazine was calculated as follows:

Photodegradation (%) = COC

x100

[}

where, C, = concentration of phenol before irradiation time;
C = concentration of phenol after a certain irradiation time.

RESULTS AND DISCUSSION

PXRD analysis: The crystal structures of Fe;O4, g-C3Ny
and g-C;N,/Fe;O, nanocomposites were analyzed by X-ray
diffraction. A weak peak at 11.8° and other strong peak at 27.5°
obtained for g-CsN4correspond to (100) and (002) planes, which
attributes to the in-plane structural arrangement of tri-s-triazine
units and the interplanar stacking of the conjugated aromatic
systems, respectively. The structure of synthesized nanoparticles
is cubic face centered according to the JCPDS value of g-C;N,
which is 87-1526 [32]. It can be seen that there is a series of
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very broad diffraction peaks in XRD pattern for Fe;O4 nano-
particles. Fig. la-c displays XRD patterns of g-CsNa, Fes;Os,
g-C3Nu/Fe;04, where the peaks of Fe;O, crystal phase at 20 =
30.8°, 33.34°, 35.89°, 43.64°, 53.2°, 55.9° [33].
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Fig. 1. XRD image of (a) g-CsN,, (b) Fe;0, and (c) g-CsN4/Fe;O,nanocom- Fig. 2. FT-IR spectra of (a) g-C3N4, (b) FesO4 and (c) g-CsNu/Fe;0,
posites nanocomposites

FT IR studies: The FT-IR spectra of pure g-C;N,, pure
Fe;0, and g-C;N4-Fe;0, hybrid nanocomposites are shown in
Fig. 2. In FT-1IR spectrum of g-C;N, (Fig. 2a), the broad band
between 3000 and 3300 cm™ is indicative of the N-H stretching
vibrations and of O-H stretching vibrations of the physically
absorbed water molecules. Strong bands observed between
1400 and 1700 cm™ are attributed to C=N heterocycles. Another
characteristic peak at around 800 cm™! corresponds to the triazine
units in g-C;N, [34]. The strong Fe-O band between 550 and
600 cm™ is clearly visible at pure Fe;O, [35] (Fig. 2b) and the
g-C5Ny-Fe;O4 hybrid nanocomposites (Fig. 2¢). But the charac-
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teristic peaks for g-C;N, are absent or diminished in the comp-
ound suggests the reduction of g-C;Nj.

UV-vis-DRS studies: The UV-vis DRS of pure g-C;N,,
Fe;0, and g-C;N4/Fe;O, nanocomposites are shown in Fig. 3. It
shows a sharp edge in the absorption intensity of pure g-C;N,
at430 nm [36]. The figure also shows that g-C;N./Fe;O4nano-
composites displays the more intense visible light absorption
ability with a significant red shift which is resulted from the
junction formation of pure g-C;N, with the Fe;O, with narrower
band gap. And the results also shows that more photo induced
charges were generated when the nanocomposite was excited
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Fig. 3. UV-Vis-DRS spectrum of i) g-CsNy, ii) Fe;O4 and iii) g-C3N4/Fe;04 nanocomposites (a) and Tauc plots of (i) g-C3Ny (ii) Fe;Os, (iii)

g-C3N4/Fe;0, nanocomposites (b)
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under visible light irradiation and resulted in superior photo-
catalytic performance [37].

(ohv)" = B(hv — E,) (2)

where h = planck constant, o = absorption coefficient, v = photon’s
frequency, E, =band gap energy and B = proportionality constant,
respectively. The value of ydepends on the transition and is ¥2
for direct and 2 for indirect transition band gaps [38]. The E,
values were estimated by extrapolation of the linear part of
the curves obtained by plotting (othv)* versus hv. The E, values
of the samples obtained are between about 2.6 eV, 1.6 eV and
1.5 eV for pure g-C3N4, Fe;04 and g-C3N4/Fe;0O4 nanocompo-
sites, respectively.

SEM and EDX studies: Morphology of the as-prepared
samples was investigated using SEM analysis and the results
are shown in Fig. 4. The as-prepared g-Cs;N.and Fe;O4 nano-
particles exhibit flakes and agglomerated sphere structures
(Fig. 4a-b). The SEM image of g-C3N,Fe;O, nanocomposite
shows deposition of the Fe;0, on g-C;Nsindicated by the flakes
with sphere like morphology (Fig. 4c). The EDX spectra also
recorded to confirm purity of g-CsN4, Fe;0, and g-C3N4/Fe;0,
nanocomposites and the result are given in Fig. 4d. It can be
seen clearly that the existence of C and N elements in g-C3N4
and C, N, Fe and O elements in g-C3;N4Fe;04 nanocomposites.
Weight percentages for different compounds and elements in

11 28 SEI
Fig. 4. SEM images of (a) g-CsN4 (b) Fe;0.4(c) g-CsN4/Fe;04nanocomposites (d) EDX image of g-CsN4/Fe;0,

20kV  X140,000 1pm

g-C3NyFe;0,4 nanocomposite were calculated and are shown
in Table-1. It is evident that these values are similar to the
theoretical compositions.

TABLE-1
EDAX DATA OF g-C,N,, Fe,0,
AND g-C,N,/Fe,0, NANOCOMPOSITES

Element Weight (%) Weight (%) Sigma Atomic (%)
C 20.51 1.30 30.95
N 19.41 2.46 25.12
(0] 30.23 1.33 34.25
Fe 29.85 1.12 9.69

HRTEM studies: The high resolution transmission electron
microscopy analysis was carried out for g-C;N4/Fe;O4 nano-
composites and the images are shown in Fig. 5. The results
indicates that g-C;N./Fe;O,sample exhibited good crystalline
and clear lattice fringes. Fe;O4 nanoparticles are tend to be
close and connected to each other. After introducing Fe;Ou,
amounts of nanoparticles are mussily accumulated on the
surface of g-C;N, nanosheets, resulting in the formation of a
heterostructure. From the enlarge image of g-CsN4/Fe;O, nano-
composites two phases of g-C;N, (light part) and Fe;O, (dark
part) are clearly observed and closely in contact to form an
intimate interface, which further demonstrates that Fe;O, nano-
particles have well covered the surface of g-Cs;N..

g-C;N,/Fe;O,

2500 «

2000

1500 = Fe

Intensity (a.u.)
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Photocatalytic activity

Photodegradation of tartrazine: The photocatalytic per-
formance of the prepared nanoparticle (0.15 g/L) was investi-
gated by the degradation of tartrazine (20 uM) under visible
light irradiation. The photodegradation was monitored by
recording the absorbance of tartrazine (Amwx = 425 nm) as a
function of irradiation time. Fig. 6a shows the deviations in
absorption spectra of tartrazine using g-CsN4-Fe;0, at various
time intervals. It was noticed that the absorption intensity of
tartrazine decreases gradually with time and this indicates the
degradation of dye on the surface of g-CsN4-Fe;O,. The plot
of variations in tartrazine concentration (C/C,) against reaction
time for different catalysts are presented in Fig. 6b. This shows
that the tartrazine does not significantly degrade in the presence
of the photocatalyst without visible light treatment. Also, there
is no substantial degradation in the absence of photocatalyst
under light irradiation, which indicates the dye is resistant to
self-photolysis in aqueous medium under light irradiation. The
g-C3N,-FesO, composites showed better photocatalytic activity
(90%) than pure g-CsN, and Fe;O, indicating that g-C3N,doping

Fig. 5. HRTEM images of g-

e

C;3N4/Fe;0, nanocomposites

on Fe;O, played an important role in the enhancement of photo-
catalytic activity [39,40].

Photodecolorization kinetics of tartrazine: The kinetics
of photodecolorization of tartrazine was studied by conducting
the experiments under optimum conditions. In all experiments,
the decolorization followed pseudo first order kinetics (plots
of -In (C/Cy) vs. time showed linear relationship).

C
—In [C—J =kt (3)

0

where C = concentration of tartrazine remaining in the solution
at irradiation time t; C, = initial concentration at t = 0. First
order rate constant was evaluated from the slope of -In (C/Cy)
vs. time plots shown in Fig. 7.

Mechanism of tartrazine degradation by g-C;N,-Fe;O4:
The following mechanism can be proposed for the solar-light
driven photodegradation of tartrazine using g-C;N4/Fe;O,
nanocomposites as shown in Fig. 8. When the photocatalyst is
irradiated by visible light, electron-hole pair generates in Fe;O,
(narrow band gap semiconductor) and the photogenerated
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Fig. 6. Time dependent UV-vis spectral changes of tartrazine in the presence of under visible light irradiation (a) and photodegradation of
tartrazine in the presence of Fe;O4, g-C;N4 and g-C;N4-Fe;O, nanocomposites (b)
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Fig. 7. Kinetic regime on the photodegradation of tartrazine in the presence
of Fe;0., g-C3N, and g-CsN4-Fe;O,4 nanocomposites

Tartrazine + (.)H/&)2 w=t CO,+H,0

Fig. 8. Mechanism of tartrazine degradation by g-C;N4-Fe;O4

electrons of Fe;O, will easily be transferred to the conduction
band of g-C;N, (wide band gap semiconductor). This leads to
the electron-hole separation on the surface of the photocatalyst.
The electrons react with surface adsorbed O, to produce O3~
and holes react with H,O to create "OH. These reactive species
enhance the degradation of tartazine [41].

Effect of g-C;N4/Fe;04 dosage: The effect of catalyst on
the photodegradation of tartrazine was analyzed by varying
the concentration of g-C;N,-Fe;O, from 0.05 g/L to 0.3 g/L for
20 uM tartrazine and the results are shown in Fig. 9. It exhibited
the superior rate of degradation at g-C;N,-Fe;O, concentration
of 0.1 g/L. The rate of degradation was found to be increased
with the increasing concentration of nanocomposites from 0.05
to 0.1 g/L. And the highest degradation (90%) occurred at 0.1
g/L. This is due to the surge in the availability of active sites at
the surface of the catalyst. But a further increase in the catalyst
concentration resulted in a decrease in the degradation rate.
This may be attributed to the shielding of the penetrating light
by the excessive amount of catalyst [42].
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Fig. 9. Effect of g-C3N4/Fe;O4 dosage on the photodegradation of tartrazine
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Effect of initial tartrazine concentration: The influence
of initial concentration of dye in the photodegradation process
was analyzed by using various concentrations of dye ranging
from 20 to 40 uM for the constant catalytic concentration of
0.1 g/L. Fig. 10 showed that as the rate of degradation is inver-
sely proportional to the initial dye concentration. The highest
degradation (90%) occurred at 20 uM tartrazine. This may be
attributed to the reason that at higher dye concentrations, the
generation of reactive oxygen species at the catalyst surface is
reduced because of the hindrance created by the dye molecules
against the photons, which doesn’t allow them to react with the
active sites at the catalyst surface.

1.0 s 20 yM
—e— 30 uM
e 40 UM
0.8+
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O 064
[0 c
c o
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£ 0.4 8
]
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Fig. 10. Effect of initial concentration of tartrazine

Effect of pH: The effect of pH of solution on the photo-
degradation of tartrazine was studied by performing the reaction
under various pH ranging from 3 to 8 for dye concentration
20 uM and catalyst dosage 0.1 g/L and the results are shown
in Fig. 11. It was found that at lower pH, better photodegra-
dation was happening and highest degradation (90%) was at
pH = 3. As the pH increased from 3 to 8, the degradation per-
centage showed a decrease. The increased degradation in the
lower pH may be attributed to the higher number of protons,
which can protonate the reactive species and thereby enhance
the adsorption of dye molecules on the catalyst surface. Tartra-
zine is an anionic dye, so more positive charge on the catalyst
can enhance the adsorption of the dye molecules at the catalyst
surface [15,42].

Conclusion

The g-CsN4/Fe;0, nanocomposites were successfully synth-
esized by co-precipitation method as an efficient photocatalyst
for the removal of tartrazine dye from aqueous solution. The
as synthesized nanocomposite was characterized by various
spectroscopic, analytical and morphological techniques. The
g-CsN4/Fe;04 nanocomposite was studied for the photo-
degradation of tartrazine dye in aqueous solution and displayed
excellent results under the visible light irradiation compared
with pure g-C;N, and Fe;O, nanoparticles. The optimum catalyst

1.0 —a— pH 8
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@ 2
£ o
N N
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Fig. 11. Effect of pH on tartrazine degradation

loading for the highest degradation (90%) was observed as
0.1 g/L and the optimum initial concentration of dye as 20 um
in aqueous solution. The optimum pH for the photodegradation
to happen was found to be pH 3. The kinetic study revealed
that the photodegradation of tartrazine obeyed pseudo first-
order kinetics.
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