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Textile industries discharge wastewater in huge amount that contains several toxic contaminants, especially organic dyes. Organic
dyes present in wastewater have many adverse effects on environment as well as on living organisms including human beings. The
generation of a nanocomposite to trap the toxic organic dyes from wastewater is highly recommended. Herein, we report the
preparation of graphene-iron-titanium oxide (GFT) nanocomposite using simple, practical, and cost-effective protocol. The
prepared tri-nanocomposite was successfully recognized by employing several analytical techniques. Morphology of the
prepared nanocomposites was assessed by SEM coupled with EDS (energy dispersive spectroscopy). HRTEM was used to
measure the size of the nanocomposites with shape and morphology. The UV-visible absorption spectra of the nanocomposites
were recorded by a UV-visible spectrophotometer. Finally, the crystal structures of the nanocomposites were confirmed by
XRD. Moreover, we proposed a plausible mechanism to demonstrate the catalytic activity of GFT oxide nanocomposite for the

degradation auramine (AM) dye via a heterogeneous Fenton process.

1. Introduction

Water is responsible for the origin of life on the planet earth
as well as it is necessary too for the existence of all lives. Due
to the prevalence of industrialization, urbanization, and
population explosion, the natural water reservoirs have been
contaminated by different types of heavy metals, pharmaceu-
ticals, chlorinated hydrocarbons, and organic dyes [1-3].
Therefore, extensive efforts are highly desirable to protect
natural water resources from pollutants as well as to supply
clean water to living beings. In this context, to provide a
healthy and safe future to our generations, numerous system-

atic strategies for removal of pollutants from wastewater were
reported such as membrane filtration, coagulation, electro-
chemical treatments, chemical precipitation, solvent extrac-
tion, flotation, evaporation, adsorption, biosorption, reverse
osmosis, and ion exchange [4-9]. Among the aforemen-
tioned strategies, adsorption is regarded as one of the most
explored strategy for removing contaminants from wastewa-
ter [10]. Adsorption method has shown several advantages
due to simple and smooth process, great removal perfor-
mance, economically feasible, and having substantial option
of adsorbent materials. Many natural materials have previ-
ously been exploited for the adsorption of contaminants
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from wastewater [11]. Although, these natural adsorbents
have still some limitations like low adsorption capacities
and inconveniences in separation process. The scientific
community declares the twenty-first century as “Pollutant
Removal Age;” therefore, the exploration of novel potential
adsorbents is need of the current situation.

Organic dyes, one of the most common water pollutants,
have been enormously employed for the production of
textiles, plastics, papers, and leather tanning [12-14]. Dyes
are usually aromatic in nature and hence difficult to degrade
in aquatic environments consequently imparts the adverse
effects to microflora and fauna [15, 16]. Dyes also incorpo-
rate in the food chain via water sources as well as impose
the toxicity on health of living things [17]. Nearly 15% of
the dye is unplaced during the process of dyeing; hence,
the expulsion of organic dyes from polluted water has
become a considerable concern globally [18]. Graphene-
based composites as adsorbents have screened extensively
by the researchers for the removal of dyes [19, 20]. The
exposure of nanotechnology and its implementations is con-
sidered as a breakthrough idea in the area of science and
technology. Nanomaterials have attracted the significant
attention due to their numerous advantageous applications
in diverse fields of science. They have successfully used in
antibacterial activity [21], wastewater treatment [21], anti-
corrosive property [22], sensing [23], imaging [24], and drug
delivery system [25]. Extensive researches have been
conducted for the preparation and applications of various
nanomaterials to remove contaminants from wastewater.
Nanomaterials like carbon nanotubes, metal oxides, and
graphene have offered an innovative anticipation to the
treatment of wastewater. Graphene, a one-atom-thick two-
dimensional layered structure with sp* -hybridized carbon,
is the profoundly explored compound worldwide due of its
characteristic mechanical, chemical, electrical, and optical
features. The oxidation of graphite results in the accumula-
tion of oxygen functionalities such as hydroxyl, carbonyl,
and epoxy groups in the graphene layer to form GO. It has
a sp” hybridized carbon structure that is the base for 0D
buckyball structures, 1D nanotubes, and 3D graphite.
Graphene, due to its great theoretical surface area, has
employed as an advantageous nanoadsorbent for environ-
mental applications [26]. The generation of graphene oxide
(GO), oxidized form of graphene, is occurred after incorpo-
ration of plentiful oxygen-possessing functional groups to
graphene [27]. Its three-dimensional honeycomb macro-
structures and monolayer of carbon having sp® hybridiza-
tion provide the characteristics to form composites with
other nanomaterials [28]. Graphene nanocomposites have
been explored well for their great surface area, flexibility,
large adsorption potential, and great thermal as well as elec-
trical conductivity [29, 30]. The aforementioned characteris-
tic factors make it an appropriate material to be designed as
a nanohybrid that behaves as a photocatalyst [31-34]. 3D-
GO macrostructures have also been applied for isolation of
organic dye from wastewater [35]. In viewpoint of technical
as well as commercial values, titanium dioxide (TiO,) and
zinc oxide (ZnO) are extensively explored photocatalysts
with excellent potency for the removal of dyes [36, 37].
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The current scenario of research inspires to explore the
highly systematic as well as cost effective photocatalyst with
composite nanomaterials for the treatment of wastewater.
The literature also supported that graphene oxide-driven
composites have been explored well for the degradation of
anionic as well as cationic organic dyes. Therefore, in the
present study, we wish to report the preparation of graphene
composites and their utilities in treatment of wastewater,
and the contamination caused organic dyes.

Here, iron and titanium have been chosen to synthesize
nanocomposite with GO due its appropriate shape and size.
It has also been expressed its utility in several areas of
research such as in solar cell [38], sensor [39], and lumines-
cent [40], electrical [41] applications. GO particles of nanor-
ange have great specific surface area as well as sufficient
numbers of active sites where the pollutant molecules
actively react with photo-generated charge carriers. GO pos-
sesses hydroxyl as well as carboxyl groups [42] that exhibits
super dispersibility in solvents and consequently furnishes
highest possibilities for the fabrication of graphene-iron-
titanium nanocomposite. Various composites have been
extensively employed in treatment of environmental pollu-
tion [43]. Numerous reports are available where graphene
oxide nanocomposites were exploited as a photocatalyst
[44, 45], supercapacitor [46], an adsorbent [47], etc. In this
report, we prepared GFT oxide nanocomposite by adopting
simple and practical protocol.

2. Experimental

2.1. Materials. Graphite powder was procured from global
nanotech Nagpur, sulfuric acid (98%), NaNO,, KMnO,,
H,0,, HCI obtained from Merck, Mumbai. Ferrous sul-
phate, ferric sulphate, TiO, nanowires, and triple distilled
water were used for overall reaction studies.

2.2. Method. First of all, GO was synthesized via oxidizing
graphite applying modified Hummers’ protocol [48]. Next,
graphite powder (1g) and of NaNO, (1g) along with con-
centrated sulfuric acid (25mL) were taken in an ice bath
under uninterrupted stirring for 1h followed by dropwise
addition of 3g of KMnO,. Then, distilled water (60 mL)
was added dropwise, the temperature was raised to 90°C,
and this elevated temperature was maintained for 30 min.
At last, deionized water (140mL) was added, followed by
the slow addition of H,0, solution (10mL). Then, the
graphene oxide material was isolated after the process of
centrifugation and this separated GO material was washed
with 0.1 M HCI and deionized water until pH 7. Ultimately,
the powder was dried under vacuum at 60°C for 12 h. Tita-
nium oxide (TiO,) nanowires and Fe,O, nanoparticles were
generated using the literature recommended protocols with
an appropriate modification.

For preparation of TiO, nanowires, P25 (1.0g) and 10 M
NaOH (130mL) were taken in a teflon-lined stainless-steel
autoclave, and the temperature was maintained at 160°C
for 16 h with uninterrupted stirring. Next to hydrothermal
reaction, the washing of floccules was done inside the auto-
clave using 0.1M HCI solution and deionized water
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FIGURE 2: Band gap determination of GFT by linear extrapolation.

alternately until pH reached to approximately 7. The
production of anatase-TiO, nanowires was completed after
filtration and vacuum-drying of the materials at 60°C for
12h then the calcination was done for 2h at 400°C with a
ramp rate of 2°C/min.

For the generation of Fe,O, nanoparticles, 0.15M
FeCl;-6H,0, isopropanol (65mL), and NTA solution were
taken in a teflon-lined autoclave and heated at 170°C for
24h. Next to cooling, the washing of floccules was done
using ethanol and deionized water alternately followed by
vacuum-drying at 60°C for 12h. Finally, calcination was
done at 450°C for 3h with a ramp rate of 2°C/min.

2.3. Synthesis of GFT. The synthesis of TiO, nanowire/Fe,O,
nanoparticle/GO sheet composite was done by adopting
one-step colloid blending protocol. In a representative pro-
cess, TiO, nanowires (100mg), appropriate quantity of
Fe,O; nanoparticles and GO sheets were sonicated with each
other within 150 mL deionized water for 1 h then the process
was completed after overnight mixing to generate a homoge-
neous solution.

2.4. Characterization Study. Morphology of the prepared
nanocomposites was assessed by SEM coupled using EDS
(energy dispersive spectroscopy). Sample loading into
adhesive copper tape was done for elementary analysis

with EDS. HRTEM was employed to assess the size of
the nanocomposites with shape and morphology. A UV-
visible spectrophotometer (Cary win UV-Bio 50) was used
to record UV -visible absorption spectra of the nanocompos-
ites. Finally, the crystal structures of the nanocomposites
were confirmed by XRD, with Cu K« radiation operated at
40 mA in the 20 range from 10" to 70" at a scan rate of 1°/min.

3. Results and Discussion

3.1. Characterization Studies. Figure 1 narrates UV-visible
absorption spectra of prepared GFT oxide nanocomposites.
Maximum wavelength (A max) achieved at 230 nm for GO,
423 nm for TiO,, and 407 nm for FeO. Band gap is simply
calculated by the following equation.

1240/wavelength = hv. (1)

According to equation (1) and by extraplotation of
Figure 2, band gap was obtained as 2.1 eV. A band gap refers
to the energy difference in semiconductors between the top
of the valence band and the bottom of the conduction band
using band gap energy of amorphous semiconductors using
optical absorption spectra.

Figure 3 depicts XRD spectrum of GFT oxide nanomate-
rial. It assists to know out crystal size, basic crystal features,
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FIGURE 3: XRD spectrum of as synthesized GFT oxide nanocomposite.
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FiGURE 4: SEM image of as synthesized GFT nanocomposite with different magnification.

lattice, plane, interlayer spacing, microstrain, etc. A sharp
and intense peak with 20 at 10.86°, 27.79°, and 36.46°,
respectively. Peak at 10.86° indicates presence of graphene
oxide with 001 plane, while rest other peaks 27.79° and
36.46° resemble to iron oxide and titanium oxide, respec-
tively. Presence of most intense peak reveals maximum
presence of GO in nanocomposite.

SEM images as shown in Figure 4 reveals rough surface
of as prepared GFT oxide nanocomposite. It indicates
porous structure with various active sites, which made it
more suitable for catalysis.

EDX spectrum of confirms the presence of C, Fe, O, and
Ti atoms in prepared GFT oxide nanocomposite. It is clearly
seen in inset table (Figure 5) and percentage of GO is greater
than Ti and Fe.

The HRTEM images of various magnification from
0.5 um to 20nm (Figures 6(a)-6(e)) clearly show that TiO,
nanorods and iron oxide nanoparticles are spread over the
graphene sheets. SAED pattern (Figure 6(f)) of as synthe-
sized GFT oxide nanocomposite shows crystalline nature
of prepared material, and it is quite resembled to XRD data.

Figure 7 shows TGA spectrum of GFT oxide. At lower
temperature, there is no significant changes have been
observed in nanocomposite. The degradation occurs after
200°C, this can be attributed to the intercalation/exfoliation,
from 200-500°C, there is little loss is seen and after that
composite is almost stable at higher temperature.

Figure 8 shows FT-IR spectrum of GFT oxide nanocom-
posite demonstrates a broad band at 3416.11cm™" and the
band at 1627.69 cm ™' appears due to the surface-adsorbed
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water, and this infers the presence of —OH functional
groups. Comparatively, the band at 2854.10-3172.82cm™"
denoting the presence of H-bonding in the produced nano-
composite. Reduction of hydrazine results in the incorpora-
tion of nitrogen moieties onto graphene, the OH groups
available on the surface of titanium could generate H-

51/nm

6]
F1cure 6: HRTEM image of as synthesized GFT oxide nanomaterial, (a)-(e) 0.5 um to 20 nm, (f) crystal fringes obtained from SAED pattern.

bonds with the NH groups present on the graphene sheets
to produce the composite. Moreover, extra band at
1122.81cm™" is appeared in the spectrum observed for
GFT oxide nanocomposite, and this can be indicated to Ti-
O-C-Fe vibrations. Because hydrazine is unable to execute
a full reduction of graphene oxide, the Ti-O-C bond may
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FiGURE 8: FT-IR spectrum of as synthesized GFT oxide nanocomposite.

be generated when OH groups available on TiO, react with
residual OH groups present on the graphene sheets in
removing water. Table 1 summarizes all FTIR results.

3.2. Degradation of Dye by Fenton’s Process. The degrada-
tion/abatement studies provide an information for the effi-
ciency and mechanism of a process. Present work done at
the optimal conditions for AM dye solution. Figure 9 shows
the abatement of AM at different oxidation conditions, i.e.,
H,O, alone, GFT alone, and GFT + H,O, (heterogeneous
Fenton) by decrease in absorbance at 510nm with the
passage to time. Figure 9 shows that H,O, and GFT alone
are unable to effectively remove the AM dye from aqueous
solution. With the heterogeneous Fenton process
(GFT + H,0,), maximum removal is achieved in 240 minutes.

3.3. Mechanism of Fenton Degradation. Fenton process is
regarded as one of the most fruitful progressive catalytic pro-
cesses for the removal of many toxic organic pollutants from
wastewater. The reaction between aqueous ferrous ions and

TaBLE 1: FTIR spectrum of all functional groups present in GFT
nanocomposites.

Band (cm™) Functional group
424.67 Graphene oxide
471.87 Iron oxide
607.99 Titanium oxide
1053.03 Alcoxy C-O
1122.81 Ti-O-C-Fe nanocomposite
1384.50 Phenolic C-O-H
1497.80 Epoxy C-O
1627.69 Surface adsorbed water
1728.04 Carboxyl C=0
2854.10 H bonding
2922.76 H bonding
3172.82 H bonding
3416.11 Surface adsorbed water
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FIGURE 10: Plausible mechanism for degradation of dye by heterogeneous Fenton reaction.

hydrogen peroxide (H,0,) generates hydroxyl radical (-OH),
and it can degrade refractory as well as hazardous organic
pollutants in wastewater [49]. Hence, scientific community
is paying more attention on Fenton processes for removal
of contaminants from wastewater. Recently, various modifi-
cations have been executed on homogeneous and heteroge-
neous Fenton processes to attain maximum efficiency
[50-52]. It has been observed that the degradation process
is significantly enhanced after introduction of metal oxide
as a heterogeneous catalyst [53-57]. A considerable advan-
tage of heterogeneous Fenton reaction is its applicability

over a broad range of pH to destroy organic pollutants pres-
ent in wastewater.

On the basis of literature reports and observations,
herein, we proposed a plausible mechanism for Fenton pro-
cess (Figure 10). Central carbon atom of cationic dye acts as
an electrophile. In Fenton process, the generated radical acts
as a nucleophile. This nucleophile attacks the electrophile to
break it into small molecules. Several radicals are reported in
Fenton’s process, but “OH mostly destroys the quinone moi-
ety of dye very efficiently. GFT generates a hole as well as an
electron after irradiation of sunlight. Photoelectron jumps to



the conduction band consequently a hole is generated in the
valance band. Next, the generated hole reacts with an aque-
ous reaction mixture to furnish hydroxyl radicals. Then,
after the reaction of electrons from the conduction band
with dissolved oxygen, superoxide radical anion (eO,’) is
generated. As per the oxidation potential of superoxide
radical anion and hydroxyl radical, hydroxyl radical is more
responsible and hence the dye is decolorized efficiently
(Equation (2)-(7)).

(Nanocomposites as catalyst) + H,0, — (CB) e” + (VB) h",

(CB)e™ + 0, — 0, (radical), (3)
0,” + H,0 — HO, + OH", (4)
(VB)h" + OH™ — OH’ (adsorbed), (5)
(VB)h* + HO,” — °OH' + H*, (6)

Ultimately, oxidation of dye molecules yields water
and CO,.

°OH’ + O, + Dye molecules — CO, + H, 0, (7)

4. Conclusion

In this study, GFT oxide nanocomposite has been synthe-
sized as well as characterized successfully. XRD and SAED
patterns confirm its crystalline behavior. Rod-like shape of
titanium oxide and oval shape iron oxide nanomaterial
spread on GO sheets is clearly seen in SEM images. Stability
of prepared GFT oxide nanocomposite was determined by
TGA and confirms its stability at higher temperature. As
per environmental concerns, the synthesized nanocomposite
was exploited as catalyst for removal of organic dye in
Fenton process and the results showed that the catalytic effi-
cacy of synthesized nanocomposite was found to be adequate.
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