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10. Objectives of the project

a) To prepare the ZnFe,O4, TiO/ZNFe;04, Ag-TiO/ZNFe;04, Au-TiO/ZNFe0y,
Pd-TiOJ/ZnFe,0y, AYSO, -TiO/ZNFe0,, GOIFGO, ZnFe0/GO, NrGO-TiO/ZNFeO,,
SrGO-TiO.//ZnFe,04 and BrGO-TiO./ZnFeOy.

b) To characterize the synthesized nanocomposites by using XRD, FT-IR, SEM-EDX
coupled with colour mapping, HR-TEM, UV-DRS and PL spectra studies.

c) To know the photodecolourization and photodegradation of pollutants against

prepared nanocomposites.
d) To check the degradation of the dye by UV light and solar light irradiation.

€) To achieve effective mineralization of Reactive yellow 86 (RY 86),

2,4-dinitrophenol and Ciprofloxacin by using the prepared nanocomposites.

11. Whether objectiveswere achieved: Yes
12. Achievementsfrom the project

We had prepared more than hundred photocatalysts and tested for their efficiency
toward various pollutant degradation, among them, 11 photocatalysts were found to be
efficient; hence, these 11 catalysts have been characterized. Most of these catalysts are
nano-sized and both solar and UV active material. All catalysts had been tested for dye,
phenol, drug degradation with UV and solar light.

13. Summary of thefindings

The research work involves the degradation and mineralization of synthetic dye, phenol
and drug present in industrial effluents by heterogeneous photocatalysis. Photodegradation
of various pollutants like Reactive Yellow 86 (RY 86), 2,4-Dinitrophenol (2,4-DNP),
Ciprofloxacin (Cip.) and real effluent collected from some nearby textile mill were

performed using different photocatalysts under UV/solar light irradiation.

e TiOyis the well known efficient photocatalyst which has been extensively used for
environmental protection, and it is still the most promising photocatalyst because of
its exceptional properties such as low cost, non toxic, inertness, high efficiently and
photostability. However, its large band gap (Eg = 3.2 eV) requires near UV light and



it absorbs only the very small ultra violet part of solar light therefore hampers the
applicability of photocatalysts in the large scale. However its unique properties can
be harnessed by doping/modification to design new materials (ZnFe,O,4, Ag, Au, Pd,
GO, NrGO, SrGO and BrGO) photosensitive to visible light.

The development of visible light photocatalysts has become one of the most
important topics in photocatalysis research today. Hence we have developed suitably
modified photocatalysts whose band gap energy will lie in such aregion where it can
be excited by solar radiation. These photocatalysts will be utilized effectively for the
treatment of wastewaters containing organic contaminants present in the wastewater

using solar light.

ZnFe,O,4 nanomaterial, nanocomposites like TiO,/ZnFe;04, Ag-TiO2/ZNFey0y4,
AU-TiOL/ZnFe,0s, Pd-TiO/ZnFe,0s Ag/SO~-TiO/ZnFe,0s ZnFe0,/GO, ternary
nanostructured photocatalysts like NrGO-TiOx/ZnFe,O,4, SIGO-TiO,/ZnFe,O4 and
BrGO-TiO,/ZnFe,O, were synthesized by facile hydrothermal method. The prepared
photocatalytic materials were characterized with X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM),
high resolution transmission electron microscopy (HR-TEM), UV-vis diffuse
reflectance spectroscopy (UV-vis-DRS) and photoluminescence spectroscopy (PL).
The photocatalytic activity was evaluated using dye, pollutant and drug as a
model organic compound. The reaction pathway and mechanism of free radical
induced mineralization of pollutants in presence of artificial UV light, natura
sunlight and photocatalyst was evaluated by monitoring the temporal evolution of

intermediates in the solution.
The outcomes of the present study are

Photocatalytic degradation of all pollutants (RY 86, 2,4-DNP and Cip.) was
facilitated by the presence of catalyst. Experimental results showed that initial rate of
photomineralization of each pollutant increased with enhance in catalyst load up to
an optimum loading. Further increased catalysts load showed no effect.

The degradation rate for all the pollutants was found to be pseudo-first order with

respect to their concentration within the experimental range.



The increased photocatalytic activity of noble metal loaded M-TiO,/ZnFe,O4
(M = Ag, Au, Pd) due to the illumination with UV /solar light, the photogenerated
electron experiences a vectorial transfer from CB of TiO; to CB of ZnFe;O,4 as CB of
ZnFe,O4 has a higher positive potential. This transfer increases the charge separation
efficiency. Further the nobel meta like Ag, Au, Pd can trap the electron
photogenerated electron from both TiO, and ZnFe,O, and reduces the recombination
of electron-hole pair. By these two processes the lifetimes of electron and hole
increase, leading enhanced photocatalytic activity. M-TiO,/ZnFe,O, was found to

stable and reusable up to five runs.

The enhanced photocatalytic activity of non-metal loaded XrGO-TiO./ZnFe,O,
(X =N, S, B) due to the excited electrons on irradiation migrate to the conduction
band of ZnFe,O,; from there, the eectrons get transferred through XrGO (X =N, S, B)
medium toward reaction site and form superoxide radica anion with dissolved
oxygen. This helps to reduce the electron hole recombination. Hydroxyl radicals
produced after holes reacting with water. The hydroxy! radical and superoxide radical
anion degrade the pollutants into products such as CO,, H,O, and mineral acids.

ZnFe,O4 nanomaterial was synthesised and used as Fenton like photocatalyst for
the mineralization of the pollutants quickly by using H>O, as oxidant to degrade
the pollutants. Fe** on the surface of ZnFe,O, can be photoreduced to Fe** and
simultaneously initiate the reaction to produce *OH in the presence of H,O..
*OH radicals can oxidize the pollutant molecules. This cycle is continued throughout
the period that the H,O- is present. Finaly, the pollutant molecule can be mineralized
into CO, and H,0.

GO-ZnFe,O, nanocomposite was synthesised and used as heterogeneous Fenton like
photocatalytic degradation of pollutants quickly by using H,O, as oxidant.
The enhanced efficiency of the GO-ZnFe,O, composite in the degradation of
pollutants presumably results from the following reasons. Firstly, graphene oxide (GO)
improves the adsorption of dye and H,O, due to its large surface area and the
presence of oxygen-containing functionalities on the surface of the catalyst.
Secondly, H,O, can act as an efficient electron scavenger to form *OH on the surface

of the graphene oxides, which not only enhances oxidation ability but also fleetingly



reduces electronic accumulation on the surface of graphene oxides. Generaly, in
heterogeneous Fenton-like catalysts, a Lewis acid, which is associated with iron
could facilitate the reduction of the ferric ion by H,O, attracting the electron
density from the iron center. This facilitation will accelerate the whole Fenton-
like reaction as the reduction of ferric ion is the dominant rate-determining step of

the Fenton-like reaction.

14. Contribution to the society

The project finds high significance relevant to the wastewater treatment as the
results can make revolutionary changes in the concept of wastewater treatment.
Utilization of solar energy is a cost effective method for wastewater treatment. This
study will provide the data on various semiconductor nanocomposites and their
efficiencies in the detoxification of organic pollutants wastewater. Central Pollution
Control Board, State Pollution Control Board and various research organizations that are
engaged in this field can make use of the results of these studies. Study on pilot scale
treatment can be used by the industries to design their effluent treatment plants.

15. Whether any Ph.D. Enrolled/Produced out of the project

Yes. The project fellow Mr. P. Suppuraj, Registered Ph.D. in Department of Chemistry,

Annamalai University.
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