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ABSTRACT

Due to ever increasing demand of energy and due to the environmental pollution caused by energy
system based on fossil fuel, the scientific community has been driven to develop adequate clean
energy generating and storage technologies. Energy sources such as fuel cells, supercapacitors,
metal-air batteries, and lithium-ion batteries are non-polluting alternatives as compared to sources
of energy that are non-renewal such as fossil fuel. These clean energy source has arisen opportunities
for the researchers and scientific community to make them mainstream and more affordable for the
end consumers. Furthermore, it is desirable that these devices be efficient and cost-effective in order
to assure their penetrability in the energy market. The oxygen reduction reaction (ORR) is the rate-
determining step in metal-air batteries and fuel cells, for example, and the ideal catalyst is one that
helps with the reaction at low overpotential. However, in the special case of rechargeable metal air
battery, since ORR as well as OER are equally important and therefore catalyst's multiple roles
become even more important The energy efficiency of such electrochemical systems are greatly
impacted by the the electrode processes of ORR and OER and therefore it is very important to find
the right catalysts which are both energy efficient as well as cost effective. The electrocatalysts that
has been proven as most energy efficient in the ORR and OER reactions are the noble metals such
as platinum, iridium, palladium, and their alloys, however, as we know these noble metals are
extremely costly, rare and do not last long in adverse conditions. Because of their tunable properties
and ease of usage, first-row transition metals are widely investigated as feasible and cost-effective
alternatives to Pt for ORR. Some of the catalysts that are known to show very good energy efficiency
in ORR and OER are oxides of transition metals, oxynitrides, chalcogenides and their complexes.
There has been attempts to build hybrid catalysts, such as heteroatom doped carbon framework,
metal alloys and metal oxide composites, and it has helped to improve the performance significantly.
It i1s important to note that when N-doped graphene or N-doped carbon nanotubes were used as
supports for nanoparticles of the oxides of early transition metal like CoO, C0304, MnCo0,04,
ZnFe>04, CuCo204, NiFe hydroxides which has its size in nanometers, NiC0204, ZnC0204, and
CoO, the ORR and OER activity was exceptional. Other parameters such as shape and size of

particles, and also the dispersion of catalyst on a conducting substrate, as well as the involvement of



surface intermediates in the reaction process, are found to have a significant impact on the intrinsic
activities of these systems. For cobalt based nano alloys and spinel bi-metal oxide atoms, we
investigated the synergism effect between nanoparticles and conducting carbon support and also
spinel bi- metal oxides which are decorated over carbon support, are helpful in the facilitation of
reactions like ORR and OER. The results of the several chapters are summarized here: Chapter 2 is
brief highlights of Material and their characterization techniques, In the chapter 3, we report a
simplistic and facile approach for the fabrication of highly efficient oxygen reduction reaction
(ORR) electro-catalyst based on PtCo alloy nanoparticles supported on carbon fiber paper
(PtCo@CFP) via potentiostat electro-deposition method. Besides being rapid and facile, this method
is highly effective and allows easy control over the kinetics of nucleation and growth process as a
function of electro-deposition parameters varied by changing electrodeposition time. We have
optimized the electro-deposition time to obtain the PtCo@CFP electro-catalyst that show enhanced
electro-catalytic activity for ORR. The results demonstrate that the PtCo@CFP electro-catalyst
obtained at electro-deposition time of 600 seconds exhibited the best ORR activity among others,
following four electron transfer pathways with minute peroxide formation. We report the
multifunctional electrocatalysis activity by platinum-cobalt nanoalloy in chapter 4 with different
molar ratios decorated over graphene oxide (PtCo/GO) nanosheet based electrocatalysts synthesized
via hydrothermal treatment. All catalysts were thoroughly characterized by XRD, FESEM, XPS,
and Raman spectroscopy. The catalyst with 1:1 molar ratio PtCo catalyst anchored on GO shows the
excellent multifunctional electro catalytic activity towards ORR, Methanol oxidation reaction
(MOR), Hydrogen evolution reaction (HER). The combination of Pt and Co lowers the cost of
catalyst by alloying and also its comparable activity with 20% wt. Pt/C is attractive catalyst of choice
for fuel cells. Among the possible alternative metals to Pt for better ORR activity, a first-row
transition metal Cobalt, Nickel and Iron and its bimetallic composite are regarded as most promising
material due to its low cost, abundance, and moderate binder capacity of O2 molecules towards
oxygen electrocatalyst. In chapter 5, development of non-precious platinum free, cost-effective and
efficient bi-functional oxygen electro-catalyst is critical for energy conversion devices. Inverse
spinel CoFe>04 nano-cubes supported on nitrogen doped graphene oxide (NGO) sheets prepared by
simple hydrothermal process. NGO is used as supporting material which increases the conductivity
and provides surface area of the CoFexOs. The crystal structure and composition have been

investigated by X-ray diffraction, Raman Spectroscopy as well as X-ray photoelectron spectroscopy



indicating the formation of inverse spinel CoFe>O4 and its composite with NGO. In chapter 6, we
have synthesized mix Cobalt iron sulfide supported on nitrogen/sulfur doped graphene oxide sheets
which is prepared by simple reflux method followed by annealing process namely, CoFe-S/NGO.
The crystal structure and their composition were investigated by PXRD, FTIR, Raman spectroscopy
as well as X-ray photoelectron spectroscopy indicating the formation of composite CoFe-S/NGO.
We have investigated the ORR and OER activity and discussed the variation of annealing
temperature. CoFe-S/NGO annealed at 250°C shows enhanced ORR and OER activity. In chapter 7
the spinel NiCo0204/rGO nanocomposite can be considered as a promising precious metal-free
electrocatalyst owing to its high surface area and abundant catalytic active sites. In this study
NiCo0204/rGO nanoplates were synthesized using a simple refluxing technique, followed by
annealing in inert atmosphere. The as synthesized materials were characterized using Scanning
electron microscopy, X-ray diffraction, Transmission electron microscopy. The NiCo204/rGO
showed enhanced electrocatalytic activities and high stability towards ORR, and OER.
This outstanding electrochemical performance could be attributed to the remarkable
structural characteristic of the electrocatalyst with a morphology of small nanoparticle
assembled nanoplate. These exceptional electrochemical performances could be ascribed to the
remarkable structural feature of the electrocatalyst with a nanoplate morphology exhibiting high
surface area and void spaces within the surface of nanoplates, which provide large contact areas
between electrolyte and active materials for electrolyte diffusion. The as prepared catalyst showed
high electrocatalytic activity owing to its synergism between graphene oxide and abundant active
sites. The chapter 8 presents an overview of the of the chapters. In the search of new and hybrid
materials as an electrocatalyst alternative replacement to precious metal (Pt and Ir), we have
investigated lowering the cost of catalyst from precious to non-precious metal-based compounds and
their composite for efficient multifunctional catalyst. Several modification and hybridization have
been carried out with Co- based compounds e.g., PtCo, Pt3Co, CoFe;04, CoFe-S and NiCo0204/rGO.
The composites were investigated in detail for electrochemical study, using linear sweep
voltammetry, cyclic voltammetry, chronopotentiometry. However, much work is needed to be done
on it. New materials exhibiting promising applications are always attractive to the researchers.
However, finding of promising materials alternative to Pt for electrocatalysis is still an open

challenge to the scientific community.
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