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ABSTRACT

Growing concerns over the global warming and exhaustion of fossil fuels reserves have triggered
an urgent demand for replace fossil fuels with clean and sustainable energy sources. To effectively
address these issues renewable energy plays a very crucial contribution in the energy conversion
processes. Electrochemical water splitting is the most convenient way to supply oxygen and
hydrogen as water is abundant in nature. Molecular hydrogen has been considered as one of the
most promising energy sources for replacing fossil fuels by renewable and sustainable energy
sources. Oxygen evolution reaction is similarly important in fuel cells. Despite several efforts
made for designing an active and durable electrocatalysts for the production of hydrogen/oxygen,
it remains a significant challenge to find an electrocatalyst with similar or better activity than Pt

for HER and Ir/Ru based materials for OER.

Here, we concentrated our study on the development of efficient and durable electrocatalysts based
on low cost and earth-abundant transition metal alloys. The activity of these catalysts were affected
by their composition. Composition has a crucial role in the enhancement of the activity of such
alloys for either HER or OER. This thesis begins with an introduction which includes some
fundamental properties and synthesis of nano materials using different techniques, and mainly the
details of electrocatalytic (HER & OER) and magnetic studies. Finally we discuss the conclusions

and future prospects of using of various alloys as advanced electrocatalysts.

Chapter 1 (Introduction) deals with literature survey on the importance of water splitting reaction
for the production of hydrogen and oxygen including the mechanism. We have also described

different methods (microemulsion and hydrothermal and co-precipitation) for synthesizing alloy



nanomaterials. Finally, we give a brief on the principles of different characterization techniques,
magnetic properties and basic of electrochemical reaction (HER and OER).

In chapter 2, nanostructured copper-cobalt-nickel alloys of varied stoichiometry have been
synthesized as an alternative to the costly Pt-based alloys using the reverse micellar method.
Magnetic studies confirms the presence of super-paramagnetic order and saturation magnetization
Is enhanced with increasing cobalt to nickel ratio. Low onset overpotential with enhanced catalytic
activity was observed for the CuCoNi (111) alloys.

Chapter 3 discusses the synthesis of NizCo/G composites using a co-precipitation method
followed by thermal reduction under hydrogen atmosphere for 5h. The NizCo/G composites were
investigated towards hydrogen evolution reaction (HER) as electrocatalysts in alkaline media (0.5
M KOH), which show an excellent electrocatalytic activity with an over-potential of 95 mV to
reach 10 mA.cm? current density toward HER. The high activity of NisCo/G is due to the
synergistic effect and faster electron transfer between graphene and NizCo alloy in NizCo/G
composite during electrochemical reaction.

In chapter 4, unsupported nickel-molybdenum alloy nanocatalysts were synthesized by a two-
step hydrothermal-thermal reduction method. The electrochemical study shows that HER current
density of the alloy increases with the increase in Mo content. The NiMo alloy catalyst shows good
stability for 16 h under the given conditions.

In Chapter 5, ternary FeCoNi alloy nanocatalysts has been demonstrated as a superior catalyst
for electrochemical oxygen evolution reaction in alkaline media. This ternary nanoalloy could be
prepared from layered double hydroxides of FeCoNi, followed by thermal reduction at 700 °C

under reducing atmosphere. Introduction of third element in binary alloy has a heavy influence on

Vi



the OER performances, and FeCoNi electrode has proved to have superior activity compared with

the other two nanostructures FeNi and CoNi alloy.

In chapter 6, we discuss the characterization and electro-catalytic properties of iron-nickel alloy
nanoparticles of varying stoichiometry. Face-centered cubic phase was observed for alloys rich in
Ni (FeNis and FeNi), however FesNi alloy nanoparticles are dominant with bce structure mixed
with a some percent of fcc phase of iron-nickel alloys when the iron is present in major amount.

Electrochemical analysis shows that FeNis alloys exhibits higher performance for oxygen

evolution reaction compared to other compositions of iron nickel alloys (FeNi and FesNi).

Conclusions and future prospects have been discussed in Chapter 7. Binary and ternary
nanocatalysts have been fabricated and good control over composition was displayed. Synthesized
alloy nanoparticles were tested electrochemically with respect to the benchmark parameter for
HER and OER to assess their performance in strong alkaline/acidic condition. Finally, the thesis
gives deep understanding about materials, processes, and methods which can be used to make

efficient water splitting device from earth-abundant and low-cost materials.
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