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Abstract

In recent years, considerable research has long been devoted to the
development of energy-storage devices to store the electrical energy
obtained from renewable energy sources and supply the world with energy
on demand. These energy-storage systems have to be more efficient and
compatible with the ongoing rapid technological progress in different fields
including portable electronics and electric vehicles that required both high
power and high energy density. Supercapacitors, one of the most efficient
electrochemical energy storage systems that attract much attention for next-
generation energy storage devices that bridge the gap between the
traditional capacitors (having high power density) and the batteries (having
high energy density). From the merits of supercapacitors, environmental
benignity, besides its unique electrochemical properties including long
charge/discharge cycling life, safe operation, and high power density than
batteries.

The bottleneck of supercapacitors is to increase its relatively low energy
density without scarifying its high power density and this can be done by
selecting efficient electrode material concerning its electrochemical
activity, conductivity, effective contact area, morphology, and porosity.
Therefore, the key aspect to enhance the performance of these kinds of
energy devices is to develop and improve the performance of these active
materials. In this regard, nanostructured materials show great potential as
an effective electrode material for high-performance supercapacitor
applications.

In this doctoral work, we demonstrate an easy and efficient
hydrothermal/solvothermal approach for growing nanostructured materials
of some transition metal oxides and sulfides for supercapacitor

applications. In this regard, the concise aspects of supercapacitors in terms



of charge storage mechanisms and the recent progress in the design and
fabrication of electrode materials as well as energy-related performance
were described.

In_chapter 2, describes all the analysis techniques used in this work.

In chapter 3, we adopt a facile effective single-step hydrothermal process
for constructing of Zny76C0024S microspheres containing nanoflakes-like
structure, directly on nickel foam. The obtained electrode exhibited an
excellent electrochemical charge storage performance and satisfactory
charge/discharge cycling stability compared to the individual mono metal
sulfides such as ZnS and CoS. Boosting the synergistic effect resulting
from the co-existence of Zn and Co in the binary Zng76C00.24S. Moreover,
the assembled hybrid supercapacitor of Zng76C0o.24S delivered outstanding
specific energy comparable or much better than the most recently reported
devices. These results indicate the potential of Zng 76C00.24S as an electrode
material for high-performance supercapacitors.

In chapter 4, we demonstrate the synthesis of ZnCo,04 nanospheres via a
one-step, calcination-free H,0O,-assisted hydrothermal method. Assembled
as a supercapacitor, ZnCo,04-electrodes showed an excellent capacitive
performance with superior cycling stability, showing its promising
potential as an efficient electrode material for supercapacitors.

In comparison, The benefit of binary transition metal sulfide (Zno76C00.24S)
over binary transition metal oxide (ZnCo,0,) is the lower electronegativity
sulfur atom than oxygen, thus replacing oxygen with sulfur will produce a
more electrochemically conductive compound leading to higher storage
capacity, but lower cycling performance than binary transition metal oxide.
In chapter 5, we report a facile synthetic solvothermal method for the
preparation of FeCo,0,4 nanosheets, constructing a highly porous structure.

This high porosity allowed excellent unique electrochemical performance.



Proposed that the potential of FeCo,0, for supercapacitor applications. For
these purposes, the presence of the porous structure will generally provide a
highly effective surface area exposed to electrolytes, more active sites for
redox reactions, enable effective ion pathways from the electrolyte to
electrode active material and facilitate the movement of the electrons
through redox reactions.

In chapter 6, we adopt a feasible method to enhance the electrochemical
performance of (a-MnS) by incorporating nanostructured a-MnS with an
underlying conductivity-supporter reduced graphene oxide (rGO). In this
chapter, nanoflakes-like structured a-MnS/rGO was prepared via a facile
one-step hydrothermal method. The presence rGO can offer a matrix for a-
MnS-nanoflakes suggesting an efficient way to enhance the conductivity. It
does not only adapt to the nanoflakes a-MnS by preventing its aggregation,
but also offers a large electrode / electrolyte interface for the redox
reactions. Therefore, the structure of a-MnS/rGO markedly enhanced
electrochemical performance as an electrode material for supercapacitor
applications. Suggesting that, introducing carbon materials such as (rGO) is
an efficient way to improve the electrochemical performance of mono

metal sulfide for energy storage applications.
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