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Thesis Summary (approx.800 English Words )

This work developed novel synthesis methods based on spray pyrolysis to prepare porous carbon
microspheres dispersed with iron compound nanoparticles, and systematically studied their physical and
electrochemical properties as anode and electrocatalyst materials for Li-ion and Li-S batteries,
respectively.

Chapter 2 reported on a synthesis of porous carbon microspheres dispersed with Fe3O4 nanoparticles
(porous C/Fe;O4 microspheres) as an anode material for Li-ion batteries using spray pyrolysis with a
sodium nitrate (NaNO3) additive in the precursor solution. The XRD, SEM, TEM, and CHNS results
showed that NaNOs catalyzes the carbonization of sucrose and enhances the crystallization of Fe;Oa.
Moreover, nitrogen adsorption/desorption analysis showed that the aqueous removal of sodium
compounds produces porous C/Fe3O4 microspheres with large surface areas and pore volumes. The porous
C/Fe;04 microspheres prepared by spray pyrolysis with a 1.00 M NaNOj; additive exhibited a reversible
capacity of ~780 mAh g~! in the initial cycles and ~520 mAh g! after 30 cycles at a current density of 50
mA g !. The wide range of pores produced from the removal of sodium compounds might enable easy
electrolyte penetration and facilitate fast Li-ion diffusion, leading to the improved electrochemical
properties of this sample.

In Chapter 3, a novel synthesis route was developed based on spray pyrolysis to further improve the
porous and crystal structure of the carbon microspheres dispersed with Fe3;O4 nanoparticles (porous-
crystalline C/Fe304) as anode materials for Li-ion batteries. The porous-crystalline C/Fe3;O4 microspheres
were prepared by sequentially annealing the spray-pyrolysis synthesized dense-amorphous C/Fe3O4
microspheres under reducing and oxidizing atmospheres. The post-heat treatments provided an easy way
to crystallize the amorphous carbon, introduce micro- and meso-pores, and obtain mixed-valence iron
oxides such as Fe3Os. The porous-crystalline C/Fe3O4 microspheres demonstrated an improved specific
capacity of ~560 mAh g! at a current density of 50 mA g~!, which corresponded to 92% of their theoretical
value. The porous-crystalline C/Fe3O4 microspheres also demonstrated higher specific capacities at high
current densities than the porous C/Fe3;O4 microspheres prepared by spray pyrolysis with a 1.00 M NaNO3
additive in the previous chapter. The significant improvements in their electrochemical properties of the
porous-crystalline C/Fe3O4 microspheres were attributed to the synergy between well-developed porous
structure and highly conductive graphitic carbon, which provided simultaneously higher Li-ion and
electronic conductivities throughout the entire microspheres.

In Chapter 4, the C/Fe3O4 microspheres discussed in Chapter 3 were used to investigate the synergetic




effect of conductive and adsorptive/catalytic interfaces on the adsorption and conversion of polysulfides,
aiming to enhance the electrochemical performances of the Li-S batteries. The porous-crystalline C/Fe3O4
microspheres had a wide range of micro-and mesopores to physically adsorb polysulfides and highly
accessible Fe3O4 nanoparticles to chemically immobilize them within the electrochemical interfaces and
promote their conversion into short-chain sulfides. As a result, the porous-crystalline C/Fe3O4
microspheres enhanced sulfur utilization and accelerated redox kinetics of the Li—S batteries when used
as modified separators. This work demonstrated that high-performance Li—S batteries could be achieved
by rationally designing conductive and adsorptive/catalytic interfaces of the C/FesO4 microspheres.

Despite the improved electrochemical performance of the Li-S batteries, the multi-step procedures
involved in preparing the sulfur cathodes and modified separators may restrict the large-scale application
of these batteries.

Therefore, Chapter 5 introduced the synthesis of the advanced sulfur cathode incorporating porous-
crystalline C/FesC microspheres as an electrocatalyst and CFP as a 3D current collector through vacuum
filtration, eliminating the complex procedures in the production of cathode materials for Li-S batteries. As
3D current collector, CFP offered transfer of electrons and additional nucleation sites for the deposition of
the end redox products. Meanwhile, the porous-crystalline C/FesC microspheres effectively immobilized
polysulfides and promoted their fast conversion and nucleation. This study demonstrated the potential for
achieving high-performance Li-S batteries without the complex procedures associated with the production
of cathode materials.

Overall, Chapters 2 and 3 demonstrated that the porous structure of the C/Fe3Os microspheres
facilitates Li-ion diffusion, leading to the better utilization of Fe3O4 nanoparticles in Li-ion batteries.
Moreover, the crystallization of amorphous carbon into graphitic one can provide higher electronic
conductivities throughout the entire microsphere, further enhancing the electrochemical performances of
the samples.

Chapters 4 and 5 demonstrated that high-performance Li—S batteries could be achieved by rationally
designing conductive and adsorptive/catalytic interfaces of the C/Fes0s and C/FesC microspheres.
Moreover, the porous-crystalline C/FesC microspheres outperformed the porous-crystalline C/Fe;Oa-
microspheres as electrocatalysts in Li-S batteries due to the higher electronic conductivity of FesC
nanoparticles.

The obtained results confirm the importance of the developed synthesis methods in tuning the
physicochemical properties of the composite microspheres and enhancing the electrochemical properties
of the rechargeable batteries. Moreover, these methods could be easily adopted for the preparation of
carbon microspheres dispersed with other transition metal oxides. Therefore, further work should focus on
synthesizing these composite microspheres and studying the applications of these composite microspheres

for various energy storage systems and beyond.
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