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Abstract

Abstract

The development of lithium-ion batteries with higher power, higher energy, longer
cycle life and lower cost is the focus of battery research at present, and the situation will
remain the same in the foreseeable future. The research of rechargeable batteries may
lead to better understanding on interfacial chemistries, the discovery of new battery
chemistries and ultimately more powerful energy storage systems. This project aims at
the application of carbon based composite materials as electrode materials in
rechargeable lithium or sodium batteries and potential improvement in the performance
of batteries via novel design of electrode materials. The electrospinning technique,
microwave-assisted solvothermal synthesis process and inert gas thermal treatment have
been utilized for material preparations. A series of experiments were designed to screen
the most important factors that dominates the structural features of electrospun polymer
fibers. One-dimensional carbon fibers and composite materials with desired structural
features have been synthesized. The carbon fiber converted from electrospun
polyacrylonitrile membranes are used as negative electrode materials in lithium and
sodium cells, which showed stable reversible capacities of 118 mAh/g and 84 mAh/g
for lithium and sodium, respectively. The antimony-carbon fiber composite materials
were synthesized as alloy type negative electrodes for lithium-ion and sodium-ion
batteries. The obtained material exhibited high reversible capacities of 562 mAh/g and
371 mAh/g in lithium and sodium cells, respectively. Due to the homogeneous
distribution of nanosized antimony particles within the interconnected carbon fiber
networks, this materials also exhibited good rate capabilities in sodium cells as it cycled
at high current rates up to 1000 mA/g without severe capacity fading. The binder-free

carbon electrode was used for the synthesis of composite sulfur cathode in a novel



Abstract

lithium-sulfur cell design, the resulted lithium-sulfur battery demonstrated a high
reversible capacity of 1101 mAh/g at a high charge-discharge current of 1000 mA/g. In
addition, a two dimensional graphene-based composite material containing antimony
sulfide nanoparticles synthesized via microwave-assisted solvothermal approach was
also investigated as potential negative electrode materials for rechargeable lithium or
sodium batteries. High reversible capacities of 595 mAh/g in lithium cells and 560
mAh/g in sodium cells from this electrode materials were achieved. The material design
with graphene nanosheets as the conductive substrate was proved effective for high rate
charge-discharge as this composite material showed good rate capabilities under various

current rates up to 1000 mA/g.
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