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ABSTRACT 

Lithium sulfur batteries (LSBs) are one of the most promising next-generation electrochemical 

energy-storage systems owing to their ultra-high energy density at low cost. However, there are 

several challenges that lead to the performance degradation of LSBs over repeated cycling. The 

challenges mainly arise from the insulating nature of sulfur, the dissolution of intermediate 

polysulfide into the electrolyte causing infamous “shuttle effect”, and the volume variation of 

sulfur during repeated cycling. Therefore, the sulfur cathode, the most crucial component, and its 

architecture is the key parameter that directly affect the electrochemical performance of LSBs. 

Due to these challenges associated with the sulfur cathode, the practical application and 

commercialization of LSBs are seriously impeded. Based on these issues, this thesis mainly 

focuses on the development of various functional fibrous architectures, and their suitable 

employment as desired component in the cathode to develop a high-performance sulfur cathode 

for LSBs.  

In this thesis, both nano and microfiber-based architectures are fabricated via simple and 

cost-effective methods. These fibrous materials are explored as functionalized components in the 

cathode with the adaption of bare sulfur as active material, e.g., the nanofibers as functional 

cathode additives in Chapter 4 and cathode matrix in Chapter 5, the microfibers as current collector 

and template for sulfur encapsulation in Chapter 6, and both nano and microfibers as additives and 

current collector, respectively in Chapter 7. Each chapter introduces novel cathode designs with 

the deployment of specifically designed fibrous material, followed by necessary modifications.  

First, a simple method is presented to design a cathode with the incorporation of nanofibers 

as functional cathode additives. The nanofibers are featured with the in-situ grown sulfur particles 

embedded inside porous polyacrylonitrile shell and coated with poly(3,4-

ethylenedioxythiophene): polystyrene sulfonate (PEDOT-S@PAN). They are able to trap the 

lithium polysulfides (LiPS) which results in their suppressed migration and ensure effective 

electronic conduction as well. Therefore, incorporation of such nanofibers in the sulfur cathode at 



minimal content can improve the electrochemical performance of LSBs. Second, a sophisticated 

cathode design is proposed, in which a three-dimensional nanofiber matrix composed of α-Fe2O3 

integrated carbon nanofiber (Fe-CNF) is demonstrated for the development of a collector-free and 

binder-free flexible self-standing sulfur cathode. With the aid of physical barrier effect by the 

interwoven nanofibrous architecture and the intense chemisorption by the combined effect of polar 

α-Fe2O3 and nitrogen-doped carbon present in Fe-CNF, it can restrict the LiPS dissolution into the 

electrolyte. Moreover, the α-Fe2O3 can accelerate the polysulfide conversion reactions. Benefiting 

from the nanofibrous cathode architecture, an improved sulfur utilization and thus high capacity, 

and better cycle performance can be achieved. Third, a sustainable and scalable route is 

demonstrated to develop a sulfur cathode by utilizing the carbon microfibers derived from waste 

cotton cloths. The replacement of a cotton derived carbon microfiber cloth as the current collector 

in the cathode instead of the conventional aluminum collector endow the LSB with much superior 

capacity. This is mainly due to the sufficient accessibility of electrolyte in the cathode owing to 

the interfiber pores and efficient electron transport by the long-length carbon microfibers. 

Furthermore, the encapsulation of sulfur inside the carbon fibers developed via the utilization of 

cotton microfiber cloth as the fiber templet and support substrate can not only restricts the LiPS 

shuttling but also improve the ionic and electronic accessibility to sulfur. As a result, the microfiber 

incorporated cathode can display superior cycle and rate performance as compared to the bare 

sulfur cathode. Inferring from the effect of each of the fibrous structures used in custom designed 

cathodes towards improving the performance of LSBs, finally a heterostructure constructed from 

CoFe2O4 and SnO2 decorated over the carbon nanofiber framework (CoFe@SnCNF) is developed. 

A synergism between the multiple adsorptive and catalytic sites of the heterostructure enable an 

efficient LiPS entrapment and expedite their conversion, meanwhile the carbon nanofiber 

framework provides a long-range electrical conduction. Based on these merits, a cathode 

fabricated by using CoFe@SnCNF as a functional cathode additive and carbon microfiber cloth 

as the current collector with reasonably high sulfur loading and low electrolyte/sulfur (E/S) ratio 

showed a descent capacity and excellent cyclability.  

In summary, the present thesis work has successfully developed high-capacity LSB by 

employing noble fibrous architectures fabricated through cost-effective and high-throughput 

techniques which have the ability to become industrially viable solutions.  


