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Abstract
To meet the demand of future energy needs, development and commercialization of energy dense battery
technologies beyond today’s lithium-ion batteries are essential. One of most promising candidates is the lithiumsulfur battery, which offer theoretical energy density more than five times that of the state-of-art lithium-ion
batteries. Improving the capacity and cycle life of lithium-sulfur batteries by tackling the polysulfide shuttling
problem become a measure challenge for the researchers and battery experts across the world. Our group have
unveiled a promising breakthrough using electrospun nanofibers as flexible additives for this type of batteries.
Introduction
Depletion of fossil fuel and intermittency of renewable sources of energy such as wind and photovoltaics could
not fulfill the energy need. Rechargeable batteries therefore offer an ideal opportunity to move away from the
intermittent sources of energy. The commercially introduction of lithium-ion rechargeable batteries in 1991
heralded a revolution in consumer electronics. The high energy produced with a low weight of lithium-ion battery
pack provides an opportunity to engineer a panoply of electronic devices starting from flexible electronics to
electric vehicles. Over the years, the battery experts have succeeded in improving the energy density of lithiumion batteries gradually approaching to theoretical limits and making them more efficient, just by further
optimizing the existing architecture. Ultimately, to meet the ever-increasing energy density demand for many
future applications, there is a need of innovative alternatives beyond the lithium-ion battery technology. For
example, a key consideration for batteries applicable for future electric vehicles and large-scale energy grids are
to be small and light weight with much higher energy densities, which are beyond the practical limits for today’s
lithium-ion technology. Therefore, instead of a step change in lithium-ion battery technology, a completely new
electrode chemistry and architectures that have much higher energy density could be an alternative to meet the
future energy requirements. In this regard, lithium–sulfur batteries offer promising battery chemistry with up to
five times higher energy density than the state-of-art lithium-ion batteries and therefore, considered as the
promising next-generation battery technology 1,2.
How does Lithium-Sulfur battery work?
A lithium-sulfur battery is assembled from lithium anode, sulfur cathode, a separator and electrolyte. During
discharging, Li+-ions are moved by an electrochemical driving force from the anode to the cathode through the
ionically conducting electrolyte medium. The movement of Li+ -ions creates free electrons in the anode that leads
to the development of charge. To neutralize the charge, electrical current then flows from anode to the cathode
through a device being powered (cell phone, computer, electric vehicle etc.). During charge, the reversible
phenomena happens, where the Li+-ions move from cathode to anode. The separator blocks the direct flow of
electrons between the electrodes from inside the battery. During the repeated discharge-charge process, the sulfur
which is in cyclic octa-atomic state (S8) undergoes a two-electron redox reaction forming a series of lithium
polysulfide intermediates (L2Sx, 1 ≤ x ≤ 8)3. The schematic of a lithium-sulfur battery is shown in Figure 1.

Figure 1. Schematic of a lithium-sulfur battery
Why Lithium-Sulfur battery is a challenge?
Indeed, sulfur is highly abundant and cheap and environmental friendly, which could make the lithium-sulfur
battery technology much more commercially viable, however, the problem with these batteries so far has been
their instability, and consequent low cycle life. The insulating nature of sulfur and the intermediate lithium
polysulfides formed during cycling along with their morphological and structural changes result in unstable
electrochemical contact within the sulfur electrode. This creates a challenge to achieve the capacity near to
theoretical limit. In addition, the dissolution of higher of lithium polysulfides (L2Sx, 3 ≤ x ≤ 8) in most of the
liquid organic electrolytes lead to a fast capacity decay, high self-discharge and low columbic efficiency.
Electrospun nanofibers for Lithium-Sulfur batteries
The one-dimensional nanofibers fabricated from electrospinning method have received much attention for major
components in advanced battery systems4. The high specific surface area of electrospun nanofibers provide
sufficient reaction sites for dissolved lithium polysulfides and therefore, such nanofibers are widely employed in
various components such as cathode, interlayer, separator of lithium-sulfur batteries5–7. Recently, our group have
developed a novel approach of incorporating electrospun nanofibers as flexible additives in sulfur cathode to hold
the lithium polysulfides in position, protecting their dissolution and improving the cycle life of lithium-sulfur
batteries8. A systematic set of experiments was conducted to fabricate core@shell structured nanofibers of in-situ
grown sulfur core embedded inside porous polyacrylonitrile (PAN) shell (S@PAN). The nanofibers were then
coated with a thin layer of poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) to obtain
conductive channels with a unique co-axial structure (PEDOT-S@PAN). The improvement in electrochemical
performance of lithium-sulfur batteries such as capacity, cycle life, rate capability etc. by the incorporation of
PEDOT-S@PAN nanofibers in cathode was confirmed by various electrochemical test in a coin-cell
configuration. The overview of the work is shown schematically in Figure 2. Our group is working to further
improve the nanofibers architectures for lithium-sulfur batteries and enable its future commercialization. The
focus is on to incorporate novel functionalities in the nanofibers such that it can further help in improving the
capacity as well as capacity retention of the Lithium-Sulfur batteries

Figure 2. Electrospun nanofiber incorporated cathode to improve the performance of lithium- sulfur battery.
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