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Introduction
Over the generations human society is depending on fossil fuel

energy sources leading to the emission of CO2 into atmosphere. It is at
most important and urgent need for the replacement of fossil fuel
energy sources with renewable and sustainable energy sources which
can leave low or no carbon foot prints. In this regard energy storage
place major role after producing energy using various technologies like
solar, wind, tidal, etc., before distributing to the customer. On other
hand energy storage devices like rechargeable batteries became part of
life in the modern society to power portable devices like phones,
laptops, etc. Starting from Frog leg experiment by Luigi Galvani in
1780’s various electrochemical techniques and materials were
developed to realise the capability of these techniques and materials in
developing electrochemical devices. After observation of possible Ag+

ion transport in Ag2S solids by Faraday lead scientific interest in
energy storage devices.

Lead acid battery attracted major scientific and industrial
community from 1860’s till now. Nickel cadmium battery also played
significant role from 1899 along with Lead acid batteries for military
and consumable applications. In spite of their high theoretical energy
density (Lead acid: 171 Wh/kg and NiCd: 210 Wh/Kg) the practical
limited capacity about 55 Wh/kg and 70 Wh/Kg for Lead acid and
Nickel Cadmium respectively, lead to the continuous search to develop
new materials which can store more energy. Another breakthrough in
energy storage is the commercialisation of Lithium battery by Sony in
1991. Lithium battery technology left its major impact by powering
portable devices like mobile phone and laptops due to their high
practical energy density (up to 210 Wh/Kg, LiCoO2/ cathode, C as
anode), which is about 3 to 4 times higher than the technologies
available by then. Below figure shows the mile stones in the
development of battery (Figure 1).

Figure 1: Key development of battery lab to customer.

To further enhance the storage capacity and reduction in the cost of
lithium battery LiFePO4, LiVPO4, LiNi1/3Co1/3Mn1/3O2, LiFePO4F,
with layer, spinel, Perovskite, etc., crystal type structures [1]. These
cathodes can help in gain give a potential ranges from 2.5 to 4.5 V in
theory. Realization of full specific capacity is one of the challenge for
industry. Nano technology helped to some extent in enhancing the
possible storage and rates of charge and discharge. Scaling up of
nanomaterials with uniform particle size, morphology, and surface
coatings as prepared in laboratory is a major challenge in bringing the
lab inventions to customer use.

Li-air is one of the emerging technologies for stationary energy
storage applications. There batteries can help in storing energy density
up to 5217 Wh/kg theoretically. Initially researchers used liquid
electrolytes carbon for electronic conductivity and platinum as catalyst
to enhance reaction kinetics at the cathode side. Many used O2 at
different constant pressures by keeping the cells in closed boxes.

Replacement of solid electrolytes like Li1.5Al0.5L1.5Ge0.5(PO4)3 pave
way for used of low pH solutions, which can help in realising higher
voltage Li-air batteries.

Li-S batteries, where carbon is replace with highly abundant
sulphur, with up to 5 times more theoretical energy density than
conventional li-ion batteries also one of the important technologies
under consideration [2]. Elemental sulphur cannot be used as cathode
due to its electronic resistive nature. Many research groups
demonstrated the use of carbon in the form of nano particles, nano
rods, and sandwiched sulphur with carbon sheets. These studies could
show a capacity of 1100 mAh/g at 168 mA/g current density.
Encapsulation of sulphur with TiO2 yolk shell architecture showed the
possibility of about 800 mAh/g with about 75% retention of initial
capacity at 0.5 C rate after 1000 cycles [3]. All these batteries suffer
with dissolution of polysulfide in electrolytes. Some researchers
replaced liquid electrolyte with solid electrolytes, which can help in
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minimising the dissolution of polysulphides, and demonstrated the
possibility of preparing all-solid-state lithium sulphur battery [4-6].
Another approach considered in the literature is the replacement of
sulphur with lithium polysulfide dissolved in non-polar solvents using
solid electrolyte membrane. Such batteries could show a possible
specific capacity of about 600 mAh/g after 20 cycles [7]. Still problems
exist related to the electrolyte and electrode interface.

To address the problems of volume expansion of cathode, replace
organic flammable liquid electrolyte, to minimise the battery shot
circuit due dendrite formation, solid electrolytes are considered as
potential alternatives. Any researchers are showing interest in
developing high ionic conducting oxide, sulphide and oxysluphide
electrolyte, which can not only replace liquid electrolyte, but also can
work as anode protecting membrane, remove the necessity of polymer
porous separator. Among the solid electrolyte sulphide based
compounds like Li10GeP2S12, Li6PS5Cl, Li6PS5Br,
Li9(Si5/3P4/3)S11Cl1/3∆2/3 (Where ∆ is defect) etc., can offer high ionic
conductivity upto 1 mS/cm at room temperature [8-10].

Still enormous problems like safety, cost, energy density, power
density and integration of battery with devises, need to be addressed by
both academic and industrial community.
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