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Abstract
Lithium-ion batteries have been the nucleus of the digital modernization, especially when
acknowledging the exponential rise in the digital-dependency of human beings on devices such as
mobile phones, laptops etc. As they play such a vital role in various electronic equipment, over the
years various efforts have been made to increase their capacity, cyclability and battery life with higher
safety measures. At present, LiCoO2 batteries with carbonaceous anode and LiPF6 dissolved in organic
solvent as electrolyte are the most used batteries. However, the toxic nature of Co, low cyclability of
carbon anodes and the inflammable nature of organic electrolyte requires an alternate form of Li-ion
battery to take its place in the commercial markets. To meet the high demand of the society it is vital to
develop next generation lithium-ion batteries with enhanced performance, capacity, cyclability and
safety measures which can be developed at nanoscale using LiFePO4 and silicon nanowires as the two
electrodes with an inorganic electrolyte such as fluid SO2 that is incombustible in nature. The
following content briefly explains the challenges faced by the current generation of lithium-ion
batteries and the recent progress made in those areas to tackle the said problems.
Introduction
Lithium-ion batteries have been around for almost 3 decades now and were first commercialized in
1991 by Sony. Since then they have replaced other forms of electrochemical batteries in various
electronic devices and equipment, and are now used exclusively in mobiles and laptops at present [1].
Its usage has also been expanded to electric vehicles as they have high efficiency of 80 to 90 % with
great power storage capacity, fast charging, long battery life and great safety measures [2][3] .
Lithium metal batteries, however have been observed to have even higher theoretical specific energy
and energy density as compared to lithium ion batteries but they can’t yet be commercialized as their
ability to recharge is very low and there misuse can lead to fire and explosion. Li-ion batteries can
also be designed in various shapes and sizes and hence are very space efficient in the device they are
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deployed in.
They don’t have the problem of memory effect which is seemingly a major issue in all Nickel
based batteries. The potential per gram of the electrode material that these batteries can generate is
approximately 3 times than that of a Nickel based battery, hence they require much smaller
number of cells to supply a constant voltage than any Nickel based battery. The self-discharge rate
of a lithium-ion battery is also nearly 4 to 6 times lesser than Nickel based battery and have higher
cyclability when compared to any Ni battery.
Basic Operation
A battery is a network of many electrochemical cells connected in series to amplify voltage or
connected in parallel to amplify current or the mixture of the two to supply the required output. In a
typical Li-ion cell there are two electrodes, an electrolyte that serves as a connecting medium for the
two electrodes and a separator which is usually a microporous boundary that stops the flow of
electrons between the electrodes but allows the movement of Li-ions through it. The two electrodes
differ in potential and the material they are made up of. The positively charged electrode is called
cathode and is made of an intercalated Lithium compound with a transition metal as the central
metal atom. Example- LiCoO2 , LiFePO4 etc. The negatively charged electrode is called anode and
is made out of a conductor material with large gaps between the consecutive inter molecular layers
or higher range order inside which the Li-ions reside during the charging of the battery.

For a common LiCoO2 – Graphite battery, the electrochemical reactions that occur
inside the cell are- Half reaction on cathode :
CoO2 + Li+ + e-
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Fig 1- An illustration of various components and charging/discharging process of a LiCoO2/Graphite Li-ion battery.[1]
Half reaction on anode:
LiC6

Li+ + C6 + e-

Therefore the full reaction inside the cell looks like :
LiC6 + CoO2

LiCoO2 + C6

When the Li-ions migrate from cathode to anode the charging process of the battery takes place and
when they migrate from anode to cathode the discharging process of the battery takes place. The
central metal atom of the intercalated salt gets oxidized and reduced during the charging and
discharging process respectively. During deep- discharging of a battery a permanent reaction takes
place between the electrodes which can cause severe harm to the electrode material, increase the
internal resistance of the battery and decrease the effective battery life.
Li+ + e- + LiCoO2

LiO + CoO

Cathode Material
Many compounds have been used as a cathode material for the Li-ion batteries over the years to supply
various voltage outputs as per required. Some of these materials include TiS2, MnO2, LiCoO2. LiMnPO4,
Li2MxMn4XO8 (M=Fe,Co) etc in various form of layered structures. In the present age the most used
cathode materials are LiCoO2 and LiFePO4, having a better life cycle
than any of the other cathode materials. LiCoO2, because of its stable nature on exposure to atmosphere is
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much safer to use, as it does not explode or catch fire when exposed to atmosphere. However, the
problem with a LiCoO2 cathode is the toxicity of cobalt and high market price of the material
The LiFePO4 cathodes has been preferred over LiCoO2 over the past few years because of there
comparatively lower cost and lower environmental damage. They also excel at stability, work cycle
and temperature tolerance(20-700C).
However, these cathodes have low electronic and ionic conductance of 10-10S/cm and 108cm2/s. Also the
1D channel present in this material for Li+ diffusion gets easily clogged by impurities and crystal defect in
the iron lattice. To overcome this, nano-scale cathodes are used, as it was observed that rate of diffusion is
higher on nano-scale. To mend the poor conductivity of LiFePO4 the material is either doped with a
different material or coated with carbon. The metals used for doping usually are Mg, Ti, Zr or
Nb[8][9].These enhance the material conductivity by 108 times the original value. Also they have low
polymerization even at high specific current supplies. There have been cases of better performance and
retention capacity of LiFePO4 batteries when the cathode is doped with different metals such as Ni, Co etc
in a stoichiometric ratio of 9:1 or the LiFePO4 used is off-stoichiometry.

Fig 2- (A). Crystal structure of LiFePO4 with Li-ion movement along 1-D channel (B). 1-D channel of LiFePO4 with fast
diffusion of Li+ ion and defect in the channels causing restriction in diffusion.[22]
Anode Material
Anode materials have an even wider array of potential composites for anode formation, when compared to
cathode. Carbon containing compounds have been extensively used for making anodes over the past few
decades and are still the most commonly used anodes for Li-ion batteries. These carbon-composite anodes
contain electrodes made out of Graphite, Carbon compounds formed by reaction with other metals such as
Tin, Cobalt etc and Disordered Carbon obtained from there precursors using heat treatment processes
such as carbon obtained from Polyparaphenylene (PPP) which is a very commonly used anode
material[14][15].The major problem faced by a carbon-composite anode battery is poor cyclability and
battery life because of the gradual permanent distortion of there crystal lattice with every charge/discharge
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cycle. Also the specific capacity of carbon is very low when compared to the present requirements. To
overcome the problems of Carbon composite anodes, a nano-scale solution was derived by using a Carbon
nanotube-TiO2 nanoparticle composite which provides higher specific capacity as well as lesser
pulverization [7]. These anodes follow the insertion/extraction cycling process whereas some other anode
material such as SnO2 or Sn-Si/C follow the Li-alloy reaction mechanism. The use of the composite helps
with the cyclability of Sn and the higher specific capacity of Carbon.

Fig 3- Excellent stability of Silicon nanowires after repeated Lithiation/Delithiation and schematic depicting the advantages of
Si NW over Si film and particle anodes. [21]

Silicon composites are the emerging solution for low specific capacity carbon anodes as they have much
higher specific capacity[4]. Silicon composite nanowires have high resistance to pulverization
phenomena. These nanowires are formed by the Super-critical Fluid-Liquid-Solid technique which is a
bottom-up Chemical Vapor Deposition (CVD) method for nanofabrication[5]. A drawback of these
anodes is the high cost and very low tapped density which means they need to cover large volume in order
to provide required energy which makes it an impractical choice for batteries in portable devices.

Electrolyte and Separator
Electrolyte is an integral part of any battery and has a great impact on the battery performance and safety
of the battery. The choice of an electrolyte depends on many factors including but not limited to, the
electrodes chosen and the temperature of the surrounding at which the battery is being operated. An
electrolyte is made up of a single or mixture of Li salts(LiPF6)dissolved in mixture of organic
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solvents(EMC). The concentration of the electrolyte is very crucial to energy density, efficiency, and
cyclability of the battery as a high viscosity electrolyte shows less interaction with the electrodes, hinders
ionic movement at low temperature and is more expensive whereas low viscosity electrolyte causes low
cyclability at high temperature and can form Solid- Electrolyte Interface causing increase in internal
resistance of the battery resulting in compromised battery life. The use of organic solvents has always
been a question for these electrolyte as they are highly flammable compromising safety and form SEI with
the carbon anodes. A solution to this was introduction of gelatinous electrolyte containing Li salts and and
solvents in a high-density polymer network which solves the spillage issue of a liquid electrolyte and
enhances the safety [18].

(A).

(B).

(C).

Fig 4 : (A) Chemical structure of LiPF6. (B) Chemical Structure of EMC (Ethyl Methyl Carbonate). (C) Ceramic coated
polyolefin Separator with PVA as Binder. [18]

Separator is also an essential part of the cell separating the two halves of the cell and allow only
the migration of the Li-ions through it, restricting the movement of electrons through the electrolyte. They
also prevent the two electrodes from coming into direct contact and causing the cell to short circuit. The Liion separator must be permeable, and the pore size ranges from 30 to 100nm. The qualities of a good
separator involve stable nature towards the other components of the cell, able to absorb the mechanical
shocks, economically cheap and allow easy movement of Li-ions through it. Polyolefin obtained by
polymerization of olefin ethylene is the most used separator with a membrane thickness of 25μm and a
pore-size of 10nm.
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Conclusion
Li-ion batteries have undergone various development phases from the time of their first commercialization
and intensive research still continues in order to develop the next generation batteries with higher energy
density, better performance and safety measures. According to me, LiFePO4 at nano-scale shows great
capacity as a cathode material as it exhibits high diffusion rate, better cyclability and stability than any
other cathode material. As for the anode, intensive
research is required to develop a cheaper technique for producing silicon nanowires with higher tapped
density as silicon nanowires, despite of being expensive have very high energy density and resistance to
pulverization making it a better anode material that can be used in next generation
Li-ion batteries. It also doesn’t form Solid-Electrolyte Interface (SEI) with the organic solvents.
The field of electrolyte also requires an inorganic alternative such as fluid SO2 in order to enhance the safety
measures of the battery as organic solvents are highly inflammable and often catch fire when exposed to
high temperatures. Polyolefin is a great separator with excellent mechanical properties and can still be easily
deployed in the next generation batteries. Intensive research is being conducted in these field in order to
obtain the next generation Li-ion batteries with higher capacity, cyclability, battery life and safety measures
at an effectively cheaper price and hopefully the next generation Lithium ion batteries will be
commercialized in the upcoming decade.
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