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Chapter 05 Nanostructured electrode materials for L2 ER-EE lithium-ion batteries

Nanostructured electrode materials for lithium-ion batteries are an active area of research
aimed at improving battery performance, including capacity, stability, and charging speed.

1-Principles of lithium-ion batteries

The lithium-ion battery has a high energy density, meaning it can store 3 to 4 times more
energy per unit mass than other battery technologies. It recharges very quickly and can
withstand numerous cycles (at least 500 charge-discharge cycles to 100%).
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1.1. Battery structure

* Anode : Negative electrode, usually graphite, where lithium ions are stored during
charging.

» Cathode : Positive electrode, often made of materials such as oxides
metallic (e.g., LiCoOy or LiFePOY), which release lithium ions upon discharge.

* Electrolyte : Substance that allows the transport of lithium ions between the anode
and the cathode. This can be an electrolytic liquid or a conductive solid.
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1.2. Operation

e Loading :

o When the battery is charged, an electric current pushes lithium ions from the
cathode to the anode through the electrolyte.

o The ions lodge in the anode structure, thus storing energy.

 Discharge :

o When a load is connected (like an electronic device), the ions

lithium return to the cathode, generating a flow of electrons through the circuit
external.

o This flow of electrons provides the energy needed to operate the device.
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1.3. Electrochemical mechanisms

* Redox reactions :
0 At the anode, lithium ions gain electrons (reduction).

0 At the cathode, lithium ions lose electrons (oxidation).

1.4. Capacity and Performance

» The capacity of a battery is generally expressed in milliampere-hours (mAh),
representing the total amount of energy it can store.

» Performance depends on:
o The materials used for the electrodes (conductivity, specific capacity,
etc.).

o Battery design (specific surface area, nanoparticle structure,
etc.).
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o Operating conditions (temperature, charge/discharge current).

1.5. Advantages and Disadvantages
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Benefits :

* High energy density : More energy stored per unit weight compared to other technologies
(such as lead-acid batteries).

* No memory effect : Unlike older technologies, they do not lose capacity if they are not
completely discharged.

Disadvantages:

» Temperature sensitivity : May become unstable at extreme temperatures.

* Limited lifespan : The number of charge and discharge cycles is limited by the degradation of
the materials.

De nouvelles batteries pour les véhicules hybrides

Schéma de principe Le fonctionnement

de la motorisation hybride d'une batterie au lithium
Actuellement, les véhicules hybrides sont équipés en majorité de batteries Une batterie utilise un processus chimique réversible pour créer
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Lithium-ion batteries are widely used in:

« Electronic devices : phones, laptops, tablets. « Electric vehicles : for their energy
storage efficiency. « Renewable energy storage systems : to store energy

generated by solar or wind power.

2-Electrode materials

Electrode materials play a crucial role in the performance of lithium-ion batteries. Here's a detailed look at the
main types of materials used for anodes and cathodes, along with their characteristics:
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2.1. Anode materials

a. Graphite

« Description : The most commonly used anode material. « Advantages : o

Good electrical
conductivity. o Relatively long life cycle.

« Disadvantages :
0 Capacity limited to approximately 360 mAh/g. o

Less efficient for applications requiring high capacity.

b. Silicon
« Description : Used as anode material or in combination with graphite. « Advantages : o Very high
capacity (up to

4200 mAh/g). o Ability to store more lithium ions.

« Disadvantages :
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o Significant expansion during cycling, which can lead to degradation
structural.

o Research is underway to stabilize silicon-based structures.

c. Composite materials

« Examples : Graphite/Si, Graphite/Tin. ¢

Advantages : o
Combination of advantages of different materials. o Improved capacity

and stability. « Disadvantages :
o0 Manufacturing complexity and cost.

d. Metals

* Examples : Lithium, sodium, aluminum. « Advantage :

o High potential
capacitances.
« Disadvantages :

o Safety issues due to reactivity, requiring precautions

particular

2.2. Cathode materials

a. Metal oxides

« Examples : LiCoOY, LiNiOy, LiMnyOy. «

Advantages : o
Good conductivity and performance. o Generally

high capacity (e.g. 140-200 mAh/g).
« Disadvantages :
o High cost and environmental implications (especially cobalt).

b. Phosphates

« Example : LiFePOy. ¢
Advantages : o
Excellent thermal stability and safety. o Long life cycle.

o Relatively low cost.

« Disadvantages :
o Lower capacity (approximately 150 mAh/
g). o Less efficient conductivity, which limits charging speed.
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c. Lithium-nickel-manganese-cobalt (NMC) materials

« Description : Combination of nickel, manganese and cobalt. « Advantages :
0 Good capacity
and stability. o Balance between cost,

performance and safety. « Disadvantages :
o Complexity of chemical composition.
d. Composite materials
« Description : Combination of different materials to exploit their synergies. « Advantages : o
Improvement of

electrical and energy storage characteristics.
« Disadvantages :

Higher manufacturing costs.

Bimpact des matériatiaen gliaphitersurestvattenies
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2.3. Material selection criteria
To select a material for the electrodes, several factors are considered:

» Specific capacity : The amount of energy the material can store. ¢ Cyclic stability : The

ability of the material to withstand charge and discharge cycles without significant loss of performance.
« Conductivity : The ability to conduct electricity, essential for proper functioning.

« Cost and availability : Importance for the scalability and sustainability of systems
battery.

YSM Page 6



Machine Translated by Google

Chapter 05 Nanostructured electrode materials for L2 ER-EE lithium-ion batteries

2.4. Innovations and perspectives

*» Nanomaterials : The use of nanostructures increases the active surface area of materials,
thus improving load capacity and durability.

Alternative materials : Research into new materials (e.g., steel, polymer composites) to
reduce costs and environmental impact.

3-Nanostructuring

Nanostructuring materials for lithium-ion batteries is a dynamic and innovative field of research, involving
many research institutions, including the CNRS (National Center for Scientific Research) in France.
Nanostructuring aims to improve electrode performance by exploiting the unique properties of

materials at the nanoscale. Here is an overview of the key concepts related to nanostructuring and

research associated with the CNRS:
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3.1. Concept of nanostructuring

Definition : Nanostructuring involves the creation of materials with a structure at the nanoscale (usually

between 1 and 100 nm). This can include the use of nanoparticles, nanotubes, nanofibers, and layered
structures.

fanctionnels

3.2. Advantages of nanostructuring for batteries

« Increased surface area : Nanostructured materials provide a larger interface surface area, which
facilitates the transport of ions and electrons, thus improving charging capacity and speed.

« Improved Conductivity : Nanoscale structures can improve electrical conductivity, which is essential for
better performance in the charge and discharge cycle.

 Cyclic stability : Nanostructuring can help reduce degradation
mechanics of materials during charging cycles, increasing battery life.

3.3. Nanostructuring techniques

« Sol-gel methods : Allows the creation of nanostructured materials from early solutions, ensuring uniform
dispersion of chemical precursors.

« Electron beam deposition (EBL) : A lithographic technique that can create nanoscale patterns on
substrates, used to develop electrodes.

« Hydrothermal synthesis : Used for the synthesis of hanoparticles, which is
popular for lithium electrodes.

« Fusion methods (such as spraying) : Techniques that allow the production of thin films or
nanofiber structures for improved conductivity.

3.4. Applications and research at the CNRS

The CNRS is conducting several research projects on nanostructuring for batteries, focusing on:
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* The design of new anode and cathode materials based on structures
nanometric.

* The study of the interaction mechanisms between electrodes and electrolytes on a large scale
nanometric.

» The development of innovative energy storage systems for sustainable applications such as electric cars
and renewable energy storage systems.

3.5. Examples of materials studied

* Silicon nanoparticles : Used to improve the capacity of anodes.

» Carbon nanotubes : Integrated into composites to improve conductivity
electric.

» Composite materials : Combining various materials at the nanoscale to achieve
optimal performance.

4-Challenges and Perspectives

In the context of research on lithium-ion batteries and nanostructuring of materials, several challenges

and perspectives emerge concerning the research work carried out by Monica, which suggest areas for
improvement and innovation in this field.
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Here is a summary of the main challenges and associated perspectives:

RECHARGEABLE BATTERIES
ADVANTAGES AND DISADVANTAGES
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Challenges

1. Sustainability and life cycle of materials

o Degradation of the electrodes : The repetition of charging and discharging cycles
Discharge can lead to capacity loss and material degradation, particularly for nanostructured
structures which may be more susceptible to mechanical stress.

o0 Chemical stability : Nanostructured materials can undergo unwanted reactions with the electrolyte,
which can adversely affect battery performance.

2. Production costs

o Manufacturing methods : Nanostructuring techniques can be expensive and complex. Scaling
up to industrial scale requires cost-effective production methods while maintaining high

performance.

0 Rare materials : The use of expensive materials such as cobalt in cathodes can pose supply and

cost problems, prompting the search for more sustainable and cheaper substitutes.
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3. Charge/discharge performance

o Charging speed : Developing materials that enable fast charging while maintaining sufficient
energy density remains a major challenge.
0 Reactivity to the environment : Nanostructured electrodes must

maintain their performance despite variations in temperature and humidity.

4. Recycling and environmental impact

o Battery recycling : The development of efficient processes for the
Recycling battery materials at the end of their useful life is essential to reduce environmental
impact.

0 Sustainable design : Batteries must be designed not only for performance, but also with
consideration for their full life cycle, including their end of life.

Perspectives
1. Innovations in materials

o Alternative materials : Research into new materials, such as those based on sodium or
lithium-iron-phosphate, which can offer comparable performance while being less
expensive and more durable.

o Hybrid nanomaterials : Development of composites that combine several materials to
obtain multi-functional properties.

2. Advanced manufacturing technologies

0 3D Printing : Use of 3D printing to create complex geometries allowing better management
of ion transport and optimized distribution of materials.

o0 Automation of manufacturing processes : Approaches using
artificial intelligence to optimize electrode production and reduce costs.

3. Improved electrolytes

o Solid electrolytes : Development of solid electrolytes that can offer improved safety and
increased performance compared to traditional liquid electrolytes.
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Polymer-based electrolytes : Exploration of novel polymer electrolytes that may be more conductive and less

volatile

4. Circularity and circular economy

o Innovative recycling : Development of efficient recycling techniques that enable the recovery
and reuse of battery materials, thereby reducing dependence on virgin resources.

o Design for recycling : Integrate recycling considerations into the battery design phase to facilitate
their disassembly and recycling.

5. Emerging applications

o Applications in electric vehicles : Improving battery performance to meet the growing needs of
electric vehicles, thus promoting the transition to sustainable mobility.

0 Renewable energy storage : Develop large-scale storage solutions for solar and wind energy,
optimizing the integration of renewable energies into electricity grids.

Conclusion

Monica's research in the field of nanostructuring materials for lithium-ion batteries addresses significant

challenges and offers promising prospects for the future of energy storage. By continually innovating and
seeking viable solutions, it is possible to meet growing market demands while promoting environmental sustainability.
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