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SOLID STATE LITHIUM BATTERY

Source: The post is based on the article published in “The Hindu” on 18.05.2025.

In News: Cause of Pesky failure mode in solid state Li -ion batteries found

Syllabus: Mains — GS IHII(SCIENCE AND TECHNOLOGY)

Solid state lithium Battery

solid-state  lithium-ion  battery is a
rechargeable battery that uses a solid
electrolyte instead of the liquid or gel electrolyte
found in conventional lithium-ion batteries. All
major components-anode, cathode, and
electrolyte-are solid materials.
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¢ Structure: The battery consists of a solid anode (often lithium metal), a solid cathode (such
as lithium metal oxide), and a solid electrolyte (ceramic, glass, or polymer) that separates
the two.

¢ Ion Movement: During discharge, lithium ions move from the anode to the cathode
through the solid electrolyte, while electrons travel through the external circuit, providing
power to devices.
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¢ Charging: When charging, the process reverses-lithium ions move from the cathode back
to the anode, storing energy.

¢ Separator Role: The solid electrolyte acts as both the medium for ion transport and as
an electrical insulator, preventing electrons from passing directly between electrodes and
thus avoiding short circuits.

Where Solid-State Lithium Batteries Are Used

¢ Electric vehicles (EVs): Enable longer driving range, faster charging, and improved safety.
s Consumer electronics: Thinner, lighter batteries for smartphones, laptops, and wearables.
¢ Aviation and drones: High energy density and safety benefit electric aircraft and drones.

% Renewable energy storage: Longer lifespan and higher capacity for grid and home energy
storage.

* Medical devices and military: Reliable, long-lasting power for pacemakers, drug delivery,
and specialized vehicles.

Advantages

% Higher energy density: Smaller, lighter batteries with more capacity, ideal for EVs and
compact devices.

*» Improved safety: Non-flammable solid electrolytes reduce fire and explosion risks.
+ Longer lifespan: Less degradation, more charge/discharge cycles.

% Faster charging potential: Can support higher charging rates.

¢ Wider operating temperature range: Better performance in extreme conditions.

¢ Reduced dendrite formation: Safer operation, especially with lithium metal anodes.

Disadvantages
¢ High cost: Expensive materials and manufacturing processes.
¢ Manufacturing complexity: Difficult to scale up for mass production.

¢ Material compatibility: Interface issues between solid electrolyte and electrodes can reduce
efficiency and lifespan.

¢ Mechanical brittleness: Solid electrolytes (especially ceramics) can crack, affecting
durability.
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Performance at low temperatures: Some solid electrolytes perform poorly in cold
environments.

Degradation mechanisms: Issues like lithium dendrite growth and interfacial delamination
can still occur, impacting reliability.

Challenges

Material and interface engineering: Ensuring stable, efficient contact between electrodes
and solid electrolyte.

Scalability: Developing cost-effective, large-scale manufacturing methods.

Lifecycle management: Understanding and improving long-term durability and
performance.

System integration: Managing pressure, temperature, and mechanical stress in battery packs,
especially for EVs.

Main Failure Mechanism: Dendrite Growth and Mechanical Fatigue

During charging, lithium ions move to the anode and can form dendrites-needle-like
lithium filaments-at the anode surface.

These dendrites can pierce the solid electrolyte, causing short circuits and catastrophic
failure.

Unlike liquid electrolytes, solid electrolytes cannot absorb the stress from lithium’s
expansion and contraction during cycling, leading to cracks and voids.

Recent Scientific Breakthrough

Researchers have linked SSB failure to mechanical fatigue of the lithium metal anode,
similar to how bending a paperclip repeatedly causes it to break.

Each charge-discharge cycle causes small mechanical stresses that accumulate, forming
microcracks at the anode-electrolyte interface.

These microcracks accelerate dendrite growth and material degradation, even at low current
densities.



Key Observations

*¢ SSBs can fail after relatively few cycles (e.g., 145 cycles in a study) due to the
accumulation of microscopic voids and cracks.

* Advanced imaging (like operando scanning electron microscopy and X-ray tomography)
has allowed scientists to observe these processes in real time.

s The fatigue process follows well-known mechanical laws, providing a new predictive
framework for battery lifetime and reliability.

Implications and Future Directions
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¢ Understanding the mechanical fatigue mechanism opens new paths for designing longer-
lasting SSBs by optimizing materials and cycling conditions.

¢ Future research will focus on how cycling rates and temperature affect lithium’s stress-strain
behavior, aiming to suppress dendrite growth and extend battery life.
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