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Rechargeable batteries, including lithium-ion batteries (LIBs) and lithium-metal
batteries (LMBs) have a critical role in the renewable energy transition as energy
storage vectors for grid storage, transportation, and other difficult to decarbonize
sectors'. This diverse set of applications makes it important that batteries have key
properties such as high specific power, high capacity, and long cycle life.

However, LIBs and LMBs are complex, heterogeneous systems, where material,
mechanical, and electrochemical properties are tightly interlinked. As a result,
achieving key performance metrics like high power, capacity, and long cycle life
often requires careful protocol optimization, making it critical to control external
conditions in laboratory testing to ensure industrial scalability. One critical external
property that has been historically difficult to control is the external stack pressure.

Applied stack pressure, which is integrated into industrial battery applications
through battery module and pack design has been shown to impact the specific
power, capacity, and cycle life of batteries, varying with material choice. The value
of applied stack pressure during both the formation and lifetime cycling of batteries
is important to optimizing LIB or LMB performance.

For companies and researchers in battery R&D and module manufacturing,
leveraging CamVolt's cutting-edge stack pressure control system unlocks optimal
cycling performance. This white paper provides a concise, science-backed
argument for why mastering pressure control is critical to enhancing battery
efficiency and application success.

Impacts of External Pressure During Cycling

Applied stack pressure can influence the cycle life, specific power, or specific
capacity of a battery by changing the overall impedance of the battery, mitigating
side reactions, and changing the mechanical properties of the battery. In terms of
changing the impedance of a battery, optimal stack pressure can maintain electrical
contact within the electrode by adjusting electrode porosity, improving the contact
area between the electrode and electrolyte, and reducing the ion transport path in
porous electrodes?*. These factors all serve to decrease the battery's overall
impedance and improve its power density. Optimal stack pressure also extends
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cycling life in batteries by moving gaseous products generated from side reactions
to the edge of the cell and away from the active material®, limiting mechanical
fracture and cracking®, and preventing electrode delamination’. On the flip side, too
great a value of external pressure can increase impedance by contributing to
degradation®. This can occur when stack pressure is left unmonitored during
continued cycling. Internal deformation that occurs during the cycling will continue
to build up, causing increased cracking of active material and insufficient wetting
of electrode when the increased pressure causes electrolyte to be squeezed out of
the electrodes®™°.

The value of the pressure that supports improved contact but doesn't lead to
overly compressing electrodes is both material and electrode-construction process
dependent, varying greatly with the initial porosity and contact of the electrodes
and electrolyte system.

Stack Pressure During Formation

Varying among cell chemistries, stack pressure can also be of particular
importance to the successful formation of cells. During the initial formation cycle,
the formation of a uniform solid-electrolyte interphase (SEl), which plays an
important role in battery cycle life, is highly dependent on an optimal stack
pressure?®, The absence of appropriate pressure can lead to a thickening solid-
electrolyte interface between particles and electrolyte which can interrupt electrical
transport in the battery leading to reduced power and capacity. Non-optimized
pressure application equipment can also lead to particle-level deformations which
will gradually contribute to a buildup of internal stress within the pouch cell after
formation and over extended cycling, leading to reduced cycle life and increased
capacity fade™™,

Traditional Pressure Rigs

The interactions between pressure and degradation, side reactions, SEI
formation, and impedance highlights the importance of optimizing pressure to
improve battery performance. Such optimization requires equipment that can
accurately apply a known pressure to a battery and deliver consistent application
across tests.

Traditional pressure rigs used by many material scientists in R&D often involved
rigid plates clamped by bolts or foam-based stacking, which results in poor control
of precise and accurate stack pressure especially during the formation stage.
Additionally, pressure is often applied by tightening a bolt with a torque-wrench in
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an uncontrolled way. These factors prevent successful optimization of stack
pressure and limits both the reliability and accuracy of the data collected, by leaving
too many unknowns in application of pressure.

CamVolt Pressure Rigs

In contrast to traditional pressure equipment, pressure equipment by CamVolt
applies known and even pressure to pouch cell batteries. The equipment is
designed by battery engineers and scientists based in Cambridge, UK. The
pneumatic press developed by CamVolt can load pressure onto cells with an
accuracy of +1.6% and a repeated accuracy of *1%. Additionally, the bespoke
solutions offered by CamVolt are designed such that the pressure rig fits perfectly
with our clients’ pouch cell batteries, ensuring that homogeneous stack pressure is
maintained across cells. Every component is calibrated three times for high
precision and accuracy before being handed to our clients, guaranteeing that the
pressure being applied to a tested battery is not only known, but consistent across
tests.

CamVolt's mission is to accelerate battery development by enabling researchers
and engineers to collect better cycling data and better model the optimal conditions
for their industrial battery application. Our high quality and carefully designed
pressure products embody this mission.

Contact Us

Interested in collecting the data you need to optimize your battery for pressure?
Want to learn more about the pressure solutions we offer? Contact CamVolt Ltd.
We would love to help you accelerate your battery research.

CamVolt Ltd - info@camvolt.co.uk
252 Shakespeare Tower, Barbican, London, EC2Y 8DR, UK
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