E N E R G Y

&

E N V I R O N M E N T

S C I E N C E

&

T E C H N O L O G Y

Changing the World’s Energy Future

Dr. Kevin Gering inspects
coin cells used for electrolyte
studies. The AEM guides rapid,
yet thorough, investigation of
candidate electrolyte systems.

Advanced Electrolyte Model (AEM)

Software predicts battery electrolyte solution interactions
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Ab initio vs. Chemical Physics Models
Ab initio (DFT)

Chemical Physics

• Dynamic interpretation of molecular interactions, based on magnitude
and frequency of interactions (microstate).
• Results depend on definition of simulation box, number of members,
time step, net time and the choice of basis sets.
• Not well-suited for determination of macroscale properties (viscosity,
diffusivity, heat capacity, etc.), particularly at low temperatures.
• Some interpretation of associative behavior and permittivity can
be weak.
• Results can help guide Chemical Physics treatments.
• High computing demand.

• “Static” interpretation of molecular interactions, using time
averages for magnitude and frequency of interactions. Statistical
Thermodynamic basis.
• Results are essentially immune to system and time constraints.
• Well-suited for determination of macroscale properties (viscosity,
diffusivity, density, heat capacity, etc.) over a wide range of
thermodynamic conditions.
• Interpretation of associative behavior and permittivity is accurate to
the extent of accurate molecular interactions that are derived.
• Can utilize DFT results as starting point.
• Low computing demand.

Chemical Physics approaches, such as the Non-Primitive Associative form of the Mean Spherical
Approximation (NPAMSA), offer significant advantages in streamlining the computational process, while
yielding a wide array of accurate property predictions in a fraction of the time required by ab initio models
(density functional theory – DFT).

The result is a faster and less
expensive workflow, one that
is highly accurate, responsive
to a user’s specific needs
and applicable to real-world
scenarios. The technology won
an R&D 100 Award in 2014; has
been successfully utilized by
Dow Chemical Company, Xalt
Energy and others; and was
recently licensed by Dalhousie
University for its work on hightech battery development.
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Technology Description

At the heart of every battery is
the electrolyte (salts dissolved
in a solution), the material
responsible for transporting
electrically charged ions across
the two electrodes and allowing
flow of electricity in the process.
Modern battery electrolytes
are composed of numerous
solvents and salts, in ratios
specific to their intended usage.
A battery intended for robust
cold weather output will be
designed differently than one
meant for, say, rapid recharging,
even if the chemicals involved
are identical.

The AEM can analyze systems
with multiple solvents and dual
salts to find optimum values
of chosen parameters such as
conductivity, diffusivity and ion
desolvation energy. In short, it
removes the guesswork about
an electrolyte’s qualifications for
a specific application. And since
batteries can experience wide
changes of internal and external
conditions, the AEM provides
evaluations of electrolyte
properties over wide ranges of
temperature, salt concentration
and solvent composition.
The AEM is much quicker than
quantum chemical methods
of electrolyte analysis, density
functional theory (DFT), and
molecular dynamics (MD),
because AEM provides robust
predictions without having
to depend on step-by-step
simulations along a timeline.
This results in a model that
reduces required lab work and
allows for rapid exploration
of new components,
configurations, and
usage conditions.

Technological Benefits

For any given usage scenario, a
battery is judged on its safety,
longevity, energy density
(the amount of energy it can
store compared to its weight),
how reliably and steadily it
discharges, how quickly it
can be recharged, how many
times it can be recharged, its
environmental impact, and, of
course, its cost to the consumer.
Virtually all these metrics have
a connection to the chosen
electrolyte formulation. Small
tweaks identified by the AEM
to existing battery chemistry
can alter any of these variables,
resulting in an improved battery
for a given application.

Potential Applications

More than just a tool to find a
superior battery, the AEM can be
used to improve any electrolytic
application, from petroleum and
gasoline refining to large-scale
water processing and desalination
projects. It can even be used
in medical research to better
understand the role of electrolyte
composition in the human body’s
own metabolic functions.
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