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timeline and budget AeM+S-L

timeline budget

* project start date: Jan. 2010  total project funding

— DOE share: $ 320 K
* project end date: Apr. 2011
« funding received in FY10
* percent complete: 90% ~ $320K
« funding for FY11
- N/A































































accomplishments and status AeMe+SeL

 Fundamental: The changes in effective transport properties and electrochemical
kinetics due to dissolution were incorporated into a thermo-electrochemical model to
study capacity fade due to dissolution. Practical: this provides a quantitative and direct
relationship between the volume fraction change due to dissolution and capacity fade.

 Fundamental: A multiscale thermo-electrochemistry was applied to include non-
iIsothermal effects of the electrode microstructure on battery scale modeling. Practical:
the constructed surrogate models give good predictions of the closure terms (i.e.,
reaction current density and heat generation) and reveal the significance of state
variables (i.e., Li-ion concentrations and electric potentials).

 Fundamental: Brownian dynamics was employed to simulate the self-assembly of
particles in Li-ion battery cathodes. Practical: the self-assembled structures were
characterized by the percentage attachment of carbon black to active material clusters.
The effect of temperature, mass ratio and particle size was investigated.

 Fundamental: The formation and evolution of the SEI layer was modeled, which had
been observed via several experiments. Practical: The model explains the possible
mechanism for the origin of the two distinct layers comprising the SEI layer.



future work AeM+S-L

 continue to refine numerical models based on findings from simulated
performance and experiments; parameters to be investigated include multi-
phase particle structures, resistances in SEI films, and temperature dependence
of material transport properties and film resistance

* investigate SEI formation in composite electrode microstructures and its effect
on battery kinetics and thermo-electrochemical performance; both experimental
and numerical tools will be employed

 continue to explore progressive capacity degradation in composite multi-phase
electrodes in the context of multiple scales and multiphysics coupling
electrochemical kinetics and thermal effects



summary A*M+S-L

*numerical modeling of dissolution shows a quantitative relationship between the
volume fraction change due to active material dissolution and capacity fade

*material loss of active particles results in decreased effective transport properties
in the solid phase, which in turn results in a reduction in electrochemical reaction
rate, reducing capacity

3-D microscopic modeling of particle microstructure reveals local distribution of
state variables (Li-ion concentration and electric potentials) in thermal-
electrochemical model

*global sensitivity analysis of surrogate models shows that electric potentials in solid
and electrolyte phase dominates in the closure terms (reaction flux density and
heat generation)

*self assembly simulation shows that a larger AM patrticle size and larger CB/AM
mass ratios each contribute positively to the percentage of CB attachment

*with increasing temperature this percentage increases in cases where AM particles
have a diameter of 1um but decreases for AM particles whose diameter is 0.5um
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