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The layered LiNiyzCoysMny 30, active material
has gained popularity in recent years due to its high
theoretical capacity (278 mAh/g) and specific energy
(1100 Whikg, assuming 4.0 V).** In addition, it is
thought to be both a lower cost material compared to
LiCo0O,, due its lower cobalt content, and safer. Previous
research has resulted in a comprehensive understanding of
the structure of the material® ® and its performance under
various operating conditions.®

While the theoretical values are high, the
practical capacity is considerably lower and dependent on
the voltage to which the electrode is charged. While
charging to 4.3 V results in a capacity of 165 mAh/g, as
much as 210 mAh/g can be obtained when charged to 5.0
V. However, it has been noted that electrodes charged to
these voltages exhibits capacity fade? It has been
suggested that this is caused by a side reaction, possibly
related to electrolyte decomposition.? In addition, the
material exhibits alarge 1% cycleirreversible capacity loss
(as much as 15%) after which the loss becomes
negligible. Recent reports have suggested that this is
caused by a SEI formation reaction which consumes
current at higher voltages.”

However, little is as yet known about the cause
for the performance limitations in this material, especially
under high rates. Such an understanding would be very
critical in assessing the capability of this electrode and in
suggesting design changes that can be used to improve the
performance. In this talk we attempt to answer these
guestions using a mathematical modeling approach.

The model is similar to those developed
previously and consists of description of ionic transport
using concentrated solution theory, charge and mass
balance in the porous electrode using porous electrode
theory, and the thermodynamics and kinetics of reaction
at the electrode/electrolyte interface.®™® The intercalation
of lithium into the lattice of the active materia is
accounted for by solving for the diffusion equation in
spherical coordinates using the Duhamel’s superposition
theorem.™

The properties of the electrolyte used (1 M LiPFg
in 1:1 EC:DEC) were taken from literature values. The
diffusion coefficient of lithium in the solid phase has been
measured and has been reported to increase with decrease
in lithium content by an order of magnitude. However,
incorporating this feature would require the need for a
more complicated model using a pseudo two-dimensional
approach and hence a constant value was used that
provides a reasonable prediction of the behavior of the
cell.

The prediction was based on experimental
constant-current data over a large current range. The
results are shown in Figure 1. The model was fit to the
utilization at the current density of 3.99 mA/cm? in order
to extract a diffusion coefficient, and this value was used
at al the other currents. The excellent fits suggest that the
constant value used here (2.7x10™ cm?s) can
approximate the behavior of the electrode adequately.

This talk explores the development of the model,
the comparison to experiments, the impact of the varying
diffusion coefficient, the limiting processes, and design
changes that can help improve performance. In addition,
full-cell simulations with a natural graphite negative
electrode where system optimization is performed is
discussed and the ability of this chemistry to be used in
high-energy and high-power applicationsis assessed.

Acknowledgements

This work was supported by the Assistant
Secretary of Energy Efficiency and Renewable Energy,
Office of FreedomCAR and Vehicle Technologies of the
U.S. Department of Energy under contract no. DE-ACO3-
76SF00098.

References

1. T. Ohzuku and Y. Makimura, Chem. Lett., 7, 642
(2001).

2. K. M. Shgju, G. V. S. Rao, and B. V. R.
Chowdari, Electrochim. Acta, 48, 145 (2002).

3. I. Belharouak, Y. K. Sun, J. Liu, and K. Amine,
J. Power Sources, 123, 247 (2003).

4, N. Yabuuchi and T. Ohzuku, J. Power Sources,
119, 171 (2003).

5. Y. Koyama, |. Tanaka, H. Adachi, Y. Makimura,
and T. Ohzuku, J. Power Sources, 119, 644
(2003).

6. W. S. Yoon, C. P. Grey, M. Balasubramanian, X.

Q. Yang, D. A. Fischer, and J. McBreen,
Electrochem. Solid Sate Lett., 7, A53 (2004).

7. Z.Wang, Y. Sun, L. Chen, and X. Huang, J.
Electrochem. Soc., 151, A914 (2004).
8. M. Doyle, J. Newman, A. S. Gozdz, C. N.

Schmutz, and J. M. Tarascon, J. Electrochem.
Soc., 143, 1890 (1996).

9. T. F. Fuller, M. Doyle, and J. Newman, J.
Electrochem. Soc., 141, 1 (1994).

10. M. Doyle, T. F. Fuller, and J. Newman, J.
Electrochem. Soc., 140, 1526 (1993).

-
¢
S
)
g .
S A
> o9,
6.65 mA/cm” %&
20 | | | | frem | § |
0O 20 40 60 8 100 120 140 160
Capacity (mAh/g)
Figure 1. Comparison of the model (lines) to

experimental (symbols) rate data on half-cells with a Li
reference electrode. The electrode thickness was 75 [Tm
and loading was 7.9 mg/cm?,



