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The Lithium-lon Cell

Resistance Contributions ﬂ(IT
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The Lithium-lon Cell

overpotential ﬂ(IT
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The Lithium-lon Cell

energy- and power density ﬂ(IT
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Characterization of Lithium-lon Cells
Electrochemical Impedance Spectroscopy (EIS) \‘(IT
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Characteristic time constants of different loss mechanisms in Lithium-ion cells:

degradation diffusion . charge
electrochemical
. i transport
formation reactions
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Electrochemical Impedance Spectroscopy (Eis)
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Characterization of Lithium-lon Cells
Electrochemical Impedance Spectroscopy (EIS) -\\_‘(IT
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System Requirements: Kramers-Kroniqg Validity Test:
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EIS M. Schénleber, D. Klotz, and E. Ivers-Tiffée, “A Method for Improving the
. . . . . . Robustness of linear Kramers-Kronig Validity Tests,” Electrochim. Acta, vol.
causality linearity time invariance 131, pp. 20-27, 2014.
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Characterization of Lithium-lon Cells

Electrochemical Impedance Spectroscopy (EIS) -.}\_‘(IT
Impedance Analysis:
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Characterization of Lithium-lon Cells
Electrochemical Impedance Spectroscopy (EIS)

Temperature variation at SoC 80 %: @

State-of-charge (SoC) variation
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- How to predict the performance of lithium-ion cells?
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Modelling of Lithium-lon Cells
AT

Behavior Model

“Simple” Equivalent Circuit
Model:

- no physical meaning
+ simple parameterization

+ very short computation time
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‘Advanced” Multiphysics Model

Equivalent Circuit Model

Finite Element Method:

+ physically correct
- challenging parameterization

- long computation time

CLi / CLi,max

Transmission Line Models:

+ physically motivated
+ feasible parameterization

+ short computation time
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Modeling of Lithium-lon Cells
Transmission Line Model (TLM) -.}\_‘(IT
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Microstructure parameters:
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Characterization of Lithium-lon Cells

Microstructure: Anode
Anode: Graphite

241 ym < 244 um

-z

75 um
graphite _— :

electrode thickness | ctrode =90 um
volume fraction O ohite =0.75

S =0.25
fortuosity (s =5.12
active surface area  agyppite =0.314 um’
particle size Agraphite.vor-av = 12-07 um
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X-ray nano-tomogqraphy:

X-ray sample X-ray
camera source

M. Ender, J. Joos, A. Weber, and E. Ivers-Tiffée, “Anode microstructures from high-energy
and high-power lithium-ion cylindrical cells obtained by X-ray nano-tomography,” J. Power
Sources, vol. 269, pp. 912-919, 2014.
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Characterization of Lithium-lon Cells
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Microstructure: Cathode
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Focused ion beam (FIB) tomography: Cathode: NCA/LCO Blend

carbon
i " LiNi,Co,Al, 0, = NCA
LiCoO LiCoozyjﬁcé ’

electrode thickness | ctr0d0 =75um
volume fraction Ear =0.57
€carbon =0.17
Eporo =0.26
tortuosity Ty =4.29
M. Ender, J. Joos, T. Carraro, and E. Ivers-Tiffée, “Three-dimensional reconstruction of a
composite cathode for lithium-ion cells,” Electrochem. commun., vol. 13, no. 2, pp. 166— aclive surface area a =0.73 um'7
168, 2011. AM :
M. Ender, J. Joos, T. Carraro, and E. Ivers-Tiffée, “Quantitative Characterization of LiFePO, . g _
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Characterization of Lithium-lon Cells
Parametrization of transition line models .\\_‘(IT
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M. Ender, A. Weber, and E. Ivers-Tiffée, “A novel
method for measuring the effective conductivity
and the contact resistance of porous electrodes
for lithium-ion batteries,” Electrochem. commun.,
vol. 34, pp. 130-133, 2013.
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M. Ender, J. Joos, T. Carraro, and E. Ivers-Tiffée,
“Quantitative ~ Characterization of LiFePO4
2 } Cathodes Reconstructed by FIB/SEM

Tomography,” J. Electrochem. Soc., vol. 159, no.
7, pp. A972—A980, Jan. 2012.

conclusion

Electrochemical and microstructure
parameters for anode and cathode are
determined
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Li-lon Battery Model
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Homogenized 1D Model |

“Advanced” Equivalent Circuit Model: —
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Model-Based Optimization
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Enerqgy Optimization
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Model-Based Optimization

- change parameters of “state-of-the-art” active materials

Anode

High Enerqgy

Specific Capacity:

Optimization

graphite (so man g

Increase capacity
Reduce mass )* 30%
graphite + 15% Si
(450 mAh g1)

High Power Particle Size:
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Optimization

Increase surface - 95%
area
IIQe(iIucde Thickness:
electrode
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thickness 0 pum " o 40um
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Cathode

Specific Capacity:
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Volume Fractions:
57% ——~ 70%
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Passive Components

current collectors:
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all high energy
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Model-Based Optimization
AT

- change parameters of “state-of-the-art” active materials |
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Model-Based Optimization
- change parameters of “state-of-the-art” active materials .\\_‘(IT
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State-of-the-arte electric vehicles
comparison from cell to car -.}\_‘(IT
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Enerqy-Density: Cell-Level Enerqy-Density: Battery-Level Consumption
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Electric Range Prediction
AT
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State-of-the-art Battery

200 km

800 km

(calculated by volume*)

Future Prospects
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