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Sources Of Variability In Battery
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Graphics from Siemens. http://www.industry.siemens.com/topics/global/en/battery-manufacturing/process/
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Minimization of Neutralization of Long-term continuous
initial differences extrinsic factors cycle aging

This Experiment
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Metric 1: Resistance
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Ohmic resistance (R)
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Incremental Capacity Analysis .c"' HNEI
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Loss of Active Material (LAM)

Hawai‘i Natural Energy Institute
University of Hawai‘i at Manoa

—dQ/dV
- Q2
B S5
s s
> >
2 2
at g .
© o | Li, Cq
/LIOC6 /
4 4.05 4.1 4.15 4.2 4.25 4.3 3.4 3.6 3.8 4 4.2
Voltage (V)

Voltage (V)

Stable Negative Electrode Capacity

Stable Positive Electrode Capacity
LAM,; is not detectable (ca. 0%)

LAM,; is not detectable (ca. 0%)




12

Loss of Lithium Inventory (LLI)

Hawai‘i Natural Energy Institute
University of Hawai‘i at Manoa

Exp. dQ/dV

5 0 I T T 5 O T T T
4.0 4.0
530 5 3.0
5 3
3 2
320 320
o ©
1.0 1.0
0 ! O L 1 1
3.6 . 3.6 3.7 3.8 3.9 4
Voltage (V) Voltage (V)

: Experimental dQ/dV consistent
Results of ‘alawa emulation P Q/

with up to 25% LLI

http://www.soest.hawaii.edu/HNEI/alawa/



Loss of Lithium Inventory (LLI)

‘alawa toolbox

5.0 I T T T

O  Experimental
Emulation

Comparison of emulated and
experimental dQ/dV after 1000

cycles with LLI as the degradation
mode

LLI (%)

25

20

15

10

ole

Hawai‘i Natural Energy Institute
University of Hawai‘i at Manoa

- 13
E-' HNEI

0

100 200 300 400 500 600 700 800 900 1000

Cycles

Gradual increase of LLI
Statistical dispersion rose




14
HNEI

Hawai‘i Natural Energy Institute
University of Hawai‘i at Manoa

Conclusion ='

Many sources of variability in the manufacturing of lithium-ion cells

Tight control over the cell-to-cell variations can be achieved at the end of the
assembly line

Grading & Matching
But, it is not sufficient to achieve tight control over the cycle life of these cells
Capacities & Kinetics diverged

We uncovered a possible thermodynamic origin to this variability
Main driver: spread in susceptibility to Loss of Lithium Inventory (LLI)
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