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Temperature-dependent Electrochemistry in Li-ion Batteries

 Modern Li-ion batteries consist of a graphite anode, metal oxide cathode, and an electrically insulating
separator soaked with an organic solvent-based electrolyte
* Li-ion electrochemistry and lithium morphology are heavily dependent on local thermal conditions
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Application and Measurement of Interelectrode Thermal Gradient (ITG)

* |nstrumented coin cells to enable local temperature measurement at each electrode
* Applied a thermal gradient using two heat exchanger plates
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ITG Design of Experiments

 NMC/graphite coin cells Warm
Thermal Average

* Investigate the effect of: T =350

int,avg

— Thermal average: 20, and 35 °C

— ITG:-2,0, 2 °C Negative ITG
: : AT, =-2°
* Perform galvanostatic cycling at C/5 Tine =727
for 20 cycles
— Voltage limits: 3.0and 4.3V
Isothermal
— Current: 0.74 mA AT, =0°C
Positive ITG
AT, =2°C
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Electrochemical Cycling Behavior
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Simulated Degradation Modes

Simulated modes of degradation are used to identify the experimentally observed

degradation modes using IC analysis
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ldentifying Degradation Modes Using Incremental Capacity Analysis
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* Conclusion:
Simulated Incremental Capacity Curves
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Post-mortem Optical Analysis and EIS

* Plated Li identifiable in optical images

* Large shiftin EIS response for cells cycled at AT, , =-2 °C Tonans=36°C, ATp=0°C
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Electrochemical Behavior at Ambient Temperatures

e Cells cycled at an ambient thermal average (20 °C) had no degradation
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Primary Takeaways

* Li-ion electrochemistry is dependent on ITGs

e Subjecting Li-ion cells to a warm, ITGs degrades the cell relative to
isothermal conditions

* Directionality of the ITG dictates the degradation mode
* Accelerated aging of Li-ion cells can accomplished by applying an ITG

* Improved thermal management strategies are needed to ensure safe and
reliable operation of Li-ion batteries
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