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ABUSE RESPONSE OF SILICON ANODES

XG Sciences Material — Previous Evaluations
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Thermal runaway enthalpy of NMC/Si-C cells is ~10% greater than NMC/Graphite cells
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ABUSE RESPONSE OF SILICON ANODES

XG Sciences Material — Previous Evaluations
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Difference in gas generation attributed to the differences in surface reactivity
and surface products generated at the anode/electrolyte interface
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PERFORMANCE EVALUATIONS / COMPARISONS
SNL Early materials and ANL/SNL made materials

= Early testing (prior to ANL electrode delivery)
— nSIl + Graphite prepared at SNL
— Lower areal loadings of ~ 1.0 mA/cm?
— Using 130 nm nSi from NanoAmor
— 88% Active Material, 10% LiPAA, 2% Timcal C45

= CAMP 18650 Electrode Coating
— 10 — 15 m length coatings for cylindrical cells
— Issues with coating/curling of current collectors for lower Si content
electrodes and exposed current collectors
— Areal Loadings > 2.5 mA/cm?
— 50 — 70 nm nSi from NanoAmor
— 88% Active Material, 10% LiPAA, 2% Timcal C45
— 0% nSi was prepared using PVDF with 92% active loadings

= Electrolyte — 3:7 EC:EMC wt% 1.2 M LiPF6 with and without 10% FEC
» Performance comparison to ensure comparable data (similar to

?revious round robin efforts) R
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PERFORMANCE EVALUATIONS / COMPARISON

Half Cell Performance
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« Significant increase in capacity
performance with 10% FEC
addition to Gen 2 electrolyte

« Upon FEC addition capacity
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PERFORMANCE EVALUATIONS | COMPARISON

Full Cell Evaluations A _ Equipment interruptions
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PERFORMANCE EVALUATIONS | COMPARISON

Full Cell Impedance
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Lower nSi content electrodes demonstrate elevated ASI,

reflecting issues experienced during coating process
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CALORIMETRY EVALUATION
Full Cell Evaluation After Formation 50-70 nm Si
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CALORIMETRY EVALUATION
Full Cell Evaluation After Formation 50-70 nm Si
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Unclear behavior at full charge on the
50-70 nm materials

No apparent sample leakage, no
movement within instrument
Resemblance to odd gas generation
behavior previously seen in 18650
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TGA EVALUATION
Dry ANL electrode films
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MS EVALUATION
Dry ANL electrode films
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ARC MATERIALS EVALUATION

Materials Evaluation of Contribution to Runaway

Sample Size Pressure Comparison
EC:EMC (3:7) 1.2M LiPF6
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CYLINDRICAL CELL EVALUATIONS

18650 Evaluations for Abuse Response

= CAMP 18650 Electrode Coating
— Coatings with lower Si loading were difficult to coat uniformly for
winding
— Coating difficulties may have implications for cell impedance
— Distinct color variation with Si loading — may not show in pictures
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CYLINDRICAL CELL EVALUATIONS

18650 Evaluations for Abuse Response

First formation
4.50 charge — 1.68 Ah
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FULL CELL CYCLE LIFE
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Capacity retention of ANL
electrodes improves significantly
with 10% FEC addition

SNL electrodes show high
capacity retention but also have
lower areal loading and higher
porosity
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NANOAMOR MATERIAL EVALUATION

Electrode comparison and baseline
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NANOAMOR MATERIAL EVALUATION

Electrode comparison and baseline
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