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Motivation

* Many US households do not have at-home charger
* Long-distance travel: limited by EV charging time

 Taxis requires fast turn-around for business operation
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Challenges for Fast-Charging Li-ion Batteries U
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* Reduced capacity utilization
* Ohmic overpotential
* Interfacial overpotential (charge transfer, SEI)
e Concentration overpotential
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* Accelerated degradation A L.
* Anode: Li plating o Y i
e Cathode: Particle crack and fracture I el ool

Ahmed, S., Bloom, I., Jansen, A. N., Tanim, T, Dufek, E. J., Pesaran, A., Burnham, A,, Carlson, R. B., Dias, F., Hardy, K., Keyser, M., Kreuzer, C., Markel, A., Meintz, A., Michelbacher,
Mohanpurkar, M., Nelson, P. A., Robertson, D. C., Scoffield, D., ... Zhang, J. (2017). Enabling fast charging — A battery technology gap assessment. Journal of Power Sources, 367, 250-262. 4



Criteria for electrolyte capable of fast-charging

e Transport properties
* High Li* diffusivity (conductivity)
e High Li* transference number
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* Interfacial properties
* Low SEl resistance
* Low charge transfer resistance
* Low de-solvation energy
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Carbonate-based electrolyte has high interfacial resistance

EC/Li Ratio
In commercial carbonate electrolytes , go O 112334 4587 14
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Ether-based electrolyte has much lower interfacial resistance U

EIS of Li| Li symmetric cell
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Can we lower salt concentration in concentrated LiFSI-DME? U

e Concentrated electrolyte (HCE) HCE LHCE
* High viscosity, low conductivity, poor b si' C m:;m e Sovent  Contact ion pair
wettability, high cost “ﬁ'g . 4 a aogsl
e Localized high-concentration A \f‘”' A....,... ;\\
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* But fluorinated solvents are expensive
* Can we dilute concentrated LiFSI-DME with ( ). (j o o
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* Reduce salt concentration, electrolyte viscosity, Lest i

increase conductivity
 Maintain its compatibility with graphite
e DOL: LITFSI-DME-DOL commonly used in low
voltage Li battery, such as Li-S, Li-O,
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Cao, X. et al. (2021) ‘Review—Localized High-Concentration Electrolytes for Lithium Batteries’, Journal of The Electrochemical Society, 168(1), p. 010522.

Cheng, H. et al. (2021) ‘In situ initiator-free gelation of highly concentrated lithium bis(fluorosulfonyl)imide-1,3-dioxolane solid polymer electrolyte for high performance lithium-metal
batteries’, Materials Today Energy, 20, p. 100623.



LITFSI can stabilize DOL and prevent po

A=10 m LiFSI-DME (~5M)
B=1.34 m LiTFSI-DOL
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Fast-charging in Li-Graphite half-cells

LP50
1M LiPF, EC-EMC

LP30
1M LiPF6 EC-DMC

C/3 de-lithiation

Graphite:
2.1 mAh/cm?2
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in 10.5 minutes
(4C and 30 °C)
e 175 miles in 8 minutes
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Reduced Interfacial Resistance
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SEI dominated by LiF
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Table 3. Atomic Percentage of Different Elements in SEI
(Excluding C)

atomic percentage (%)

sputter time F O N S
unsputtered 26.2 42.3 10.0 21.4
30 s 57.3 27.3 3.70 11.8
3 min 66.9 19.9 4.92 8.80
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Fast-charging in LFP-graphite full-cells
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Conclusion

* EC-based electrolyte: large interfacial resistance

* Ether-based electrolytes: a potential solution due to the
significantly reduced interfacial resistance

* > 10X smaller R, > 10 X smaller R ; 1/3 of de-solvation energy
e 70% charge in 10.5 minutes for Li/graphite cell at 2.1 mAh/cm2. LP50 fails to charge at this condition

* Solvent co-intercalation: can be addressed at a reasonably low
concentration (1.9M), by diluting concentrated LiFSI-DME with
LiTFSI-DOL

* Stable cycling in Li/graphite half cells for >500 cycles

* However, compatibility with oxide cathode requires more study
* Gelation of DOL
* Anodic stability
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