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Overview

Timeline Bal‘rierS
» Start date: October 1, 2017 » Barriers/targets addressed
* End date: September 30, 2021 * Loss of available capacity

» Materials degradation during cycling

[ ] ) 0
Percent complete: 80% . Lifetime of the cell

Budget

« Total funding: $1,333,380
— DOE share: $1,200,000
— Contractor share: $133,380
* Funding received

— FY20: $343,000 * Project lead: TAMU
— FY21:$171,500

Partners

* |Interactions/collaborations
— J. Seminario (TAMU Co-PI)
— J. Zhang, X. Cao (PNNL collaborators)



Relevance and Approach

Impact
lon transport, redox pathways, and concentration polarization events near and at

electrolyte/electrode interfaces influence electrodeposition, degradation behavior,
and battery lifetimes

Obijective
Evaluate and characterize electrolyte structure and ion transport mechanisms in Li-
metal batteries using advanced modeling techniques.

Approach

lonic conductivities and ion transport mechanisms in electrolytes under external applied

voltages by ab initio and classical molecular dynamics:
- as a function of salt concentration,
- in localized high concentration electrolytes

Structural behavior of salt in solution in presence of polysulfide species by ab initio and
classical molecular dynamics



Technical Accomplishments: lonic conductivity analysis-I
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Technical Accomplishments: lonic conductivity analysis-Il
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Technical Accomplishments: lonic conductivity analysis-lli
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Technical Accomplishments: 3.2 contact ion pair, CIP
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CIP is dominant in PS (~100%), but decreases (85%) when the % of diluent increases

- LHCE electrolyte (with high % of diluent) favors PS dissolution




Collaboration and Coordination with Other Institutions

We collaborated with the group of Dr. Ji-Guang (Jason) Zhang at
PNNL that develops localized high concentration electrolytes
(LHCES). They provided several formulations and their
corresponding battery tests. We investigated ion transport
mechanisms, and predicted composition of SEIl and CEl layers.



Proposed future work

Future work includes:

» Evaluate barriers for ion transport vs. electron transfer forces
driving ion deposition for various liquid electrolyte solutions at
the Li metal surface

» Evaluate barriers for ion and electron transport through
amorphous SEls.

« Evaluate SEI mechanical properties and effect of external
pressure on Li deposition during charge.

Any proposed future work is subject to change based on funding levels



Summary Slide

* Accomplishments:
» Electrolyte effects on solution structure and ion transport mechanisms elucidated

 Technical highlights:

» Salt concentration and Li*/electrolyte binding strength determine solution structure (ion
solvation, salt association) and ionic conductivity.

» Diluents facilitate ion transport in LHCEsS.

» Diluents may change cation/anion association behavior, thus ion conductivity in presence of
polysulfides. This is because both PS and salt compete for Li solvation, causing more ion-
pairing in LITFSI.

» Due to the salt-PS competition for Li solvation, PS solubility increases slightly in presence
of high amounts of diluent.

 Impact to VTO objectives:

> New insights on ionic conductivity and solution structure impact battery performance and
lifetime. |
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Electronic conductivity through the SEI

Comparison of reactions of a polysulfide Li,Sg on a Li metal surface covered by a Li,CO; layer (left), and a Li metal
surface covered by a Li,S film (right). From Kamphaus and Balbuena, J. Power Sources, 2021.

Much faster reaction occurs on the Li,S film as revealed by the S charge (yellow) as a function of time. Moreover, the
Li,S film does not store charge, in contrast to the Li,COj film.
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Current/future work: Barriers for Li ion diffusion and deposition
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