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11:00am BT2+AS+CA+TF-ThM-13 Understanding the Electrically-Limited
Reaction Kinetics and Dynamics for Conversion Electrode Iron Fluoride,
Chuan-Fu Lin, Binh Hoang, Catholic University of America INVITED
To maintain efficient reaction kinetics in standard electrodes, fast and
stable ionic and electronic conductive networks are required for long-term
reversibility, and this poses the major challenges for conversion-type
electrode materials. The phase separation reaction, CM + Li* + e -> M
(reduced metal) + LiX (Li compounds), induced by the lithiation process
deteriorates the structural integrity, which certainly destroys the original
ionic and electronic pathways and reconstructs new ones. However, it is still
unclear whether the transports of conversion electrode are benefited or
hindered from the reconstruction of transport pathways due to phase
separation, yet the dynamic evolution of electrical conductivity in these
systems remains overlooked.

This work aims to investigate the electrically-limited reaction of conversion
electrodes upon phase separation and recombination by studying the
structural, electrical, and electrochemical properties of amorphous and
crystalline iron (Ill) fluoride (FeFx) thin films synthesized via sputtering
deposition. Using a binder-free lateral device architecture and probing
measurement, we dynamically mapped resistivity evolution during
electrochemical cycling. While pristine crystalline films exhibit lower initial
resistivity than amorphous films, deep lithiation triggers a dramatic drop in
resistivity by over five orders of magnitude in both structural variants.
Despite the massive volume fraction of the insulating LiF byproduct (1 :
4.17 for Fe : LiF ratio), the resistivity reduced to ~0.35 Q-m, demonstrating
a common conduction pathway formed by a metallic Fe network within the
nanocomposite. Correlating this resistivity evolution with X-ray
Photoelectron Spectroscopy (XPS) spectra reveals the electrically-controlled
reaction dynamics of the thin-film conversion electrodes. Conversely,
delithiation results in a resistivity increase of two orders of magnitude,
driven by a rate-dependent electrochemical "trapping effect." Fast charging
causes isolated Fe domains electronically stranded within the LiF matrix and
driving irreversible capacity loss. These results elucidate the coupling
between chemical quantifications, reaction dynamics, and electrical
properties, providing understanding of the influence of the electrical
conductivity for high-energy-density conversion cathodes.

11:30am BT2+AS+CA+TF-ThM-15 Molecular Mapping Investigations of
Prelithiation Alloy Formation via Thermal Evaporation on Silicon Based
Electrodes, Gabriel Parker, Amanda Musgrove, Gabriel Veith, Ivan
Matyushov, Xiao-Ying Yu, Oak Ridge National Laboratory, USA

Abstract: Silicon based composites have become increasingly popular as
potential anodes for lithium-ion batteries due to their large storage
capacity, relative abundance, and low cost. However, these anodes often
see reduced initial columbic efficiency (ICE) due to disruptive volume
expansion up to 300% and continuous unstable solid electrolyte interphase
(SEI) layer formation. Prelithiation, the process of adding excess reservoir of
Li to the electrode to compensate for irreversible SEI formation losses
during their sample preparation, has proven to solve the issue of
immediate capacity loss. Thermal evaporation is a prelithiation technique
with limited studies on its effectiveness. In this study, time-of-flight
secondary ion mass spectrometry (ToF-SIMS) is used to investigate the
benefits of prelithiation via thermal evaporation. ToF-SIMS provides
chemical mapping and spatial information in 2D and 3D visualizing the
deposition of lithium, identifying Li\Siy alloy and LixSiyO. silicate formation,
and the distribution of lithium passivation into the electrodes. Passivation
under different atmospheric conditions, such as inert Argon (Ar) and Ar/
carbon dioxide (CO2), highlights the impact of the environment on the
passivation effectiveness and formation of Li.Siyalloy and LiSiyO; silicate.
The ToF-SIMS molecular imaging and depth profiling results indicate that
prelithiation via thermal evaporation effectively distributes lithium
throughout the depth profile thickness of several hundred nanometers. It
induces a greater degree of Li:Si,O; silicate formation over Li,Siy alloy. The
results provided by the ToF-SIMS are corroborated by electrochemical
measurement of the electrodes under inert Ar and Ar/CO; environments
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indicating that the Ar/CO; electrode retained a higher specific capacity over
multiple cycles. Our ToF-SIMS characterization results show the
effectiveness of thermal evaporation in producing a more stable electrode
and an electrode with an effective lithium reserve that can preserve its
capacity.

Keywords: Solid-state batteries, solid-electrolyte interface, ToF-SIMS,
prelithiation, molecular imaging.
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