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Abstract

analysis, we believe that mixed halides Li(l,Br,CI,F)
compositions, including graded solid electrolytes,
can be produced by appropriate control of the
reaction pathway. Strategies for doping of the self-
assembling lithium halide solid electrolytes will be
evaluated through combined computation and
experiment. Self-healing functionality will be
iIntroduced by tuning the metal halide and the liquid
electrolyte compositions to provide limited solubility

Objectives

electrode and three-electrode cell constructions to systematically
isolate and interrogate formation of solid halide films on lithium
metal. Cell designs will include “half-cells” having a lithium working
electrode and nonreactive metal counter-electrode, symmetric
lithium-lithium cells, and “full cells” including Li-S and Li-intercalation
cathode cells. Based on laboratory cell testing, down-selects will
be performed and prototype full cells of >10 mAh capacity will be
fabricated and delivered to DOE-specified laboratories for testing
and evaluation.
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The spontaneous reaction between Li metal and This analysis will provide a clear understanding of the active o | s 7
lodine, historically used in lithium iodine primary polyhalide species that will enable the self-assembling and self- BN - Sl e R &
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potentially self-healing rechargeable batteries electrolytes will initially be formed on lithium metal via metal halide 1000 (B) | = = e b s
using Li metal anodes. Based on preliminary additives to liquid electrolytes. We will use a variety of two- a0

(A) Initial impedance for Li-Li symmetric cells using 1M LiPF; in EC/DMC, with (blue) and without
(red) 0.1M Lil. (B) Voltage vs. time during continuous cycling at 5 mAcm? to 2.06 mAh/cm? capacity
(10 um Li metal thickness). (C) After cycling is complete, the cell with Lil shows a small new arc at
the highest frequencies which we attribute to a thin, Lil-stabilized SEI. The cell without Lil exhibits
much greater impedance growth, with the appearance of a large impedance arc at high frequencies
that suggests uncontrolled growth of SEI.
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of the halide in the liquid electrolyte. Any lithium
metal that is exposed during battery cycling, for
iInstance through cracking of the solid electrolyte
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as witnessed by stable LiF forming in the SEI on UvsUp v V)

Adhesion energy of Lithium halides on
lithium using DFT calculations. Adhesion
energy indicates overpotential to
nucleate/grow on the lithium surface

graphite anodes in Li-ion cells. The wide range of
formation potentials suggests that the choice of
solvent and halogen will allow a wide range of
tuning to accomplish partial solubility. This area is
especially amenable to thermodynamics-based

Schematic showing the nucleation and growth of the halide layer.
The insulating layer shuts off its growth as the layer thickens.

Phase diagram for L,/I/l;- as function of potential
in different solvents. So by choosing appropriate
solvent and potential, one can control the halide
species in solution

computational search in order to guide Summary and Outlook
experiments. = .
e LAF il — Lil  —Mg doped Lil *Approach for self-forming and self-healing solid electrolyte layer
Tonic Conductivity Clear evidence that halide additives improve cycling in Li-Li symmetric cells
Device Integration Electrochemical Careful choice of electrolyte, electrode (cathode) and halide additive combination and concentration of
"%, Stability

halide in solution is crucial
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