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Lithium metal anodes can theoretically increase battery capacity |




Traditional Li-lon Batteries
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How Can We Improve Rechargeable Batteries?
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Rechargeable Li Metal: Chemical & Mechanlcal

« Uncontrolled morphology > many problems
« Short circuits = fire
» Excessive solid electrolyte interphase (SEI) = low Coulombic efficiency,

high impendence, and Li consumption

» Li gets stranded and disconnected = “dead” Li '
Gireaund et al., Electrochem. Comm. 8, 1639 (2006)

Lithium deposition Lithium dissolution Cycling
> > >
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Lithium Self-Discharge and Prevention
_ Qinet I. ae omunications DOI: 10.38/ncomms7362 100 L—___________

80 | 1.0
;5“ 4.0
E 60 | 8.0
=
@
[&] . .
E 40 F CE = st*r:pg:-red capac;f}r *100
deposited capacity
20 4 M lithium bis(fluorosulfonyl)imide
in 1,2-dimethoxyethane
D L 1 1 L
0 200 400 600 800 1,000
Cycle number

TMS 2022 150™ ANNUAL MEETING & EXHIBITION

www.tms.org/TMS2022 « #TMSAnnualMeeting



" CINT’s Electrochemlcal TEM Discovery Platform

*planar electrodes on insulated
chip surface with no separator

__ masked
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working o
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Harrison et al. ACS Nano
10.1021/acsnano.7b05513



deposition 2 deposition 4 deposition 10

stripping

Morphology images after every
deposition and stripping step (Li = white)

- s ° CE VERY low (18% % 9%)

%:‘— ° Widely varied morphology

g -2 8 . . . .

3 .. 3 bright field imaging
- WE = 60 nm Ni/5nm Ti
2 deposit 6 mA/cm?

8 2 strip 1.5 mA/cm?

(k) Harrison et al. ACS Nano CapaC'ity o 0.1 mAh/cm2

DOI: 10.1021/acsnano.7b05513
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Applied Pressure Critical for High-Density Li

Qian et al. Nature Communications
DOI: 10.1038/ncomms7362
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Harrison et al. ACS Nano
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Controlled Pressure on EIectrodeposﬂed Li
10

counter electrode separator worklng electrode seal pouch
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Effects of Pressure on Li Metal: Low Current
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Effects of Pressure on Li Meztal: Low Current

Low Current: 0.5 mA/cm
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Harrison et al., ACS Appl. Mater. Interfaces 13, 31668 (2021).
DOI: 10.1021/acsami.1c06438
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Characterization: Ex-Situ Cryogenic SEM

+ Plunge-freeze or slowly freeze coin cell battery electrodes Dr. John Watt
_ watt@lanl.gov
* Inert transfer from glovebox into cryo SEM/FIB cint.lanl.gov or
« Cross-sectioning in cryo SEM/FIB to observe electrodeposited Li metal nsrcportal.sandia.gov

& FEl

Vitrobot Scios FIB/SEM Leica Cryo SEM Talos L120C CryoTEM

Captures native, solvated Analysis of surfaces & buried Dedicated low dose, low keV TEM for imaging of beam

state interfaces; 3D tomography Stage sensitive materials
Includes cryo-FIB milling, lift out, and

transfer to the TEM
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Low Current: 0.5 mA/cm

Morphology improves drastically
with pressure (even for 10000 kPa)

Pressure  Average CE (%)

(kPa) First Cycle
0 82.3+6.2
10 90.5 + 4.1

100 97.5 +0.6
1000 93.6 +5.3
10000 106.2 + 1.6

Pressure Thickness 515t

(kPa) Plating (um)
0 91
10 33
100 30

1000 22

10000 17

Harrison et al., ACS Appl. Mater. Interfaces 13, 31668 (2021).
DOI 10. 1021/acsam| 1c06438
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High Current: 4 mAlcm2
Pressure at High Current: 1st Li Deposition Step

i g .\ D : Li deposits are denser with increased pressure but slight difference
AN | " Low current, no transport limitations, Li deposits at most favorable sites
High current, transport severely limited, Li will deposit everywhere

Harrison et al., iScience 24, 103394 (2021).
DOI: 10.1016/j.isci.2021.103394
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Effects of Pressure on Li Metal: High Current

2
High Current: 4 mA/cm
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Harrison et al., iScience 24, 103394 (2021).
DOI: 10.1016/j.isci.2021.103394
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Cross-sectioning without Battery Disassembly

\

- 21° pretilt wedge

Stage Tilt = -8°

HV curr mode det HFW  tilt  bias WD
2,00 kV 0.69 nA BSE TLD 276 pm -8.0 ° 0V 3.8484 mm

Two Celgard 2325 Separators
Li/SEl/electrolyte layers found

DOI: 10.1021/acsenergylett.1c00509
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Pressure at High Current: 51st Li Deposition Step

M Lithium Copper | Steel [ Separator [ SEl/electrolyte/lithium
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High Current: 4 mA/cm
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Harrison et al., iScience 24, 103394 (2021).
DOI: 10.1016/j.isci.2021.103394
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All Pressures: Li Deposition within Separator

. Lithium . Separator .SEIIeIectrontejlithium
A 0.01 MPa

2
High Current: 4 mA/cm

Harrison et al., iScience 24, 103394 (2021).
DOI: 10.1016/j.isci.2021.103394
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fs Laser Slice-N-View of Battery Stack
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A6-2 Experiment

Mean load vs. test number (R=0.4 for all tests)
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‘ Crack elongation {_) Crack blunting * ACOM Sequence humber
[ Interesting video @ 280 fps video
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A6-2 Experiment

®  Main crack length
® Remaining crack lengths

EELEBRATIG
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A6-2 Experiment
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Future: Electrical-Mechanical TEM

Electromlgratlon
Electrlcal discharge
® Can combine with laser stimulus

Nanoindentation tip from PI-95
that applies the electric field
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This work was performed, in part, at the Center for Integrated Nanotechnologies, an Office of Science
User Facility operated for the U.S. Department of Energy (DOE) Office of Science. Sandia National
Laboratories is a multimission laboratory managed and operated by National Technology & Engineering
Solutions of Sandia, LLC, a wholly owned subsidiary of Honeywell International, Inc., for the U.S. DOE’s
National Nuclear Security Administration under contract DE-NA-0003525. The views expressed in the
article do not necessarily represent the views of the U.S. DOE or the United States Government.
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