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INORGANIC CERAMICS

Perovskite (LLTO) Anti-perovskite LiSICON Garnet (LLZO)
Li3xLa2/3_x 1/3_2xTi03 (ngOCl) Li14ZnGe4016 Li7La321‘2012

NaSICON (LAGP) Thio-LiSICON Argyrodite
Li1_3Al0_3Gel_7(P04)3 Li4_xZnGel_xPS4 J LIPS Cl



TWO MODEL
SYSTEMS

Garnet, Li;La;Zr,0,,

Argyrodite, Li PS:Cl

g ;+/Scmt 1-10-3 (Ta doped) 3-103
Stability vs. Li metal stable ?
Electrochemical window wide ?

E /GPa 175.1 22.1
G /GPa 68.9 8.1
p/gcm™3 4.89 1.89

Janek, Nazar, Nan, Maier, Armand, Chen et.al.,, New horizons for inorganic solid state ion conductors, EES (2018)
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TECHNOECONOMICS

Conventional Li-ion

770 Whi

+ 749 vol.

Argyrodite, Li PS:Cl

1339 Whi!

300 Whkg'!

+ 45% grav.

434 Whkg'!
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TECHNOECONOMICS

Conventional Li-ion

770 Whi!

+ 749 vol.

300 Whkg'!

+ 5% grav.

1339 Whi!

" 315 Whkg'!
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CHARACTERIZATION

MICROSCOPY ~ ELECTROCHEMICAL STRUCTURAL
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SURFACE ANALYSIS

Li metal
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IN-OPERANDO RAMAN

L
a5€er Raman spectra of bare Li PS:Cl
O-rin l
424 PS54
Optical Window ”
50 nm Au/Cu
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Raman shift / cm™

Journal of Power Sources 293 (2015) 941-945 17



IN-OPERANDO RAMAN

Potentiostatic: 15 minutes hold
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a) Pristine Li metal,

EFFECT OF PRESSURE

1.0 mA/cm? 1.0 mAh/cm? 3 MPa
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Voltage IV

EFFECT OF PRESSURE

1.0 mA/cm? 1.0 mAh/cm? 7 MPa

" b) 1st plating
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X-RAY TOMOGRAPHY

Effect of Current Density on Failure Effect of Applied Pressure on Failure
7MPa 1mA/cm?
1mA/cm?, 2mA/cm? 3mA/cm? 7MPa 3MPa

50 cycles failed in 3 cycles failed within 1 cycle 50 cycles 8 cycles, shorted
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ELECTRO-CHEMO-MECHANICS (::a

50/ambda
E @|[©
electrode% 8 electrolyte % 8 electrode
@O @O
0
<
A .100
Transport model output 2
% -200 I 0.16 V
Y
1r 5_ -300
> <)
B\ (]-amming; ;5 400 | 0.24V
= (signature of § )
= Fermi statistics) 32V 5 5007 tension 0(0.1 GPa)
© o6t 0.32V
S0
S -600 * * * *
O O 0 0.5 1 1.5 2
) '
w047 uniform conc. position (nm)
= in the bulk : : :
2 oz Space charging (screening) in
= Li+ depletion double layers produces large
% 05 1 15 forces at the interface

position (nm)

A

Guanchen Li

‘Critical current’ or ‘critical
stress’?

data = ¢ from

Sharifi et al, J. Power Sources 302 (2016) 135

102 10° 10? 10*

current density 7 (A/m?)

A simple predictor:

: 1 -1 305 0>
i eR -C-d .(zyLHSE _yGB)

23




ALL-SOLID-STATE: LTO| Li . PS:CI|LTO

I —
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ALL-SOLID-STATE: LTO| Li PS-Cl|Li
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PROBE-STRUCTURE BASED DISCOVERY
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OXIDES: LLZO

Al-doped LLZTO
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Tape-casted NASICON
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DEVICE FABRICATION

Dense NASICON
electrolyte

Mihkel Vestli
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INDUSTRIAL INTERACTION
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PDRA PRESENTATIONS

Dr. Guanchen Li
Prof. Monroe’s group
University of Oxford

Dr. Ying Zhao
Prof. Fleck’s group
University of Cambridge

Dendrite nucleation in polycrystalline lithium- Towards an Optimized Composite Cathode
conductive ceramics Structure

Dr. Mihkel Vestli
Prof. Irvine’s group
University of St. Andrews

Dr. Paul Sharp
Prof. Rosseinsky’s group
University of Liverpool

Using Probe Structures to Explore the Li-Mg-P-S-Cl Tape-casting of NASICON-based solid state battery

Phase Field with ChemDASH
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