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Requirements, tools and methods of EDS analysis for B
battery research

* High solid angle X-ray collection in SEM and in STEM
-> sufficient data quantity for thin FIB lamellae samples
« Hypermap: measure data and process later
-> element distribution maps, line profiles

* Deconvolution:
-> Real distribution maps (also for overlapping peaks)

-> Quantification of spectra and maps

« In situ measurements: EDS at elevated temperatures




Geometric constraints in SEM and STEM: an
Solid and take-off angle are important to consider! ( ><)
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[ools of EDS analysis: Hyperma B(I:aglgn
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Tools of EDS analysis: Deconvolution B(I;%E?R
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Tools of EDS analysis: Deconvolution B(I:agE?R
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Tools of EDS analysis: Deconvolution B(I:agE?R
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Tools of EDS analysis: Deconvolution B(I:aggn
S analysis: convoluti
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EDS in situ / at elevated temperatures an
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Shefey oo Cha"enges:
| STEM ~ess-e0 Thermal radiation -> noise -7
> high background below 2keV:
detection of light elements affected 1000 °C
| ----1100 °C
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This effect depends on:
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Global battery demand between 2018 and 2030, by application (in gigawatt hours)
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Ni-rich NCM layered Cathode Material
(85% Ni, 10% Co & 5% Mn)
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Ni-rich NCM layered Cathode Material
(85% Ni, 10% Co & 5% Mn)
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Morphology of NCM Cathodes in SEM
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Complimentary Instrumentation
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Instrumentation & Workflow

EDX Detector

JIB-4601F Nanomill-1040

JEM 2200FS




Instrumentation & Workflow

Field Emission
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Nanopore Defects in NCM Cathodes

STEM-HAADF of Primary grains

e Nanopores have distinct dark contrast in HAADF images
e Inherent, cycling and/or thermal induced?
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EDX Mapping at Nanopores
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MAG: 110kx HV. 200kV
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EDX Mapping at Nanopores

MAG: 110kx HV: 200kV
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Time-of-flight secondary ion mass spectroscopy (ToF-SIMS) on NCM85
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Implications for synthesis

e Synthesis involves co-precipitation of TM sulfates
NiSO,, CoSO, and MnSO, into metal hydroxides
Ni(OH),, Co(OH),, and Mn(OH),

e LiNiO2 (LNO) prepared using commercial NiO
precursor does not exhibit intragranular
nanopores

23 S. Ahmed, A. Pokle, S. Schweidler, A. Beyer, M. Bianchini,
F. Walther, A. Mazilkin, P. Hartmann, T. Brezesinski, J.
Janek, K. Volz, ACS nano 2019, 13, 10694.

— - Structure &
Technology

- Researc
— Laboratory




Contents

“Nanopore Defects in NCM Cathodes
|
-« HRSTEM and EDXS at Nanopores

\° In-situ Evolution of Nanopores

24

Philipp Universitdt

Structure &
Technology
Researc

Laboratory



In-situ Heating of Nanopores

15.0kV x1,700

e |s heating intragranular nanopores similar to cycling?

e What happens to NCM85 during thermal runway?

A. Pokle, S. Ahmed, S. Schweidler, M. Bianchini, T. Brezesinski, A. Phili o mem s Structure &
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In-situ Heating of Nanopores
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In-situ Heating of Nanopores
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Formation of Nanodomains
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EDX and EELS on Nanodomains

Intensity (a.u.)

Energy Loss (aV)
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Beyer, J. Janek, K. Volz, ACS applied materials & interfaces 2020,
12,57047

Intensity (a.u.)

Intensity (a.u.)

|

L

== Degraded Area
b : m—= Nanoparticle

Ni L-edge

850 900 950
Energy Loss (eV)

O K-edge

500 550 600 650
Energy Loss (eV)

— - Structure &
Technology

[ Research
— Laboratory



Contents

Surface Coating and thin-films

e EDXS at Lithium-Cobalt oxide thin-films

\° EDXS on NCM Surface Coatings
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Lithium Cobalt Oxide thin-film on Al,O; Substrate

STEM-BF Co-Al Overlay




EDX Spectrum of Lithium Cobalt Oxide thin-film on Al,O; Substrate
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Titanium Oxide (TiO) coating on NCM

Ni-Ti Overlay




EDX spectrum from TiO coated NCM
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Conclusions

e The intragranular nanopores evolve with cycling and temperatures.

e Sulfur species identified with STEM-EDX

e Thin coatings and contaminant layers detected.

e Contaminations can be introduced at any stage of synthesis.
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Comparison of the same sample STEM - SEM B(I:aggn
(<O

STEM 200kV SEM 20kV SEM 20kV
60 mm2 EDS detector 60 mm2 EDS detector 60 mMmm24x15mm?2
@WD= 8mm FlatQUAD detector
@QWD=16mm

N/
.4

take off angle=22° take off angle=35" take off angle=60-70°
solid angle~0.26sr solid angle<0.043 sr}— solid angle=|0.7-1 sr]|
beam current~0.05 nA> beam current~|2nA beam current~ 2nA

X7 more X-ray signal x15-20 more X-ray signal




Comparison of the same sample STEM - SEM

STEM 200kV SEM 20kV
HAADF image In-lens image

WD=8mm

Images taken under measurement conditions optimized for
EDS analysis

Image quality does not affect EDS resolution on this scale!

Sample and data courtesy: Michael Malaki, Shamail Ahmed, Materials Sciences Center, Philipps University Marburg
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SEM 20kV

SE image with
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Mparison h m mp | -
w

STEM 200kV SEM 20kV SEM 20kV
60 mm2 EDS detector 60 mm2 EDS detector FlatQuad detector

Total measurement time= 8 mins Total measurement time= 34 mins Total measurement time= 34 mins
Beam current= 0.2 nA Beam current=2 nA Beam current= 2 nA
Input count rate ~ 1 kcps Input count rate ~ 30 kcps Input count rate ~ 460 kcps

Sample and data courtesy: Michael Malaki, Shamail Ahmed, Materials Sciences Center, Philipps University Marburg
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STEM 200kV SEM 20kV SEM 20kV
60 mm2 EDS detector 60 mm2 EDS detector FlatQuad detector

Sample and data courtesy: Michael Malaki, Shamail Ahmed, Materials Sciences Center, Philipps University Marburg
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STEM 200kV SEM 20kV SEM 20kV
60 mm2 EDS detector 60 mm2 EDS detector FlatQuad detector

Sample and data courtesy: Michael Malaki, Shamail Ahmed, Materials Sciences Center, Philipps University Marburg
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SEM 20kV e, Quantitative line profiles (Cliff-Lorimer method)
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