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Laboratories

Industry Service Lab Accelerates the Development of Lithium-ion Batteries

By Jiangtao Zhu, Shaojie Wang, Cynthia Wang, Pritesh Parikh, Yan Xu, Yunzhi Liu, Jung Woo Park, Jose Hernandez Perez, Sarah Wang, Tina Hsu, Christopher Kurtz, Sina Rastegar, Xiuhong Han

810 Kifer Road, Sunnyvale, CA 94086, USA
JiangtaoZhu@-eurofins-nanolab.com
www.eag.com

All Techniques available at EAG
Most are suitable for battery analysis

Eurofins EAG — 1
- Over 40 years experience in materials testing services %%%% _ _
- QOver 4,000 clients in 20+ facilities located in the United States, Europe and Asia 600+
HIGHLY EDUCATED EMPLOYEES
* |TAR registered and clients IP are secured
%
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» A dedicated Battery Lab in Milpitas, CA. s & CopoateHedarics >
- Total area ~2000 square feet with a dry room — S—
Emissivity LIBS TEM-STEM
«  New services:
¢ Ce” Ievel and paCk Ievel CyCIing teSt Advanced Microscopy Bukn'\;lljlt;srm Chemical Analysis Failure Analysis Gas Analysis Chaxiiz:zigstion Tseesli[?:(;”ty Surface Analysis
« Cell level cycling at different temperature (-40°C up to 100°C) e

Compositional analysis (metal/lithium content of electrode raw material)

. Phase identificati [ d ial
* EIS measurement: 10pHz to 1MHz P —
. . Elemental composition (electrode, electrolyte, separator)
o Battery teardown |nS|de Ar prOteCted glove bOX Flemental analysis, mapping and depth profiling (electrode, separator)
Chemical state and composition (electrode, separator)

SEI characterization (electrode, separator)

o COi n Cel I fa b ri Cati O n Particle size, particle coating analysis and particle depth profiling (electrode, separator)

Identification and quantification of anions and cations (electrode, electrolyte)

Levels of atmospheric species (electrode, electrolyte)

- Defect, delamination of battery analysis by optical microscopy Orgenic compostio (eectode, separtor

Characterization of volatile organic species (electrode, electrolyte)
Impurity detection (electrode, electrolyte, separator)

+ Elemental analysis by Laser-Induced Breakdown Spectroscopy (LIBS) Ongenic compound deradstion electro,ectrolyc separatol

Crystallinity phase (electrode, electrolyte)

Thermal properties (electrode, electrolyte, separator)

* Large cross-section and FIB/SEM tomography by Plasma FIB.

Corrosion and contamination analysis

- Air-free transfer mechanism from glove box to other materials characterization o —
i nStru m e ntS . Trmental analysis (recycled battery materials)

Composition analysis (recycled battery materials)

Optical Microscopy and Laser Induced- Scanning Electron Microscopy and Energy- lon Polishing and Plasma Focused lon Beam
Breakdown Spectrosco Py Dispersive Spectroscgpy In order to study the active materials within the whole electrode, large cross
- High resolution SEM/EDS can provide more detailed information of the sections are necessary. Now mm size cross section can be obtained within
EAG battery lab by two methods:

« Digital Camera documents the big defect like delamination shown below.
b 2t _ 0

battery materials morphologies and elemental maps.
* Right maps are the 2D elemental distribution of a commercial battery
cathode by SEM/EDS. » Plasma FIB

Both methods can maintain battery electrode structure integrity without
damage.

» Broad beam ion polishing

« LIBS could provide elemental analysis instantly under Optical Microscope.
Shown below is a cathode materials of LiFePO,. Light element like lithium,
carbon, oxygen could be detected with um resolution.
i 1:_-:-: - i":::‘up Rl 1% Ni L series 00y Co L series 00y Al K series 100, O K series
—— Py —C
i ! 0w ot
1000 nm
Transmission Electron Microscopy TEM and EDS/EELS Precession Electron Diffraction
«  TEM has higher resolution than OM and SEM. « STEM/EDS/EELS provides 2D elemental maps «  TEM/PED provides phasg distribution and grain orientation map at nm
- Surface structure degradion could be investigated with atomic resolution o sren c IV o L - [ ks | 20 scale. As shown below, NIO was detected around cathode grains where
& F o) N P near the edge or crack. Cathode grain has a homogeneous distribution

AC-STEM.
» Lithium ion could also be observed with ABF-STEM image directly.

based on their orientation maps.

STEM
Phase Map
h W' Hi Pfofm l_i P To . 5, LiNi,Co,Al,0, NiO Orientation of LiNi,Co,Al,0,
o wulWlWlll' ’”“M I Illll!%mm|~|||m|Mh~ p,\lﬂ - EELS helps understanding the chemical state of transition metal. As shown
1;;' “HH]HHW' l“'“mll below, Mn changed into lower oxidization state at the surface, indicating
h = ABF-STEM % wa ADF-STEM [ the degradation.
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Cryo FIB and Cryo TEM/EELS FIB/SEM Tomography Atom Probe Tomography

* RT FIB-creates significant artifact while Cryo FIB mitigates beam damage. « 3D Tomography based on FIB/SEM directly visualize the morphologies, « APT tomography reveals nm scale 3D structure and composition analysis
- CreEIs OB pore structure, grain distribution. While Ga based FIB can only provide a includes light elements and trace elements (down to tens of ppm level) for
PO IEMPETAte Ve small field of view, the new developed PFIB makes it possible to study cathodes like NCA, NCM, LFP and LCO as well as silicon-based anodes
= materials with a larger FOV (shown below 150umx100umx100um data and oxide based solid state electrolytes. Shown below is a representative
set). map for certain elements in the battery cathode.
« Elemental tomography is also possible with the aid of EDS while collecting — |
FIB/SEM.

« RT TEM on Li-containing materials is challenging due to beam damage.
While structure was preserved at cryo temperature which makes elemental
analysis possible by EELS.

Room Temperature-TEM Cryo-TEM
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https://www.eag.com/techniques/imaging/atomic-force-microscopy-afm/
https://www.eag.com/techniques/imaging/atom-probe-tomography-apt/
https://www.eag.com/techniques/spectroscopy/auger-electron-spectroscopy/
https://www.eag.com/techniques/phys-chem/bet-bjh/
https://www.eag.com/techniques/imaging/cryo-tem/
https://www.eag.com/techniques/phys-chem/differential-hall-effect-metrology-dhem/
https://www.eag.com/techniques/phys-chem/dilatometry/
https://www.eag.com/techniques/phys-chem/dynamic-mechanical-analysis-dma/
https://www.eag.com/techniques/spectroscopy/spectroscopic-ellipsometry/
https://www.eag.com/techniques/spectroscopy/emissivity/
https://www.eag.com/techniques/spectroscopy/electrothermal-vaporization-etv-icp-oes/
https://www.eag.com/techniques/chromatography/gas-chromatography-gc/
https://www.eag.com/techniques/mass-spec/gc-msms/
https://www.eag.com/techniques/mass-spec/glow-discharge-mass-spectrometry-gdms/
https://www.eag.com/techniques/spectroscopy/fourier-transform-infrared-spectroscopy-ftir/
https://www.eag.com/techniques/chromatography/gel-permeation-chromatography-gpc/
https://www.eag.com/techniques/phys-chem/differential-scanning-calorimetry-dsc/
https://www.eag.com/techniques/imaging/dual-beam-fib/
https://www.eag.com/techniques/imaging/electron-beam-induced-current-ebic/
https://www.eag.com/techniques/imaging/electron-backscatter-diffraction-ebsd/
https://www.eag.com/techniques/phys-chem/destructive-physical-analysis-dpa/
https://www.eag.com/techniques/spectroscopy/electron-energy-loss-spectroscopy-eels/
https://www.eag.com/techniques/spectroscopy/energy-dispersive-x-ray-spectroscopy-eds/
https://www.eag.com/techniques/spectroscopy/hfs/
https://www.eag.com/techniques/chromatography/high-performance-liquid-chromatography-hplc/
https://www.eag.com/techniques/chromatography/ion-chromatography-ic/
https://www.eag.com/techniques/phys-chem/destructive-physical-analysis-dpa/
https://www.eag.com/techniques/spectroscopy/inductively-coupled-plasma-icp-oes/
https://www.eag.com/techniques/spectroscopy/instrumental-gas-analysis-iga/
https://www.eag.com/techniques/mass-spec/la-icp-ms/
https://www.eag.com/techniques/mass-spec/liquid-chromatography-mass-spectometry-lc-ms/
https://www.eag.com/techniques/mass-spec/inductively-coupled-plasma-icp-ms/
https://www.eag.com/techniques/mass-spec/lc-ms-ms/
https://www.eag.com/techniques/mass-spec/matrix-assisted-laser-desorption-maldi/
https://www.eag.com/techniques/spectroscopy/nanoindentation/
https://www.eag.com/techniques/spectroscopy/nuclear-magnetic-resonance-nmr/
https://www.eag.com/techniques/spectroscopy/laser-induced-breakdown-spectroscopy-libs/
https://www.eag.com/techniques/imaging/optical-profilometry/
https://www.eag.com/techniques/spectroscopy/particle-induced-x-ray-emission-pixe/
https://www.eag.com/techniques/spectroscopy/nuclear-reaction-analysis-nra/
https://www.eag.com/techniques/spectroscopy/raman/
https://www.eag.com/techniques/spectroscopy/rutherford-backscattering-spectrometry-rbs/
https://www.eag.com/techniques/spectroscopy/refractrometry/
https://www.eag.com/techniques/phys-chem/residual-gas-analysis-rga/
https://www.eag.com/techniques/phys-chem/rheology/
https://www.eag.com/techniques/phys-chem/real-time-x-ray-rtx/
https://www.eag.com/techniques/phys-chem/scanning-acoustic-microscopy-sam/
https://www.eag.com/techniques/imaging/scanning-electron-microscopy-sem/
https://www.eag.com/techniques/imaging/scanning-electron-microscopy-cathodoluminescence-sem-cl/
https://www.eag.com/techniques/mass-spec/secondary-ion-mass-spectrometry-sims/
https://www.eag.com/techniques/imaging/tem-stem/
https://www.eag.com/techniques/tensiometry/
https://www.eag.com/techniques/phys-chem/tga-ega/
https://www.eag.com/techniques/phys-chem/thermogravimetry-differential-thermal-analysis-tg-dta/
https://www.eag.com/techniques/phys-chem/thermal-analysis-tga/
https://www.eag.com/techniques/chromatography/thin-layer-chromatography-tlc/
https://www.eag.com/techniques/phys-chem/thermomechanical-analysis-tma/
https://www.eag.com/techniques/spectroscopy/total-reflection-x-ray-fluorescence-txrf/
https://www.eag.com/techniques/mass-spec/tof-sims/
https://www.eag.com/techniques/spectroscopy/x-ray-photoelectron-spectroscopy-xps-esca/
https://www.eag.com/techniques/chromatography/ultra-high-performance-liquid-chromatography-uhplc/
https://www.eag.com/techniques/spectroscopy/uv-vis-spectroscopy/
https://www.eag.com/techniques/phys-chem/viscosity/
https://www.eag.com/techniques/spectroscopy/x-ray-diffraction-xrd/
https://www.eag.com/techniques/spectroscopy/x-ray-fluorescence-xrf/
https://www.eag.com/techniques/spectroscopy/specular-x-ray-reflectivity-xrr/
https://www.eag.com/techniques/mass-spec/pyrolysis-gc-ms/
http://https/www.eag.com/techniques/phys-chem/ph/
https://www.eag.com/techniques/mass-spec/inductively-coupled-plasma-icp-ms/
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