
Peeling back the layers:
Understanding the new materials that will 
power the energy revolution

Andy Holwell, Stephen Kelly
Manager Business Sector Industrial Research
ZEISS Research Microscopy Solutions

October 112022



Headquarters: 
Oberkochen , Germany

35,375 People

Locations worldwide

100
Countries

50

ZEISS Worldwide

Our innovations help our customers change the world 

Semiconductor 
NbovgƂjoh Ufdi

Industrial 
Quality & Research

Medical 
Technology

Consumer 
Markets

Years

175



Materials microscopy is only really about four things
And their dimensions, chemistry and interactions

Grains Particles Interfaces Pores



Providing correlative insights into battery performance and safety
From pack to cell, to electrode, to particle characterization

Inspect 
foil stacking, welding 
joints, contacts using 

metrology and 
imaging data from 

computer-
tomography

Reveal critical structural 
defects, aging 

mechanism by cycling, 
or mechanical 

deformation using X-ray 
microscopy 

Detect particle 
contamination, 

charge/discharge 
states, swelling, 

dendrite formation or 
surface roughness 

using light microscopy

Characterize particle 
SEI layer formation 
and Li-distribution 

using He-ion 
microscopy with 
SIMS  integration

Topography and chemical 
elemental composition of 
materials and components 
using electron microscopy 
with EDS, AFM and Raman 

Collect high-resolution 
3D structural  

information for porosity 
and transport properties 

using ultra high 
resolution x-ray 

microscopy or FIB 
technology
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Generations of batteries
and materials

Å Successive generations of battery 
materials must continue to evolve to 
meet the challenges of electrification

Å Safety

Å Capacity

Å Rapid charging

Å Longevity

Å Cost

Å Availability of raw materials

Å Recyclability of used batteries

Electronics 2020, 9(7),1161; 
https://doi.org/10.3390/electronics9071161
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Battery raw materials Ɗstatus quo

Cathode material

Metallic oxides

Novel chemistries based on 
Li, Ni, Co, Mn, Fe, Al, P

NMC, LCMO, NCA, LFP 
(LNO) 

Majority of IP and USPs

Separator material

Permeable polymeric ion 
transport membrane

Binder and electrolyte

Latex binder, Phosphorus 
based electrolyte

Anode material

Almost always graphite 
(mined or synthetic)

Latex binder

Copper active layer



Beyond lithium and carbon
Most research has looked at cathode material, less at anode and electrolyte
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PƃExzfset al, Journal of Materials Chemistry 2(25):9433-9460 DOI:10.1039/C4TA00534Ahttps://batteriesnews.com/li-ion-batteries-performance-materials-sustainability/

http://dx.doi.org/10.1039/C4TA00534A
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The Battery ƊAn Overview

Batteries are not a single material

Battery analysis tasks
ÁMeasuring layers Ą inspection

ÁLooking for defects Ą link to degradation

ÁEvaluate new materials Ą performance / degradation

ÁUnderstanding degradation Ą in situ monitoring

ÁUnderstanding battery performance Ąmodelling

Cathode C.C.Cathode

Separator

Anode

Anode C.C.



Li-Ion Batteries: A Complex, Multi -Scale Problem

Packaging/

Assembly

Particle 

Fabrication 

Defects

Layer Quality / 

Bulk Defects

Particle Size/Shape

Porosity & 

Transport

SEI Formation & 

Defect Evolution

Shearing et al. (2012). Journal of The Electrochemical Society. doi:10.1149/2.053207jes

http://jes.ecsdl.org/content/159/7/A1023


Safety Concerns

Tbgfuz jt b nbkps dpodfso xifo eftjhojoh mjuijvn jpo cbuufsjft- boe jt bmtp dsjujdbm xifo dibsbdufsj{joh tbnqmftſ



Non -Destructive Imaging
X-ray Microscopy with Resolution at a Distance (RaaD)

Analysis of lithium ion batteries is challenging Ɗmany critical efficiency and safety effects only become apparent with aging 
Ɗstudies of microstructure over time are critical to understand lifetime dynamics 

Á X-ray microscopy scans the intact sample to identify areas of interest and zoom in for high resolution imaging 

Á X-ray CT at this resolution requires complete disassembly of the battery - needs glovebox and solvents, skill and time



Large volume high resolution 3D imaging of Li ion battery
ZEISS XradiaVersa 620
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GeminiSEM - Beam energy 600 V, Inlens SE image

Lithium cobalt oxide 
(LiCoO2) cathode 

particle

Conductive additive

Polymer 
binder

Polymer 
separator

Fine-Scale Details of Battery Materials
Revealed by Electron Microscopy



Cross-section of Lithium Ion Battery Cell
NCM111 cathode / Ceramic coated separator / Si-Graphite anode

ÁLN2 Cryocross-sectioned LIB cell 

�� NCM 111 cathode; ceramic (boehmite) coated separator; Si/Graphite(1:9) anode

ÁEsBdetector reveals exceptional material contrast

�� Ceramic coated layer on separator; silicon particles; NMC111 particles

30 µm

InLens SE Energy Selective Backscatter (EsB)

NMC111 + Carbon Binder Domain

Ceramic Coated Polymer Separator

Graphite + Silicon


