CHEMICAL IMAGING OF CATHODE MATERIALS

Automating the analysis of XRD-CT data to facilitate quicker understanding of

the structure and life cycle of a LiNiO, cathode
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ABSTRACT MOTIVATION METHODS
Lithium-ion batteries (LIBs) provide a combination of " Facilitating  quicker and = XRD-CT scans of LNO cathode samples with 150 nm resolution.
high energy and power density that is incomparable easier data analysis to

to other battery materials. The most heavily
researched and implemented LIB uses LiCoO, (LCO)
as the cathode material. However, the use of cobalt is

accelerate the research of
more environmentally-
friendly cathode materials

" Finden Ltd reconstruction program to produce 3D models of the
sample.

= Segmentation methods to determine different phases in the

than LCO. cathode.

greatly problematic due to the environmental and
human costs of its extraction.lt] Therefore, research

into alternative cathode materials is vital.

= Peak fitting of diffraction patterns to allow crystallite size and
lattice parameters to be calculated.

= Researching the structure of
the LNO cathode so that it

This study aims to develop programs in Python which may exceed the performance 1.0
automate the analysis of X-ray Diffraction Computed and usage of unethical LCO - (00 3]
Tomography (XRD-CT) data. The programs are able to in the future. i
idgntify- regions  of ce.rtair.m cryst.allographic = Understanding degradation ;;,o.s- (101]
orlgntatlons and extract phy5|FaI |.nformat|on such as mechanisms of LNO allows % .
lattice parameters and crystallite size. improvement of the cathode 2 \,\J
The programs were applied to samples of a LiNiO, material. 0.2 w LL
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C-AXIS PARAMETER

= [ncrease in c-axis upon cycling is consistent with transition from H1 to H2.

CRYSTALLITE SIZE

" Increase in crystallite size upon cycling due to increased ordering/layering

upon transition from H1 to H2.
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IMPACT / NEXT STEPS INTERN BIO

®= The data analysis procedures developed in this project have been shown to work reliably and efficiently
for the LNO cathode material- the structural changes observed are consistent with those cited in

literature. Abby is studying Chemistry at The University of

Birmingham. She is interested in computational
chemistry and characterization @ methods,
specifically UV-Vis spectroscopy and XRD. Having
gained invaluable experience in programming and
XRD-CT analysis through her internship, she
aspires to apply the skills and knowledge she has
learnt to a future career in scientific software
development.

= Valuable insights into the LNO structure have been obtained in this project which could be used to
improve the cathode material. Engineering the cathode particles to have no differing orientation in the
centre could be attempted to see if there is increased performance.

= Possible next steps would be to analyse the material after one or two cycles, or to monitor the effects
of doping or heat-testing.

= XRD-CT can be applied to many materials in the battery field and beyond, so the procedures developed
in this project have a wide scope.
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