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Introduction

Correlation (DVC) is enabling new, quantitative insights into these
processes.
Changes in the three-dimensional microstructural data is quantified
using DVC of time lapse volume images recorded on a laboratory Xray microscope (Xradia Versa XRM-500), yielding a 4-dimensional
(3D + time) analysis through a charge-discharge cycle. This is the
first time DVC has been applied to explore in operando the local
changes in structure influence battery performance. The volume
images acquired had a resolution of 1.25 μm per voxel and one
image is shown in Figure 4. DVC parameters utilized 256 x 256 x
256 sub-volume size reducing to 32 x 32 x 32 with 75 % overlap,
yielding a grid resolution with 8 pixels steps in three dimensions.
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Figure 1 : Cutaway view of the reconstructed image of the battery
and vectors showing dilation in the charged state
Microstructural evolution, which can occur during processing and
operation, is known to influence the performance and lifetime of
energy materials including batteries, fuel cells, super capacitors,
hydrogen storage media and photo-catalysts. Whilst the impact
of microstructural degradation can be severe, the mechanism of
structural evolution at microscopic length scales is often poorly
understood due to the difficulty of following such microstructural
changes. In the case of batteries, optimization of battery performance can pose conflicting microstructural demands, for example
high-rate batteries mandate high volume specific areas for rapid
(de-)intercalation of Li+ ions, but this requires small grains which
reduces the overall battery capacity. In this note quantitative studies of microstructural evolution occurring in a commercial coin
cell battery (Panasonic ML414) as a function of battery state of
charge are presented, and it is demonstrated how Digital Volume

Figure 2 : The Harwell Science and Innovation Campus in Oxfordshire

LaVisionUK Ltd

LaVision GmbH

LaVision Inc.

2 Minton Place / Victoria Road
Bicester, Oxon / OX26 6QB / United Kingdom
E-Mail: sales@lavision.com / www.lavisionuk.com
Phone: +44-(0)-870-997-6532 / Fax: +44-(0)-870-762-6252

Anna-Vandenhoeck-Ring 19
D-37081 Göttingen / Germany
E-Mail: info@lavision.com / www.lavision.com
Tel. +49-(0)551-9004-0 / Fax +49-(0)551-9004-100

211 W. Michigan Ave. / Suite 100
Ypsilanti, MI 48197 / USA
E-mail: sales@lavisioninc.com / www.lavisioninc.com
Phone: (734) 485 - 0913 / Fax: (240) 465 - 4306

FOCUS ON IMAGING

Lithiation-Induced Dilation Mapping in a Lithium-Ion Battery Electrode
by 3D X-Ray Microscopy and Digital Volume Correlation
Manchester X-ray Imaging Facility, School of Materials, University of Manchester, UK
Department of Chemical Engineering, University College London, UK
Department of Earth Science & Engineering, Imperial College London, UK
a

current collector showing least dilation. In combination with high
resolution X-ray microtomography, DVC has allowed a completed
analysis and understanding of this complex process. These tools
are extremely valuable for studies of this nature and have provided
unique insight into the changing relationship between performance
and microstructure in battery materials in situ and in operando.
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Figure 3: (a) A virtual diametrical slice through battery showing
the cell architecture, (b) A cut-away image of the reconstructed
cell, showing the manganese oxide cathode attached to the positive
(uppermost) battery terminal , and (c) high resolution virtual slice
Results
DVC was used to explore the spatial variation in particle dilation
as a function of battery state of charge. In Figure 4 the calculated
displacement vectors (overlaid) showed a pre-dominantly uniform
2-3% linear strain directed away from an anchor point of the
cathode on the terminal positioned slightly off-centre on the battery
casing. After battery discharging, the extent of lithiation of the
manganese (III/IV) oxide grains in the electrode is found to be a
function of the distance from the battery terminal with grains closest to the electrode/current collector interface having the greatest
expansion (≈30%) and grains furthest from the current collector
and closest to the counter electrode showing negligible dilation.
This implies that the discharge is limited by electrical conductivity.
For the first time the microstructural evolution processes occurring
in a functional complete Li-ion battery have been quantified in-situ
in 3 dimensions, providing a unique insight into the relationship
between electrode microstructure and cell performance. The dilation of Mn2O4 particles as a function of state of charge is found
to be dependent upon the distance of individual grains in the
electrode from the battery terminal, with grains furthest from the
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Figure 4: Reconstructed radial slice (grayscale) through the central
plane of the cylindrical cathode in the charged state, overlaid in
blue with the positions of the Mn2O4 grains after battery discharge.
Inset figures show the displacement vectors of the grains as
determined by DVC.
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