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Energy storage will be according to the European Energy Storage Technology Development Roadmap
(EASE/EERA) towards 2030 [1], of high importance for worldwide climate energy objectives as it has
the potential to cover the entire energy value chain. Especially lithium-based technology will play an
important role in this context [1]. However, lithium (Li)-ion batteries still have to struggle with several
shortcomings, mainly due to material deficiencies, leading to a limited lifetime and the still high energy
costs per kWh. In order to conquer these shortcomings, the use of novel material approaches and
processing steps need to be investigated, which are also suitable for industrial applications. A
breakthrough in this manner can be achieved e.g. by the use of, (1) carbon-based materials, (2)
silicon(Si)-based material and (3) cost efficient electrode and cell manufacturing processes. However,
still several scientific and technological questions for silicon based lithium-ion batteries e.g. the impact
of various loading cycles, which reduce the life time of batteries and components and of storage
capacity, are open. In this context especially the microstructure of the electrode material plays an
important role since it has big impact on the performance on the battery. Therefore, experimental
methods which include 2D and 3D from the electrode material over the mm to the nm scale as well as
accurate image analyzing algorithm are necessary.

In this work we develop a characterization toolbox suitable to analyze the micro structure of pristine
Si-based anode material which is relevant for future Li-ion batteries used in industrial related storage
solutions. This comprises (1) the measurement of the microstructure by using focused ion beam-
scanning electron microscopy (FIB-SEM) and X-ray computed tomography (XCT) to cover the length
scales from mm to nm including 2D and 3D information, (2) the development of suitable image analysis
algorithm to obtain accurate results regarding the microstructure of the electrode, and (3) the validation
of the data by comparing FIB-SEM and XCT results.

The active region of the sample is basically defined by a graphite matrix, a binder and the distributed Si
particles within the graphite/binder matrix. The electrode material is manufactured by mixing the
components directly and cast them for instance on a copper foil. Samples are then prepared for the
individual methods. In addition we compare different samples having different weight percentage of the
Si phase. The XCT system has a focal spot size of 800 nm and gives the possibility to measure for these
particular samples a Voxel size V down to about V,= Vy= V,= 700 nm. This gives the opportunity to
gain 3D information between the mm to the um scale. For the um to the nm scale we use FIB-SEM. For
the analysis of the 2D and 3D structural data we discuss the use of the commercially available imaging
software Avizo® from FEI and Python. For the segmentation of the different phases of the electrode
material we are using an approach to iterate all possible threshold intervals and apply segmentation
algorithms including watershed and random walker [2] to each interval. This should provide the
possibility that the properties of the unique components should not change within a threshold interval
i.e. each class of particles corresponds to a threshold interval. In order to provide guidelines for the
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optimum electrode configuration we analyze, the geometric properties of the electrode, e.g. the
thickness, the porosity, graphite and binder content, the Si particle volume and size distribution, the
maximum and minimum distance between the center of mass of the particles (Fig.1). For the validation
of the methods the different results are compared. The findings shall give information of how the Si-
particles are distributed within the active material for a certain production process. Further studies to
relate the findings of the microanalysis to the storage capacity are planned for the future.
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Figure 1. (a) BSE image obtained from electrode material. The different grey values correspond to the
different phases, mainly graphite, pores, binder and Si particles. (b) Microanalysis of the BSE image
using the developed segmentation algorithm. Here, the particles are segmented and highlighted in red.
(c) Histogram showing the size distribution from the Si-particles in the active material obtained from the
image analysis. (d) 3D XCT image at Vx=Vy=V,=700 nm showing the segmented Si particles within the
graphite-binder compound.

https://doi.org/10.1017/51431927617010790 Published online by Cambridge University Press


http://cmm.ensmp.fr/~beucher/publi/watershed.pdf
https://doi.org/10.1017/S1431927617010790

