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needs operando multimodal

SUPPORT?

à Applied research requires
Resources
à Complex operando 
Experiments
à Complex combinations of
Methods
à Complex set-up and 
Implementation
à Safety aspects
à Industry needs
à Expert staff; keep educated 
Staff, at least in community,
Create database of available 
Experts and open positions
à Mobility vs sustainable careers 

Discussed:



Figure 3: Measured Bragg edges of various T-exposures throughout the cycling process. The
vertical lines labeled as C6, Li0.2C6, Li0.5C6, and LiC6 indicate the positions where the theoretical
Bragg edges corresponding to that particular phase are expected to be found.

[31]).211

4.3 Spatially resolved state-of-charge212

The spatially resolved nature of our measurements enables to observe di↵erences in the (de)intercalation213

process in di↵erent regions of the investigated battery cell. Figure 4 displays the corresponding214

results of the operando study of the lithiation stages for all four ROIs. The expected Bragg Edges215

positions, corresponding to the lithiation phases, as described in Figure 3, are �1 = 6.785 Å,216

�2 = 6.914 Å, �3 = 7.035 Å, and �4 = 7.376 Å, with a ��/� = 0.4%.217

At the beginning of the cycling (T1), the same Bragg edge at �1, i.e., H1, is observed across218

all ROIs, indicating the presence of the same crystalline phase (Figure 4-a). T1 represents a219

transitioning stage 1L-4L (located within the stage C-2L) [31, 37], and is characterized by an220

x-Li content of 0.05 < x < 0.1. At T3, (Figure 4-b), there is a clear evolution of phases, with a221

new Bragg edge appearing at around 7 Å related to Li0.2C6 (002), while the initial Bragg edge at222

around 6.8 Å is decaying. Here, a clear di↵erence between the regions of interest is observed, and223

the T3 state (Figure 4-b) exhibits clear similarities to the one observed at T12 (Figure 4-d). In T3224

and T6 (Figure 4 b and c), the Bragg edge positions appearing between 6.97 to about 7.04 Å is225

indicative of intermediate states, where Li0.2C6 and Li0.5C6 are identified. Likewise, T3 and T6226

partially show weak indications of a Bragg edge around 7.37 Å, which corresponds to the LiC6227

phase. It has to be assumed that the limited time resolution, which averages over a range of SoC,228

prevents a clear identification and measure of the LiC6 phase fraction, reached during cycling. For229
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Overwhelming complexity

Experimental support
Techn. support

Discussed:
- Not only highly non standard  
sample envisronments but also 
complex set-ups tailored to 
needs of specific experiment;
- Data analyses strategies 

highlty specific to individual 
meausrement

- Resource intense 
experiments from set-up to 
operation to data handling 
and analyses 



Overwhelming data handling
SUPPORT?

Discussed:
- experiments, in particular in 
imaging produce particulalry 
large data sets which drive data 
infrastructure requirements 
beyond the needs of other 
technics and instruments and 
thus need specific attention and 
support in order to serve users 
beyond demonstartion 
experiments



Overwhelming data analyses - AI??

Development -SUPPORT?
Discussed:
- Corresponding to complexity, 

data size and highly variable 
dtata structures and analyses 
needs the availability of 
dedicated software tools and 
analyses pipelines are a 
challenge and typically also 
resource intense;

- Community willing to 
collaborate and share 
software and developments, 
but also limited by resources 
and frameworks à a separate 
workshop on this topic took 
place at ICNS

- AI tools are promising but 
face similar challenges of 
resources and broad 
apllicability


