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Anode / Cathode:

▪ Want the materials to be able to hold a lot of lithium

▪ Need them to be stable (1000’s of charge cycles)

▪ Want them to be light (Wh/kg) and compact (Wh/cm3)

Electrolyte:

▪ Stable across the voltage window

▪ Allow ions to flow easily

Separator:

▪ Allow easy ion diffusion

▪ Stop shorting out also cheaper, more recyclable, faster to charge….
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Stability
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Number of lithium batteries in the world is in billions and is growing 

fast

Lots of ways the batteries can fail!

▪ Short circuit across electrodes

− A lot of energy stored in a battery

▪ Leaking electrolyte

− Some rather unpleasant chemicals in most electrolytes

Automotive failures are highly publicised

Personal device failures are perhaps more dangerous due to proximity 

to body parts

2024-10-25
https://www.mckinsey.com/industries/automotive-and-assembly/our-
insights/battery-2030-resilient-sustainable-and-circular
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SEI

The electrolyte is actually not entirely stable across the 

whole voltage window, and will happily react on the 

anode surface when supplied below some threshold 

voltage

During the first charge cycle the SEI forms by 

breakdown of electrolyte

▪ Ionic conductor

▪ Electrical insulator

▪ Usually limits charge/discharge rate

▪ ~1-10 nm thick

▪ Not well understood!

2024-10-25 https://doi.org/10.1002/adma.202100574

https://doi.org/10.1002/adma.202100574


Solid electrolyte interphase
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SEI

Most battery companies have ”secret” first charging 

cycles, with different rates, voltage holds, or pauses 

throughout 

▪ The key to battery longevity is a stable and well 

formed SEI

▪ Without good understanding of what it is, and why 

it forms, the best we have is trial and error

▪ Also have additives to modify the SEI

▪ It has to be formed by some combination of broken 

down electrolyte and lithium or lithium salt

▪ How many compounds can you really form out of:

− C, F, Li, P, H, and O?...

2024-10-25 https://doi.org/10.1002/adma.202100574

https://doi.org/10.1002/adma.202100574


Solid electrolyte interphase
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SEI

▪ C, F, Li, P, H, F, and O are all somewhere between “tricky” and 

“impossible” to probe using x-rays in-situ

▪ Opening up the cells can (probably will) change what the surface 

layers look like

▪ Cleaning off the excess electrolyte and salt from the surface could also 

wash off some of the SEI

▪ Maximum 10-12 g cm-2 of active material and ~0.1 g cm-2 of 

“background”

2024-10-25
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Neutron reflectivity!
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Sub-nanometre resolution though the 

film

Able to penetrate centimetres of 

material

Very good sensitivity to lithium!

bLi=-1.9

bC=6.65

bO=5.8

Need a large and flat electrode

Need to make a battery cell

2024-10-25
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How to make a battery?
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Hard to make graphite flat and even for anode

▪ Don’t use it!

▪ Just a nickel film for electrical conductivity

Too big a range of cathode materials

▪ Just use lithium

I really don’t want it to explode

▪ Copy a design which has been shown to not explode!

EC/DMC 50/50 w. LiPF6 1M salt

2x glass fibre separators
2024-10-25 J. Pow. Source 248 (2014) 900e904
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World’s worst battery?
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▪ High capacity anode material

▪ High surface area

▪ Minimal mass and volume of container

▪ Cheap

▪ No anode material – zero capacity!

▪ Flattest and smoothest possible surface

▪ Large PEEK plate and aluminium 

clamping ring with no active functions. 

6mm thick quartz wafer 

▪ Ha!

Maybe…

2024-10-25
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But it is still a battery!

2024-10-25
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The all important first charge cycle
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The all important first charge cycle
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The all important first charge cycle
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The all important first charge cycle



What is the SEI?
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Element Scattering Length (x10-6Å-2)

C 6.64

H -3.74

O 5.8

P 5.13

F 5.65

Li -1.9

2024-10-25

We can infer some chemical information

But can’t pin anything down

Time for some x-rays



What is the SEI?

PRESENTATION TITLE/ FOOTER 232024-10-25

NEXAFS and XPS – but not in situ



What is the SEI?
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NR + XPS for depth resolved chemistry

2024-10-25

▪ We can rule out PEO’s from both techniques

▪ No evidence for lithium oxide or hydroxide in the first 

layer from NR - but LiO2 and LiOH are seen in XPS

▪ No pure DMC – but could be EC on the top

▪ Low SLD region implies a Li or H rich compound

▪ Can map the depth and voltage resolved chemistry

▪ Somewhat different to results on carbon

electrodes – possible transition metal

effects?

▪ Still open question of how opening cell affects 

the results
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Instrument scientist’s python code
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Instrument scientist’s python code
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Research software engineering
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Software developer ’s python code
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▪ All code comes with a test

− Which runs automatically every time any

code is changed

▪ Code is open and available for anyone to 

see/copy/contribute to

− In this case `pip install hogben` to use

− Github to view or contribute

− Github issues to flag things which don’t 

work or feature requests

▪ Clear what it does

▪ Clear how it does it

▪ Also, dark mode = pro

2024-10-25



ISIS RSE team
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Modern software development practices applied to scientific software

▪ Improve reproducibility in data analysis

▪ Reduce reliance on single author software

▪ Reduce wasted effort

▪ Make code accessible, free and open source!

2024-10-25
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HOGBEN
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Using the Fisher information to quantify how much information a dataset contains 

about the model parameters of interest

▪ Sensitivity analysis to each parameter at each point

▪ Scaled by number of neutron counts

− More counts is less uncertainty is more information

Can optimize how to run a sample on a beamline

▪ Humans are not wired to judge sqrt(counts) error bars on a log scale 

transformed through an optical matrix formalism…

2024-10-25
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HOGBEN
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HOGBEN
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HOGBEN
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”Measurements” from a dataset taken at 0.6 and 2.3 degrees for 0.5 and 1 hour respectively on OFFSPEC give an 

information metric* about the sample structure of 0.00307

If we had measured instead at 0.4 and 2.3 degrees for 0.25 and 1.25 hours, then we would have 0.00488

This is directly related to parameter variance ➔ 50% improvement in our (co)variances for the same time budget
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Retrospectives
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A review of things which have already been completed (both successful and 

unsuccessful) at the end of a work package

Actively trying to learn from previous experiences, so that next time we do them 

better

Often performed as a discussion amongst team members

2024-10-25



HOGBEN for batteries
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We had a Ni layer thickness of 133 Å, but there was no reason to choose this value

If we changed the layer thickness, do we get more information about the SEI 

layers?

YES!

Using a 311 Å thick layer gives us 40% more information

No drawbacks

2024-10-25
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Conclusions
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We successfully made the lowest capacity, most expensive, heaviest, and most 

voluminous battery ever*

We can still learn from zero capacity batteries but many open questions

▪ Does the anode material catalyse different electrolyte breakdown products?

▪ What to the additives do structurally?

▪ How does the SEI develop with more charge cycles?

Retrospectives are a useful tool – not just for software developers

Next time we can, and will get better data!

2024-10-25

*maybe



Acknowledgements

Andy Church

Tom Charleston
James Durant

Lucas Wilkins

Andrew McCluskey

Jodie Charlton

Rob Weatherup

Sjoerd Stendahl

Björgvin Hjörvarsson


	Slide 1: What I learned by making the worlds worst lithium battery
	Slide 2: Overview
	Slide 3
	Slide 4: Lithium ion batteries
	Slide 5: Lithium ion batteries
	Slide 6: Lithium ion batteries
	Slide 7: Stability
	Slide 8: Solid electrolyte interphase
	Slide 9: Solid electrolyte interphase
	Slide 10: Solid electrolyte interphase
	Slide 11
	Slide 12: Neutron reflectivity!
	Slide 13
	Slide 14: How to make a battery?
	Slide 15: Battery cell
	Slide 16: World’s worst battery?
	Slide 17: World’s worst battery?
	Slide 18: The experiment
	Slide 19: The experiment
	Slide 20: The experiment
	Slide 21: The experiment
	Slide 22: What is the SEI?
	Slide 23: What is the SEI?
	Slide 24: What is the SEI?
	Slide 25
	Slide 26: Instrument scientist’s python code
	Slide 27: Instrument scientist’s python code
	Slide 28: Instrument scientist’s python code
	Slide 29: Research software engineering
	Slide 30: Software developer’s python code
	Slide 31: ISIS RSE team
	Slide 32: ISIS RSE team
	Slide 33
	Slide 34: HOGBEN
	Slide 35: HOGBEN
	Slide 36: HOGBEN
	Slide 37: HOGBEN
	Slide 38: HOGBEN
	Slide 39: Retrospectives
	Slide 40: Retrospectives
	Slide 41: Retrospectives
	Slide 42: HOGBEN for batteries
	Slide 43
	Slide 44: Conclusions
	Slide 45: Acknowledgements

