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Hard carbon in sodium-ion batteries
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• Complexity, disorder, defects

• Multiple storage mechanisms

• Structure-storage correlation

Carbon Energy, (2022), 4, 1133-1150

Small., (2025), 21, 2505561



How to study hard carbon using S/WAXS?

• S/WAXS probes the bulk 
structure on different length 
scales

• Changes in the curve at 
different degrees of sodiation

Ԧ𝑞 = 𝑞 =
4𝜋sin(𝜃)

𝜆
=
2𝜋

𝑑



Intercalation
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Increasing interlayer distance

→ (002) peak shift



Adsorption?
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• SEI or surface adsorption?

• Defect adsorption?



Pore filling
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Decreasing electron density 
contrast 

→ Decreasing scattering 
intensity



Comparing C-rates

13

C/10 C/5

SAXS:

Isak Drevander et al., in manuscript



Comparing C-rates
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C/10 C/5

SAXS: Ipore integrated 

Isak Drevander et al., in manuscript



Comparing C-rates

• Higher current leads to bottleneck effect

→ Pores are underutilized in the bulk

Isak Drevander et al., in manuscript



Where to draw the line?
Intercalation 
or pore filling?

Adsorption as a pre-
state for pore filling?

Edge defect 
adsorption or 
pore filling?



EUBAT HUB hard carbon study

Figure credit: Xaver Brems



NAP-XPS



New addition: NAP-XPS at Chalmers

Part of WISE infrastructure

• up to 20 mbar around samples

• combines XPS and 
electrochemistry in one 
experiment

→ operando battery interface 
analysis

HIPP-LAB from Scienta Omicron
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