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SI 1. Electrochemical parameters15

The electrochemical parameters used for the microstructure resolved simulations are
listed in Table SI-1. The opencircuit-potential of NMC622 is given as a function of the state
of charge as follows

UNMC
0 (SoC) = 13.49050 − 10.96038 · SoC + 8.203617 · SoC1.358699 (SI-1)

− 3.107580 × 10−6 · exp [127.1216 · SoC − 114.2593]

− 7.033556 ∗ SoC−3.362749×10−2

.

The effect of the separator and the CBD phase on the transport in the electrolyte is
included into the electrochemical simulations through reduced diffusion and conductivity
coefficients. Transport in the separator is reduced by 0.5 and in the CBD by 0.0178. It is
common, that the effective parameters are related to the bulk parameters through porosity,
tortuosity or bruggemann coefficients [2]:

κEff
κ

=
ε

τ
(SI-2)

κEff
κ

= εβ (SI-3)
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Table SI-1: Electrochemical parameters of half cell simulations and impedance spectra of symmetrical cells

Parameter/units Value Source

Electrolyte: LiPF6 in EC:EMC
DEl / m2 s−1 eqn (4) in [1]
κEl / S m−1 eqn (3) in [1]
f± / - eqn (3) in [1]
t± / - eqn (2) in [1]

Active material: NMC622
DNMC / m2 s−1 4.3032 × 10−14 [1]
σNMC / S m−1 2.8 [1]
UNMC / V eqn (SI-1) [1]
cmaxNMC / mol m−3 50451 [1]
i00Inter / A m2.5 mol−1.5 1.7693 × 10−6 [1]
CNMC
DL / F m−2 2.4 assumed

Counter-Electrode: Lithium
σCE / S m−1 10 [1]
i00CE / A m−2 3.64 × 102 [1]
CCEDL / F m−2 1 assumed

Current Collector
σCC / S m−1 104 assumed

SI 2. Density calculation16

The volume fraction of the CBD phase is calculated in this section. The electrode17

is produced with a density of ρE = 3.0 g/cm3. The densities and the mass fractions of the18

active material, the conductive additives and the binder are listed in Table SI-2. The density19

of the solid part of the electrode is calculated according to20

ρsE =
1

Σi
wi

ρi

, (SI-4)

where wi is the mass fraction and ρi the density of each component. The porosity of the21

electrode can be calculated from the solid density ρsE as22

εPore = 1 − ρE
ρsE

= 1 − εSolid . (SI-5)

The volume fraction of each component can be obtained through23

εi =
wi
ρi

· ρsE · εSolid . (SI-6)

The calculated volume fractions of each component are listed in the last column of Table24

SI-2. The total volume fraction of the CBD is therefore 11.2 vol-%.25
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Table SI-2: Densities, mass fractions and volume fractions of each component of the electrode.

Material Density Mass fraction Volume fraction

NMC622 4780 kg/m3 93 wt-% 58.3 vol-%
Binder 1780 kg/m3 4 wt-% 6.7 vol-%
Carbon black 1850 kg/m3 2 wt-% 3.2 vol-%
Graphite 2260 kg/m3 1 wt-% 1.3 vol-%
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SI 3. Additional Figures26

The Figure SI-1 b) shows simulation results using the Random CBD distribution. Com-27

pared to the simulations on the tomography data without CBD in Figure SI-1 a) the capacity28

loss at high currents is much more pronounced. A similar effect can be observed for the Sur-29

face morphology (Figure SI-1 c)).30

Figure SI-1 shows the cell voltages for all three cut-outs for a) the structure without31

CBD, b) the generator Random, c) the generator Surface and d) the generator Contact.

Figure SI-1: The lithiation curves for the different cut-outs a) without influence of the CBD, b) with Random,
c) with Surface and d) with Contact CBD morphology.

32
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SI 4. Comparison real and virtual structures33

As mentioned in the main text, we perform additional simulations on virtual electrode34

morphologies in order to correct for the smaller thickness of the tomographic image data35

of the electrodes. In order to generate the virtual samples, a stochastic microstructure36

model is applied. The method is described in detail in [3], here we only summarize the37

basic idea as follows. As a starting point, a random packing of spheres is considered, which38

can, e.g., be generated using the force-biased algorithm [4]. Subsequently, each sphere is39

replaced by a particle, which is drawn from a Gaussian random field on the unit sphere using40

spherical harmonics expansions [5], where the expected size of the particle is given by the41

size of the sphere being replaced. Finally, a morphological closing with radius r = 0.88 µm42

is applied. The parameters of the model are calibrated using tomographic image data of43

real electrodes. In particular, the size distribution of the spheres being packed is chosen44

according to the particle size distribution observed in the real electrode, which we find to be45

well described by a Gamma distribution with shape parameter k = 4.7 and scale parameter46

θ = 1.67. Additionally, the parameters of the Gaussian random field model are fitted using47

information from the particles observed in the tomographic image data. In Figure SI-2, a48

3D rendering of a cutout of the tomographic image data as well as a corresponding model49

realization are shown. A validation of the modeling approach is performed by comparing

Figure SI-2: 3D rendering of a cutout of the tomographic image data (left) and a realization of the calibrated
stochastic microstructure model (right). The sampling windows (orange color) have the same size, however,
note that the tomographic image data does not fill the complete sampling window.

50

structural characteristics of tomographic image data with those of the model realizations,51

see Figure SI-3. To begin with, we consider the continuous pore size distribution, see [6]52

for details. A very similar behaviour can be observed for tomographic image data and53

model realizations. This also holds for the distribution function of chord length, see [7]54

for details. Only the distribution of geodesic tortuosity (see [8]) exhibits a small deviation,55

however, in Figure SI-4, we will see that this small deviation does not considerably affect56

the electrochemical properties.57

In Figure SI-4 the lithiation curves for the three different electrode samples (Tomography,58

Virtual (58µm), and Virtual (67µm)) are presented. The virtual structures with the same59

thickness as the SEM images match the capacity of the experimental data at the low current60

of 1 mA/cm2 perfectly. Moreover, simulation results at high currents are in good agreement61

with the experimental data. Cell voltages of the tomography and virtual structures with62
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Figure SI-3: Morphological characteristics of the tomographic image data in comparison to the model
realizations.

the same thickness exhibit good agreement. Giving an additional proof that the virtual63

structures provide an excellent representation of the real electrode microstructure. Still, the64

real structures exhibit a larger spread at 1 mA/cm2 than the virtual structures with the65

same thickness.66
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Figure SI-4: The lithiation simulation for the three different structure cases are compared to the experimental
measurements for four different currents.

7



[1] L. S. Kremer, A. Hoffmann, T. Danner, S. Hein, B. Prifling, D. Westhoff, C. Dreer, A. Latz, V. Schmidt,67

M. Wohlfahrt-Mehrens, Manufacturing process for improved ultra-thick cathodes in high-energy lithium-68

ion batteries, Energy Technology (2019) 1900167.69

[2] J. Landesfeind, J. Hattendorff, A. Ehrl, W. A. Wall, H. A. Gasteiger, Tortuosity determination of battery70

electrodes and separators by impedance spectroscopy, Journal of The Electrochemical Society 163 (7)71

(2016) A1373–A1387.72

[3] D. Westhoff, I. Manke, V. Schmidt, Generation of virtual lithium-ion battery electrode microstructures73

based on spatial stochastic modeling, Computational Materials Science 151 (2018) 53–64.74

[4] A. Bezrukov, M. Bargie l, D. Stoyan, Statistical analysis of simulated random packings of spheres, Particle75

& Particle Systems Characterization 19 (2) (2002) 111–118.76

[5] J. Feinauer, A. Spettl, I. Manke, S. Strege, A. Kwade, A. Pott, V. Schmidt, Structural characterization77

of particle systems using spherical harmonics, Materials Characterization 106 (2015) 123–133.78

[6] B. Münch, L. Holzer, Contradicting geometrical concepts in pore size analysis attained with electron79

microscopy and mercury intrusion, Journal of the American Ceramic Society 91 (12) (2008) 4059–4067.80

[7] J. Ohser, F. Mücklich, Statistical analysis of microstructures in materials science, J. Wiley & Sons,81

Chichester, 2000.82

[8] M. Neumann, C. Hirsch, J. Stank, V. Bene, V. Schmidt, Estimation of geodesic tortuosity and constric-83

tivity in stationary random closed sets, Scandinavian Journal of Statistics 46 (3) (2019) 848–884.84

8


	Electrochemical parameters
	Density calculation
	Additional Figures
	Comparison real and virtual structures

