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Constitutive equations
A slow uniform decrease in the Li concentration x leads to a corresponding change in the

lattice parameters of the cathode active material resulting in lattice strains (chemical strains)
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“ with &"=¢" as all studied cathode materials were of hexagonal

£, & &
crystallographic structure. The values were just called &, and &, in Tab. 1. In tensor notation

the lattice strains can be we written as (the shear components are 0):
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For the electrolyte materials there is no Li induced strain, and thus §°h =0. The total strain &
is the sum of the Li induced strain &” and the elastic strain & considering the grain

orientation:
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where R is the grain-dependent rotation matrix. The stresses ¢ are linked by Hooks law to

the elastic strains:

oc=RCR' &
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where Cis the stiffness matrix, which is rotated according to the grain orientation R. C is

taken directly from Table 1 or calculated from the Young’s modulus and Poisson’s ratio for the
isotropic materials.

Further results on NCM955

For the sake of clearness only the configuration of NCM955 with highest stresses was given.
The stresses of the other degrees of lithiation are summarised in Fig. S1. All other cathode
active materials do not show this behaviour.
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Fig. S1: Histograms of all principle stresses of NCM955 at alternative lithiation states for the
pure cathode active material and different electrolyte materials in mixed cathodes.
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LPS based cathodes under stack compression
LPS based mixed cathodes are typically compressed up-to 250 MPa in the cell stack. The
resulting stresses given in Fig. S2 do not differ significantly from the stresses without cell
compression given in the main text (Fig. 2i-1).
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Fig. S2: Histograms of all principle stresses of LPS based mixed cathodes with different
cathode active materials with a cell pressure of 250 MPa.
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Fig. §3: a) Mean stress values Omen inside cathode active material b) inside electrolyte material
as a function of volume change Av for different electrolyte materials in the composite cathode.
c) Corresponding slopes Gmean/Av as a function of bulk modulus of the electrolyte material.
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Further microstructures

All material combinations have also been «calculated on four different modelled
microstructures taken from Ref. 23 with different content of the cathode active material and
density (Fig. S4-S7). The results of the dependence of the mean stresses on the electrolyte bulk
modulus (sub figures b)-e)) show the same trends as the experimental microstructure in Fig. 3
(also the other results not shown here are comparable). The stress in the CAM and electrolyte
materials vs. the free strain mismatch A were plotted in the sub figures f) and g), respectively.
There were used to calculate the proportionality factor in Tab. 1.
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Fig. S4: a) Modelled composite cathode microstructure CAM (dark) : Electrolyte (bright) =
2:1 with a porosity of 7%. b-e) Average principal stresses inside composite cathodes with
different cathode active materials as a function of the bulk modulus of the electrolyte material
f) Corresponding stress in CAM g) and electrolyte material of composite cathodes as a
function of the free strain mismatch for various cathode active materials. The error bars



4 . . . . — . . ; . .
2}; b)[—a— NCM271 1c) —A—NCM361 [
—@— Electrolyte —o— Electrolyte

L
L
1

) JUELS
1t / l
T /
a8
O 0F @ looeccencczocacocc e+
g —A— Lig.1NCM955
o \ —@— Electrolyte
n_L ---- Lig sNCM955 1
\—'0'— Electrolyte
—e—LCO
L . A —A— =
gl’: . . . . . T.T ? . . . E.IectroI)./te . T
0 20 40 60 80 100 0 20 40 60 80 100
Bulk modulus electroyte [GPa] Bulk modulus electroyte [GPa]
T T T T T T T T 2
3| f) Stress in cathode 1 9) Stress in electrolyte material ]
active material
_ 2t . 0
g — 1 11
= 1 :
0 L [—=— NCM271 TT— o
o “ [ e —e— NCM361
& 0 L | - NCMO55 (Liy,) 1-3
i NCMO55 (Li, 5) 1a
1k 4 |—¢—LCO
L Linear fit 1.5
_2 1 1 1 1 1 1 1 1
-0.5 0.0 0.5 1.0 1.5 -05 0.0 0.5 1.0 15

. . - 0
Free strain mismatch, Ae=g,,cc—€macro [%0]

Fig. S5: a) Modelled composite cathode microstructure CAM (dark) : Electrolyte (bright) =
1:1 with a porosity of 7%. b-e) Average principal stresses inside composite cathodes with
different cathode active materials as a function of the bulk modulus of the electrolyte material
f) Corresponding stress in CAM g) and electrolyte material of composite cathodes as a
function of the free strain mismatch for various cathode active materials. The error bars
indicate the width (standard deviation) of the stress distribution.
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Fig. S6: a) Modelled composite cathode microstructure CAM (dark) : Electrolyte (bright) =
1:2 with a porosity of 7%. b-e) Average principal stresses inside composite cathodes with
different cathode active materials as a function of the bulk modulus of the electrolyte material
f) Corresponding stress in CAM g) and electrolyte material of composite cathodes as a
function of the free strain mismatch for various cathode active materials. The error bars
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Fig. S§7: a) Modelled composite cathode microstructure CAM (dark) : Electrolyte (bright) =
2:1 with a porosity of 20%. b-e) Average principal stresses inside composite cathodes with
different cathode active materials as a function of the bulk modulus of the electrolyte material
f) Corresponding stress in CAM g) and electrolyte material of composite cathodes as a
function of the free strain mismatch for various cathode active materials. The error bars
indicate the width (standard deviation) of the stress distribution.
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Tab. S1: Free macroscopic strains of pure randomly oriented cathode active materials £3,¢ro
for different microstructures compared to the mean lattice strain Av/3=(2&+&)/3. For the
modelled structures (Mod.) the volume ratio of CAM:Electrolyte and the porosity in % of the

composite cathode are given.

Av/3= Exp. Mod. Mod. Mod. Mod.
(2&+&)/3  structure 2:1, 7% 1:1, 7% 1:2, 7% 2:1,20%
Li,sNCM217 -0.29% -0.29% -0.31% -0.30% -0.23% -0.29%
Li,sNCM316 -0.30% -0.31% -0.32% -0.32% -0.24% -0.29%
Li,sNCM955 0.12% 0.05% 0.01% 0.03% 0.10% 0.09%
Li,.NCM955 -3.66% -3.67% -3.67% -3.62% -3.01% -3.66%
LiosCO> 0.64% 0.57% 0.56% 0.58% 0.53% 0.61%
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