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Particle #10  Particle #11  Particle #12  Particle #14  Particle #15 Particle #16  Particle #17

Pristine
NMC is lithiated

Charged - 4.5V
NMC is delithiated

Particle Pristine 14.4 12.9 11.3 12.3 11.0 10.1 10.0
Diameter
(um) Charged - 4.5V 15.3 12.8 12.3 12.9 11.4 10.7 11.0
Distance Pristine 28.3 22.0 449 31.0 33.6 40.0 8.9
From CC
(pum) Charged -4.5V 30.3 241 48.0 33.6 35.8 43.6 9.9
Particle Pristine 1563.2 1125.6 756.0 975.0 698.1 540.1 517.0
Volume
(pma) Charged - 4.5V 1867.4 1363.1 965.5 1130.1 785.1 634.9 700.1
% Volume Change +16.3 +17.4 +21.7 +13.7 +11.1 +14.9 +26.2

Figure S1: Additional particle information from Fig.2

Adsorption CT Particle Crack
(NMC + Crack) Segmentation

Figure S2: Ortho slices of Particle 3 showing segmentation of different phases used in analysis as
shown. Particle analysis was used for particle volume expansion. NMC and crack segmentations

Were
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Figure S3: a-c) % Particle volume change upon charging as a function of: a) Distance from

current collector, b) Pristine particle volume, c) Pristine particle diameter. d-f) Change in

distance of the centre of each particle upon charging with respect to: d) Distance from current

collector, €) Pristine particle volume, f) Pristine particle diameter.
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Figure S4: Schematic diagram of coin cell set up for electrochemistry.



Figure S5: a) Photograph of electrode set up within tomography microscope. b) Zoomed in
photograph of the electrode with tab appendage inside custom built holder. c¢) Radiograph of
tab front view with Rol box in red. d) Radiograph of tab side view with Rol boxes in red and

blue showing the position at which tomographies were taken.
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Figure S6: Additional computational analysis using GREAT algorithm to detect the greyscale

value of each pixel as a function of distance from the particle surface.



Table 1: Model equations for each domain in the 3D image-based model.
Equation Description
Jp=—Dp(Vecp + %Vah) Fick’s first law (1)
% +V-J,=0 Fick’s second law (2)
Single particle
transport and
electrochemical Butler-Volmer type
model tapp/10 = sinh~Y( “&1,1?,’7 ) equation (3)
Exchange current
10 = Fk(c(cmaz —¢))°° density (4)
n=vV-U-2x Overpotential (5)
Gapp = %Oi’zv” Applied current (6)
Mechanical
V.-0=0 equilibrium (7)
Mechanical Small strain
model e=3((Vu)T+Vu) formulation (8)
e=¢+eh Total strain (9)
e’ = f(c/Cmaz) Lattice strain (10)
Griffith equation of
il — 4% 4 di% fracture (11)
Helmholtz-type
reformulation of
Ge(7¢—1V%¢)—2(1—¢)y(e€) =0 Griffith equation (12)
Phase field
model h=(1-¢)? Damage function (13)
Auxiliary equation
for diffuse grain
Y—12V2y=0 boundary interface | (14)
Composite fracture
Ge=hGy+(1—h)Gy toughness function | (15)
Auxiliary transition
h=(1-7)2 function (16)
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Table 2: Model parameters.

Parameter Unit Value Source
Dy m?s 1 f(cp/cpmaz) [1]
Cp,maz molm =3 51765 [2]
€po molm 3 51765 N/A
Vp m3 1.515 x 1071® N/A
g, 1 0.5 N/A
U 14 f(ep/cpmaz) [2]
R Jmol ! K1 8.314 N/A
T K 293 N/A
E, GPa 150 (3]
Gh Nm™1 0.023 3]
Gy Nm™! 0.27 [4]
A, m? 6.48 x10710 N/A
Cr 1 1/20 N/A
l m 3.6e-8 N/A
Ly m 3.6e-8 N/A
O GPa 0.1 N/A




Table 3: Nomenclature.

Parameter Description Parameter Description
Active material
Jp Lithium flux D, utilisation
Tapp Applied current density n Overpotential
Equilibrium
14 Particle potential U potential
Initial lithium
Cp Lithium concentration concentration
Vo Particle volume T Temperature
Reaction rate
R Universal gas constant k constant
Og, O Transfer constants F Faraday constant
Fracture toughness
of boundary and
E, Young's modulus Gy, Gy grain
U Displacement o Stress
Partial Molar
Tapp Applied current Q Volume
ox Hydrostatic stress € Total strain
Lithiation induced
€€ Elastic strain gch strain
l Phase field length © Damage parameter
Iy Transition length scale 04 Auxiliary variable
h Auxiliary transition function I1 Total energy
Strain energy density Wy, Work of fracture
Ap Particle surface area Cr C-rate
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