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Methods 

Electrode preparation and electrochemical performance measurements  

Dry electrode was fabricated via the following procedure. First of all, a total 3 g of 

LiNi0.5Mn1.5O4 (LNMO, from Haldor Topsoe), Polytetrafluoroethylene binder (PTFE, 

from Chemours) and vapor-grown carbon fiber (VGCF, from Sigma Aldrich) were 

weighed at a mass ratio of 93 : 2 : 5. The mixture was then transferred to a mortar pestle 

which was heated to 100 °C, followed by a 10-minute grinding to obtain a free-standing 

film. The film was placed on the hotplate and flattened by a stainless-steel cylindrical die 

at 100 °C. To control the desired electrode thickness, the free-standing electrode was rolled 

to ~100 𝜇m, ~130 𝜇m, ~170 𝜇m and ~260 𝜇m on the hot plate. Later, the films were hot 

calendared at 100 °C on 20-𝜇m etched Al foil (from Tob New Energy). The mass loadings 

of LNMO after hot calendaring will be ~22 mg/cm2, ~28 mg/cm2, ~42 mg/cm2 and ~68 

mg/cm2. These mass loadings correspond to ~3 mAh/cm2, ~4 mAh/cm2, ~6 mAh/cm2 and 

~9.5 mAh/cm2. The slurry-based LNMO electrode with the same mass ratio for comparison 

was fabricated following the procedure reported in our previous work.1 Electrodes with 

0.5-inch diameter was punched and dried in vacuum oven at 100 °C for 24 hours. CR2032 

coin cells were built for both half cell and full cell. In half cells, Li metal (Tob New Energy) 

was used as counter electrode. Celgard 2325 was used in 3 and 4 mAh/cm2 level half cells 

while glass fiber (Whatman GF/F) was used in the 6 and 9.5 mAh/cm2 areal loading. With 

Celgard 2325 separator at areal loading >6 mAh/cm2, the electrolyte will be quickly 

consumed by side reactions to form dead Li due to high current density (>2 mA/cm2). 

Therefore, we choose to use glassfiber separator in order to contain more electrolyte during 

the first few cycles. In full cells, graphite electrodes provided by Ningbo Institute of 

Materials Technology & Engineering (NIMTE) with 95% active materials was used as 

counter electrode with an N/P ratio = 1.1~1.15. Dreamweaver (Soteria) was used as the 

separator. All cells were assembled with the same setup presented in our previous work.1 

Gen2 electrolyte (1M LiPF6 in EC: EMC = 3:7 wt.%) from Gotion was used in all cells. 

All-fluorinated electrolyte 1M LiPF6 in FEC: FEMC = 3:7 wt.% in full cell testing and 1M 

LiPF6 in FEC:FEMC:HFE (2:6:2 wt%) in 6.0 mAh/cm2 dry-LNMO half cell cycling were 

provided by U.S. Army Research Laboratory (ARL). 50 μL electrolyte was added in 3.0 
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and 4.0 mAh/cm2 level loading. Since the area of LNMO electrode is ~1.267 cm2, 

electrolyte to capacity ratios in 3.0 and 4.0 mAh/cm2 level loading are ~14 g/Ah and ~11 

g/Ah respectively. For 6.0 and 9.5 mAh/cm2 level loading, glassfiber separator was used 

so electrolyte is in large excess amount. In full cell cycling protocols, 1 C is defined as 147 

mA/g with a voltage range from 3.3 V to 4.85 V. C/10 was performed as formation in first 

two cycles, followed by C/3 for 300 and 1000 cycles. All the electrochemical testing were 

carried out at room temperature using the Neware Battery Test System (Neware China). 

EIS measurements were conducted with a BioLogic VSP-300. An applied AC potential of 

10 mV over a frequency range from 1 MHz to 1 mHz was used. Linear sweep voltammetry 

(LSV) measurements were also conducted with BioLogic VSP-300 with a sweeping rate 

of 1 mV/s from open circuit voltage to 5.5 V. Cyclic voltammetry testing was performed 

using Arbin (Arbin Instruments). The sweeping rate was set as 1 mV/s from 3 V to 5 V. 

Binder selection process 

Selection of an appropriate PTFE for this specific application is critical.   Choosing a PTFE 

having a melt creep viscosity of at least about 1 x 1011 poise at 380 oC is essential.2-3  PTFE 

is a polymer comprised of repeating units of tetrafluoroethylene (TFE) monomer.  With 

such a high melt creep viscosity of at least 1 x 1011 poise it is neither melt-processible nor 

does it readily dissolve in any common solvents unlike PVDF binder. Melt creep viscosity 

is an indirect measure of molecular weight. PTFE of high melt creep viscosity exhibits 

fibrillation when shear stress is applied to the PTFE particles especially above the beta 

transition temperature of PTFE where a well-ordered triclinic structure transforms to a 

partially ordered hexagonal crystalline phase at a temperature of 19 oC or less depending 

on comonomer content. PTFE molecular chains fold in an accordion pattern in submicron 

crystallites when PTFE powder is formed. TeflonTM PTFE used in this work was developed 

by the Chemours Company (Wilmington, DE) to maximize the fibril formation character 

as well as the blending capability with the VGCF fibers in order to form an intimate 

PTFE/VGCF fibrous structure that maximizes both electrical conductivity and porosity in 

the resulting electrode structure.  
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Materials characterizations 

LSV/CV: In Figure S1A, when carbon is absent in the working electrodes, the specific 

current obtained along sweeping is relatively low compared to carbon-containing working 

electrode. The peak observed at 4.2 V for the Al foil electrode represents the self-

passivation behavior of aluminum.4 With the presence of carbon, the specific oxidation 

current rapidly increases at a potential above 4.2 V, showing the continuous decomposition 

of carbonate-based electrolyte triggered by carbon. Fastest passivation in CV (Figure S1B) 

is achieved in vapor grown carbon fibers (VGCF) due to its lower specific surface area 

(Table S2) and less reactive sites. The cathodic peaks at 3.9 V and 4.2 V in the VGCF 

working electrode can be attributed to the PF6
- de-intercalation peaks from VGCF since it 

is a partially graphitized carbon.5 The decreased intensity of both peaks from the second to 

the third cycle shows this intercalation reaction is reversible and will be passivated along 

cycling. 

 

SEM and PFIB-SEM-EDS: FEI Apreo® scanning electron microscope (SEM) was used to 

capture the electrode cross-sections with different areal loadings. A 5 kV accelerating 

voltage and 0.1 nA beam current were set throughout the testing. Thermo Scientific Helios 

5 Hydra Plasma Focused Ion Beam (PFIB) DualBeam was used for large-area cross-section 

milling and the subsequent SEM imaging. Xe+ ion source was used to mill and then clean 

the cross-section of various electrode samples. Rough milling was performed at a FIB 

acceleration voltage of 30 keV, 2.5 𝜇A to generate a 300-350 𝜇m wide cross-section 

through the entire thickness of the electrode. The rough milled cross-sections were then 

polished with automatic rocking mill technology to reduce curtaining effect and other 

polishing artifact at a beam current of 200 nA. High resolution imaging was carried out 

using the SEM column from the DualBeam instrument. Energy Dispersive Spectroscopy 

(EDS) elemental analysis is carried out with an Oxford Instrument Ultim Max detector 

XPS and HRTEM: All cycled full cells were disassembled in the glovebox (MBraun) to 

prevent air exposure. X-ray photoelectron spectroscopy (XPS) was performed using a 

Kratos AXIS Supra. All the cycled electrodes were prepared without washing, and the 

transfer process was air-tight to avoid any possible degradation. The XPS was operated 
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using an Al anode source at 15 kV with a 10-8 Torr vacuum level. All XPS measurements 

were collected using an auto neutralizer during acquisition. Survey scans were collected 

with a 1.0 eV step size, followed by high-resolution scans with a step size of 0.1 eV. All 

the data were calibrated using a C 1s peak at 284.6 eV. High resolution transmission 

electron microscopy (HRTEM) results for pristine and cycled samples were obtained on 

ThermoFisher Talos X200 equipped with a Ceta camera operated at 200 kV. To prepare 

TEM samples, powder samples were dispersed on a lacey carbon grid inside the Ar 

glovebox. The loading and transferring grids to TEM were carefully executed to prevent 

air exposure. 

ICP-MS: The Ni/Mn amounts on the cycled graphite electrodes from the coin cell were 

confirmed by Inductively coupled plasma mass spectrometry (ICP-MS, iCAP RQ, Thermo 

Fisher Scientific). Cycled graphite electrodes from cells stopped at 50th and 100th cycle 

were punched as 1/8-inch laminates and then soaked in a 3 mol/L H2SO4 solution overnight 

for a fair comparison. Then the supernatant was collected and further diluted for ICP check.  

Capillary XRD: The samples were prepared by sealing the powders in boron-rich glass 

capillary tubes (Charles Supper Company, 0.7mm diameter) inside an Ar-filled glovebox 

with < 0.1 ppm H2O level. The X-Ray Diffraction (XRD) measurements were done using 

a Bruker APEX II Ultra diffractometer with Mo Kα (λ= 0.71073 Å) radiations at 50 kV 

and 50 mA to check the crystal structures. The diffraction images gathered by the 2D 

detector within an angular range of 4° to 40° were merged and integrated with 

DIFFRAC.EVA (Bruker, 2021) to produce 2d-plots.  

Physical adsorption of nitrogen at the liquid nitrogen temperature: Micromeritics™ ASAP 

2020 gas adsorption/surface area measurement apparatus was used for BET analysis of the 

different carbon particles. The carbon sample (VGCF, SC65 and KB) to be analyzed was 

loaded into the round bottom sample tubes and was weighed. Sample tubes were covered 

with heat jacket and degassing was done to the sample to remove any volatile compounds. 

Vacuum setpoint was set at 100 µmHg and temperature was held at 250 oC for degassing, 

for 5 hours. After degassing, the sample tubes stripped of heating jacket was lowered into 

a dewar flask filled with liquid nitrogen. The adsorption cycle was performed with nitrogen 

gas as the adsorbate. The relative pressure (P/Po) was measured at equilibration interval of 
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90 seconds. The adsorption isotherms and the pore area are obtained from ASAP 2020 

software once the cycle completes. 

Modeling workflow 

To capture the impact of the carbon additives morphology, a smaller scale was chosen 

compared to the one from Figure S2, as it can be seen from Figure 3. While the full 

thickness of the electrode is not considered, it allows to demonstrate the influence of the 

morphology of the electronic conductive phase on the efficiency of the electronic 

percolating network. To confirm that the two PFIB-SEM images can be compared, Figure 

S13A and S13B report the segmented PFIB-SEM images, with the phase percentages of 

each phase for respectively the dry-LNMO and slurry-based LNMO in Figure S13C and 

S13D. The two cross-sections have roughly the same amount of carbon binder domain 

(21.05% for the dry-LNMO versus 20.56% for the slurry-based LNMO) but the dry-

LNMO has a lower amount of porosity (14.51%) compared to the slurry-based LNMO 

(19.15%). Since in LIB, the two limiting factors can either be the electronic or the ionic 

transports,6 the lower amount of porosity could lead to an unfair comparison because of 

the introduction of a higher ionic transport limitation. However, as illustrated in Figure 

S14, the ionic transport is not the limiting phenomenon during the discharge since the 

concentration of Li+ in the electrolyte at the end of discharge is almost uniform in both 

cases. Then, we can attribute the differences that will be observed in the two cases solely 

to the electronic transport. 

Starting from a segmented 2D PFIB image, the latter would be stacked to form a thin 3D 

image which would then be meshed using the tool INNOV, which is freely available online, 

with ca. 1 million tetrahedral elements. The mesh file was exported in NASTRAN format 

and imported into COMSOL Multiphysics ® where the 4-D (3D spatial + 1D time) model 

reported in Table S4 and Table S5 was applied. 

Mechanical testing 

Measurement of Electrode Debonding Behavior using 90° Peel Tests: Dry and slurry-based 

electrodes were fabricated as previously decribed on top of Al current collectors. These 

electrode stacks were cut into similar rectangular dimensions (approx. 30 mm × 75 mm), 
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with the electrode covering approximately one-third of the current collector (approx. 25.4 

mm × 25.4 mm). Prior to testing, the thickness of each electrode was measured using a 

micrometer. Adhesive tape (Scotch Magic Tape, w = 19.05 mm) was carefully placed on 

top of each electrode to maximize contact area and reduce possible air bubbles. A large 

glass cover (~2.5 kg) was placed on top of all peel test samples, followed by two Aluminum 

blocks (~1.2 kg each) in order to ensure constant and uniform pressure on top of each 

sample. Peel test samples were left in this configuration overnight and tested the following 

day. To conduct a 90° peel test, a Mark-10 linear actuator was operated in the upright 

position with appropriate peel test accessories (ESM303, G1109). The current collector of 

each peel test sample was fixed to the sliding stage using transparent double-sided tape 

(3M). The adhesive tape was held by 3D-printed grips attached to the force gauge. 

Electrodes were delaminated in a standard 90° peel test format at a rate of 330 mm min-1 

(ASTM D3330 standards). The force was measured relative to displacement (travel) using 

a 10 N force gauge. After each peel test, the thickness of the electrode removed by the tape 

was measured using a micrometer. To process the data, the peel force was normalized by 

dividing the measured load by the width of the tape (w = 19.05 mm). The steady-state force 

required to induce failure of each electrode was calculated by averaging the force in a 15-

mm travel on the force-displacement plot. 

Tensile Measurements of Dry Electrodes: Dry electrodes were fabricated as previously 

described into rectangular strips (approx. 50 mm × 75 mm). A dogbone-shaped stencil was 

3D printed (Formlabs Form 3) in order to cut the dry electrodes into the dogbone shapes 

(with the center rectangular dimensions measuring w = 0.6 cm and l = 1.2 cm). Prior to 

testing, the thickness of each dogbone was measured using a micrometer (t = 90–240 μm). 

The two wider edges of each dogbone-shaped electrode was wrapped with electrical tape 

to ensure that fracture occurred within the center rectangular region (Figure S11). These 

dogbone samples were loaded onto a linear actuator (ESM303, Mark-10) using 3D-printed 

grips attached to a 10 N force gauge and elongated at a rate of 1 mm min-1 until fracture. 

The resulting force-elongation data was converted to stress-strain data using the 

dimensions of each dogbone with a purpose-written script in Matlab 2021b. Engineering 

strain was calculated by dividing the elongation of the dogbone by the initial length. The 
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engineering stress was calculated by dividing the measured force by the initial cross-

sectional area of the dogbone. 
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Figure S1. Oxidation Stabilities of different cell components. (A) Linear sweep 

voltammetry of PTFE, PVDF and Al current collector compared with PVDF mixed 

with super C65 carbon. (B) Passivation behavior between super C65 carbon and vapor 

grown carbon fiber. 
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Figure S2. Visualizing of phase distribution in LNMO 3 mAh/cm2 electrodes. PFIB 

cross-section of (A) dry-LNMO, and (D) Slurry-based LNMO using Super C65 carbon and 

(G) Slurry-based LNMO using VGCF. Corresponding color segmentation and phase 

quantification of (B) and (C) dry-LNMO; (E) and (F) Slurry-based LNMO using Super 

C65 carbon; (H) and (I) Slurry-based LNMO using VGCF. 

 

These cross sections revealed that the slurry-based LNMO using VGCF exhibits severe 

carbon agglomeration, indicating the conventional slurry mixing failed to disperse the 

carbon fibers as uniformly as the SC65. Consequently, in slurry-based electrodes, most of 

LNMO particles are not connected by VGCF, which severely hinders the electron flow 

from active materials to the current collector. In addition, the PTFE binder is prone to ion 

beam damage, so the carbon phase is identified as VGCF rather than fibrillated binder. 
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Figure S3. Top surface of electrodes: (A) dry-coated, (B), slurry-based with VGCF, 

and (C) slurry-based with super C65. 

Similar observations were also found on the top surface of these electrodes, indicating 

that the VGCF powder tends to aggregate into a group of fibers.   
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Figure S4. Electrochemical performance comparison between dry-LNMO and slurry-

based LNMO electrode using VGCF in full cells. (A) Voltage profiles and (B) Cycling 

performance. 

The lack of connection between the cathode particles and carbon fibers in slurry-based 

LNMO will unsurprisingly lead to extremely poor electronic percolation network and 

rapid impedance growth at higher C-rate, therefore contributing to drastic capacity 

decay. 

  



13 
 

Figure S5. SEM images showing the morphology of a dry electrode using SC65   carbon. 

The PTFE appears as classical fibrils and the SC65 forms a conductive pathway wherever 

the PTFE and SC65 intersect. It can be observed that the main electronic conducting 

pathway is the SC65 carbon connecting several LNMO particles in a small region. 

 

Interestingly, due to its nano-agglomerate morphology, the SC65 carbon in the dry 

electrode is unable to construct an effective electronic percolation network compared to 

VGCF, which has a similar fiber morphology as the fibrillated PTFE binder. 
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Figure S6. 6 mAh/cm2 level slurry-based LNMO after drying process. 

The drying process of a thick cathode may lead to migration of binder and carbon to the 

top surface of electrode due to convective and capillary force developed in the process. As 

a result, poor adhesion between the electrode and current collector occurs, leading to severe 

electrode cracking. 
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Figure S7. Electronic conductivity of dry-LNMO at various loadings: in-plane and out-

of-plane conductivity at different areal loadings.  
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Figure S8. (A) Electrochemical performance comparison between dry-LNMO and 

slurry-LNMO half cells at the C/3 rate. (B) Cycling performance of 6.0 mAh/cm2 dry-

LNMO in half cell. 
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Figure S9. (A) dry-LNMO and (B) Slurry-based LNMO after peel-off testing. Change of 

peel-off forces along traveling of (C) dry-LNMO and (D) Slurry-based LNMO. 
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Figure S10. PFIB-SEM cross-section of dry-LNMO showing the thickness of PTFE binder 

after fibrillation. 
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Figure S11. Representative dry-LNMO samples after tensile testing. 
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Figure S12. Equilibrium potential of Li in LNMO as a function of the state of lithiation. 

Fitted from 7. 

  



21 
 

 

Figure S13. Segmented PFIB-SEM images of the (A) dry-coated and (B) slurry-based 

electrodes and their respective phase percentages with (C) the dry-LNMO with VGCF, and 

(D) the slurry-based LNMO with SC65. The LNMO is represented in green, the carbon 

and binder in pink and the porosity in yellow.  
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Figure S14. Distribution of the Li+ concentration in the electrolyte at the end of 

discharge for (A) the dry-LNMO and (B) the slurry-LNMO with SC65. 
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Figure S15. (A) dry-coated and (B) slurry-based LNMO in full cells. (C) The Nyquist 

plots of dry-LNMO and slurry-based LNMO full cells after different number of cycles.   
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Figure S16. EIS fitting and quantification. (A) Equivalent circuit used for fitting. (B) 

Resistance values from different circuit components in the fitting. 

  



25 
 

  

 

Figure S17. Adhesion check between electrode and current collector after 300 cycles. 

Side view of cycled (A) dry-LNMO and (B) slurry-based LNMO.  
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Figure S18. ICP results from cycled graphite electrodes at different cycle numbers. (A) 

Dry-LNMO. (B) Slurry-based LNMO.  
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Figure S19. XRD results of cycled LNMO using both slurry-based and dry electrode 

methods.  

  



28 
 

 

Figure S20. SEM images showing the unique interactions between PTFE and VGCF in 

the dry electrode. The PTFE forms a pseudo-coating on the outside of the VGCF fibers 

further reducing side reactions. Moreover, the PTFE and VGCF seem to align resulting in 

a combined electronically conducting, supportive web within the electrode.  
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Figure S21. XPS spectra of (A) C 1s, (B) F 1s and (C) P 2p of the cycled dry-LNMO 

and slurry-based LNMO. 
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Figure S22. XPS spectra of (A) C 1s, (B) O 1s and (C) P 2p of the cycled graphite 

from dry-LNMO and slurry-based LNMO full cells.  
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Table S1. Energy density estimation in a lithium-ion battery’s single-layer pouch cell. 
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Table S2. BET results of different types of carbon additive. 
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Table S3. Stress and strain results summary from tensile testing of dry-LNMO electrodes 

at various areal loadings. 
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Table S4. 4D-resolved electrochemical model equations. 

 

Lithium foil electrode 

Lithium foil current 
𝐽𝐿𝑖 = 𝐹𝑘0,𝐿𝑖 (

𝐶𝑒

𝐶0
)

𝛼𝑎

[𝑒𝑥𝑝 (
𝛼𝑎𝜂𝐹

𝑅𝑇
) − 𝑒𝑥𝑝 (

−𝛼𝑐𝜂𝐹

𝑅𝑇
)] 

Electrolyte-lithium foil 

boundary conditions 
𝐷𝑒

𝑒𝑓𝑓
𝛻𝐶𝑒 =

𝐽𝐿𝑖𝑡+

𝐹
 


𝑒

= 0 

Active material 

Material balance 𝜕𝐶𝑠

𝜕𝑡
= −𝛻(−𝐷𝐴𝑀𝛻𝐶𝑠) 

Lithium insertion 

equation 
𝐽𝐴𝑀 = 𝑖0[𝑒𝑥𝑝 (

𝛽𝑎𝜂𝐹

𝑅𝑇
) − 𝑒𝑥𝑝 (

−𝛽𝑐𝜂𝐹

𝑅𝑇
)] 

𝑖0 = 𝑐𝑜𝑒𝑓𝑓𝑖 × 𝐹𝑘0,𝐿𝑁𝑀𝑂 (
𝐶𝑒

𝐶0
)

𝛽𝑎

𝐶𝑠
𝛽𝑐(𝐶𝑠,𝑚𝑎𝑥 − 𝐶𝑠)

𝛽𝑎
 

𝑐𝑜𝑒𝑓𝑓𝐴𝑀/𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑙𝑦𝑡𝑒 = 1 ; 𝑐𝑜𝑒𝑓𝑓𝐴𝑀/𝐶𝐵𝐷 = 𝜀𝐶𝐵𝐷  

 = 
𝐴𝑀

− 
𝑒

− 𝑈 

Particle-electrolyte 

boundary conditions 
𝐷𝐴𝑀

𝜕𝐶𝑠

𝜕𝑟
|

𝑟=𝑅𝑖

=
𝐽𝐴𝑀𝑡+

𝐹
 

Charge balance 𝛻 ∙ (𝜎𝐴𝑀𝛻
𝐴𝑀

) = 0 

 

Particle-current 

collector boundary 

condition  

|𝐽𝐶𝐶| = 𝜎𝐴𝑀𝛻
𝐴𝑀

 

Overpotential  = 
𝐴𝑀

− 
𝑒

− 𝑈 

Electrolyte 

Material Balance  𝜕(𝜀𝑖𝐶𝑒)

𝜕𝑡
= 𝛻 (𝐷𝑒,𝑖

𝑒𝑓𝑓
𝛻𝐶𝑒 +

𝑡+ 𝐽𝑒

𝐹
) 

𝐷𝑒,𝑖
𝑒𝑓𝑓

= 𝐷𝑒𝜀𝑖
𝑝𝑖 ;   i = separator, electrolyte, CBD 

Charge Balance 𝛻 ∙ 𝐽𝑒 = 0 

𝐽𝑒 = −𝜎𝑒,𝑖
𝑒𝑓𝑓

𝛻
𝑒

− 𝑘𝐷𝑒𝛻ln 𝐶𝑒 

𝑘𝐷𝑒 =
2𝑅𝑇𝜎𝑒,𝑖

𝑒𝑓𝑓

𝐹
(1 − 𝑡+ ) 

𝜎𝑒,𝑖
𝑒𝑓𝑓

= 𝜎𝑒𝜀𝑖
𝑝𝑖 ;   i = separator, electrolyte 

Electrolyte-current 

collector boundary 

conditions 

𝐷𝑒,𝑖
𝑒𝑓𝑓

𝛻𝐶𝑒=0 

𝛻
𝑒

= 0 

Carbon-binder domain 

Charge balance 𝛻 ∙ (−𝜎𝐶𝐵𝐷
𝑒𝑓𝑓

𝛻
𝐶𝐵𝐷

) = 0 
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Table S5. 4D-resolved electrochemical model parameters. 

   

Name Symbol Value/Definition 

Anodic charge transfer 

coefficient of NMC 

αa 0.5 

Cathodic charge transfer 

coefficient of Li foil 

αc 0.5 

Anodic charge transfer 

coefficient of NMC 

βa 0.5 

Cathodic charge transfer 

coefficient of Li foil 

βc 0.5 

Porosity of the CBD εCBD 0.5 

Porosity of the separator εsep 0.6 

Over potential η (V) ΦAM- ΦE-U 

Electronic conductivity of 

AM8 

σAM 1 ×10-4 S.m-1 

Electronic conductivity of 

CBD9, 10 

σCBD 700 S.m-1 

Ionic conductivity of the 

electrolyte (fitted from9) 

σe (S.m-1) 1.98055×10-3×Ce×exp(-

8.148×10-4×(Ce/C0)
1.3094) + 

8.374×10-2 

Density of AM12 ρAM 4.381×106 g. m-3 

AM potential ΦAM (V)  

CBD potential ΦCBD (V)  

Electrolyte potential Φe (V)  

Standard concentration in 

the electrolyte 

C0 1000 mol.m-3 

Li+ concentration Ce (mol.m-3)  

Initial Li+ concentration in 

the electrolyte 

Ce,moy 1000 mol.m-3 

Li concentration in the AM Cs (mol.m-3)  

Maximal Li concentration in 

AM12 

Cs,max 23864 mol.m-3 

Theoretical Capacity of AM 
12 

CapTh (mAh/g) 146 

Capacity Cap (Ah) CapTh×ρAM×VAM 

Diffusion coefficient of Li+ 

in the electrolyte (fitted 

from 11) 

De(m
2.s-1) -1.665×10-13 × Ce + 5.293×10-10 

Li diffusion coefficient in 

AM13 

DAM 6.43×10-15 m2.s-1 

Faraday constant F 96485 C.mol-1 

Current density pulse value 

at the current collector 

JCC (A.m-2) Cap×Crate/ SCC 

Li Foil kinetic constant k0,Li 1 ×10-3 mol.m-2.s-1 
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LNMO kinetic constant k0,LNMO 1×10-11 mol.m-2.s-1 

Bruggeman exponent 

coefficient for the 

electrolyte 

pelectrolyte 0 

Bruggeman exponent 

coefficient for the separator 

psep 1.5 

Ideal gas constant R 8.314 J.mol-1.K-1 

Surface area of solid in 

contact with the current 

collector 

SCC (m2)  

Reference temperature Tref 298 K 

Li transference number t+ 0.363 

Equilibrium Potential of 

LNMO (fitted from 10) 

U See below Fig. S8 

Volume of AM VAM (m3)  
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Table S6. LNMO-Graphite full cell literature work comparison using baseline setting. 
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Table S7. LNMO-Graphite full cell literature review using novel modifications. 
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Table S8. Literature review of LNMO performance under elevated temperature. 
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