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ABSTRACT 

We report a novel computational simulation study of the performance of Lithium Ion Battery (LIB) 

NMC electrodes for different compositions. The novelty of this work relies on the explicit 

consideration with three-dimensional resolution of the Active Material (AM) and the Carbon- 

Binder Domains (CBD) resulting from simulations of the electrode manufacturing processes and 

considered as spatially separated phases. A multi-phase volumetric mesh is generated and imported 

into COMSOL Multiphysics using the INNOV meshing algorithm recently published by us. A 4D-

resolved electrochemical model is then applied to simulate the electrochemical behavior of the 

electrode mesostructure upon LIB cell discharge. Several mesostructural parameters are extracted 

and the differences in the electrochemical response due to the variations of these parameters are 

investigated. Furthermore, the 4D-resolved electrochemical model allows assessing the impact of 

CBD spatial location and its transport properties towards Li+ on the overall electrochemical 

response, as well as identifying spatial operation heterogeneities inside the electrode. The model 

assesses then phenomena which are very difficult to investigate based only on experimental 

approaches, and it aims to become a useful complementary tool of them. 
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1. Introduction 

In the process of changing the paradigm on how human civilization uses and transforms the energy, 

Li-ion batteries (LIBs) play nowadays a predominant role, in part thanks to several decades of 

research and industrial development.[1,2] All the properties of these devices such as performance, 

cycle life and safety depend on the electrode mesostructure reached at the end of its manufacturing 

process. Because the electrode mesostructure plays a crucial role in the battery performance,[3–5] 

many experimental studies have been carried out in order to unravel the link between the 

manufacturing parameters and the cell electrochemical response.[6–9] Nonetheless, despite very 

significant progresses in the development of advanced 3D electrode imaging techniques, there is 

still a lack of complete understanding of the electrode mesostructural features.[4,10] Their 

correlation with the electrochemical behavior remains, in part, unclear due to the complexity of 

the electrode texture and the disparate length scales involved (active material -AM- particles of 

~1-10 µm size and carbon-binder domains -CBD- of ~50-100 nm size containing carbon additive 

particles and binder). Due to these challenges, the optimization of the LIB cell performance 

through its manufacturing process is mainly supported on a time-consuming trial-and-error 

approach. 

Computational modeling gives the promise to overcome this flaw thanks to its predictive 

capabilities.[4] Based on physics, it has the potential to suggest ways to enhance the performance 

while reducing the R&D cost and time. Several modeling works have been published in order to 
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study the influence of the electrode mesostructure on the electrochemical performance.[11–13] 

Such models have been revealed at some extent useful at understanding the discharge/charge 

behavior of the LIB electrodes. Nevertheless, due to the technical difficulties related to the 

consideration of the AM and CBD in the electrodes as separated phases, some simplifications are 

common in the models reported in the literature. These models consider either an electrode 

mesostructure generated from a stochastic distribution of both phases based on average properties 

(e.g. weight ratio between AM and CBD), either a hybrid approach with AM reconstructed from 

imaging techniques and a stochastically-generated CBD.[12,14–16] Such electrode mesostructures 

are used either to extract effective parameters (such as porosity and tortuosity) injected them in 1D 

or pseudo-2D models, either in 3D models solving electrochemistry and transport by considering 

AM and CBD  as a single solid phase. The physics related to an explicit representation of CBD, 

as charge balance and flux between its interfaces with AM and pores is not fully addressed in the 

literature. Additionally, the impact of CBD properties on the overall performance is not analyzed 

in depth and no one considers both AM and CBD as explicitly separated phases both originated 

from the simulation of the electrode manufacturing process. In our previous publications, we have 

reported a first version of a multiscale computational platform able to predict the influence of some 

manufacturing parameters on the final electrode performance. Such a platform combines Coarse 

Grained Molecular Dynamics (CGMD) for the simulation of the slurry, coating and drying, with 

a 4D-resolved (three spatial dimensions + time) performance model describing electrochemistry 

and transport mechanisms.[5,17] Despite the implicit consideration of CBD, the 4D-resolved 

model was able to capture its influence on the discharge performance through effective parameters 

(such as the electronic conductivity of an effective solid medium merging CBD with AM)[5,17]  
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This Short Communication presents a significant advance of that 4D-resolved performance model, 

where the three-dimensional spatial locations of both AM and CBD within the electrode, as 

predicted from CGMD simulations, are considered explicitly as separated phases. Such a new 

feature of the performance model permits the study of the impact of the CBD morphological 

properties on the overall electrode and cell performance, an aspect which is very difficult to assess 

based only on electrochemical experiments. The first approach studied here is to consider the CBD 

as a blocking media towards Li+, i.e. to avoid its transport inside CBD. Although it might seem 

extreme, the primarily aim of the CBD is to provide an electronic conductive network, not to 

transport Li+ [11,16,18] However, such an assumption could result in underestimating the 

performance of the cell by increasing the tortuosity towards Li+ transport in the electrolyte. The 

second approach consists in the representation of the CBD as a fully open medium for Li+, i.e. Li+ 

is able to move in the CBD as freely as in the electrolyte. The Li+ intercalation is assumed to occur 

at both AM/electrolyte and AM/CBD interfaces. This second approach might overestimate the 

performance of the cell by strongly favoring the Li+ arrival to the AM. The last considered 

approach is an intermediate case between the first two, where Li+ can diffuse through the CBD at 

a lower rate than in the fully open case, mimicking the influence of the CBD microporosity and/or 

of its swelling driven by the electrolyte. In this intermediate case, the Li+ intercalation is assumed 

to occur only at the AM/electrolyte interface. The chosen value for the diffusion coefficient in the 

partially open case results from an effective consideration of the CBD micro-porosity (details 

provided in the Supporting Information) and allows a transition from thermodynamic to kinetic 

driven behavior as the C-rate increases.  

2. Methodology 
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In order to achieve this study, the use of a meshing technique constitutes the first step for the 

importation of the electrode mesostructures into the 4D-resolved electrochemistry simulator. The 

meshes have been generated with our in house algorithm INNOV, recently published by us,[19] 

which relies on a voxelization technique to create multi-phase volumetric meshes. Meshed 

electrode mesostructures for compositions 96:4 and 94:6 (AM:CBD) weight ratios, are provided 

in Scheme 1. It is assumed that all the void space in the mesostructures is filled by the electrolyte. 

96:4 and 94:6 compositions have been chosen for this study because they are close to the 

compositions used in the scientific community.[18,20] However, intrinsically, the applicability of 

the meshing algorithm has no limitation in terms of composition. INNOV algorithm is used in this 

work just as a tool to import the CGMD/tomography structures into our electrochemical simulator: 

the present paper novelty comes from the numerical simulation of the electrochemical behavior of 

these electrode mesostructures and the analysis of the CBD impact (with a spatial location 

explicitly considered for the first time). 
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Scheme 1. INNOV rendering of the meshes of the AM (red) and CBD (yellow) for the 

compositions (a) 96:4 and (b) 94:6 (weight ratio AM:CBD). 

 

The pore networks of the two compositions were extracted through an algorithm previously 

reported by us and applied to Li-O2 batteries.[21] From a binary stack of images, the pore network 

extraction algorithm divides the pore into throats (cylinders) and cavities (spheres) that fill at best 

the void volume, while keeping the same porosity. The CGMD mesostructures as well as the 

associated throats and cavities networks are displayed in Figure 1. It also provides an insight on 

the pore radius distribution (PRD), this time for both CGMD and meshed mesostructures. The 

PRD plots show that the meshing step retains the integrity of the pore network since the curve for 

the CGMD and mesh structures are almost superimposed.  
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Figure 1. Pore network of the CGMD structure and pore size distribution of the mesh and CGMD 

structures for (a) 94:6 and (b) 96:4 electrodes. On the image, the solid particles are represented in 

green, the throats of the percolation network in red and the cavities in blue. 
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Figure 2. For both electrodes with 96:4 and 94:6 compositions (a) observables from INNOV, 

discharge curves at 0.8 C with specific capacity per gram of (b) dry electrode and (c) AM. The 

simulated discharge curves are extrapolated from 3.4 V to 3.3 V. 

 

Once the meshing is performed through INNOV, several geometrical features of the electrode can 

be rationalized (see Figure 2a). Such features include the porosity, the active surface area 

(percentage of AM surface area in contact with the electrolyte) and the composition of the 

electrode to validate the retention of the amount of each phases in the mesh. It is noteworthy that 

the active surface area strongly depends on the mesh resolution. Indeed, variations in either input 

image resolution or meshing precision can tremendously change the value of the surface area 

between the AM and the electrolyte. Consequently, it will also impact the boundary conditions in 

the 4D-resolved performance model such as the lithium intercalation or electronic flux at the 

AM/electrolyte and AM/CBD interfaces respectively. Simulation with three different resolutions 
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were carried out in order to study the influence of the mesh size in the electrochemical behavior 

(see Figure S5 in the Supporting Information). A change in the resolution of the electrode can 

derive in an overestimation or underestimation of the AM mass and, in consequence, the specific 

capacity reached at the end of discharge can be different. Nonetheless, these differences are more 

significant at higher C-rate where the kinetic factors are dominant. In order to do not have a bias 

in the final performance, one should use roughly the same length resolution for all the meshes of 

the mesostructures.[5]  

We then use our 4D-resolved performance model of a Li-foil/separator/NMC electrode cell to first 

evaluate how the differences in the NMC electrode mesostructural parameters arise in differences 

in the electrochemical response. Equations, parameters and other computational details are 

provided in the Supporting Information. 

 

3. Results and Discussions 

What it follows from the geometrical features is that a lower content of CBD (4% vs. 6%) leads to 

a larger active surface area for the AM (74% vs. 70%). The slight differences of these two 

electrodes is emphasized by the simulated discharge curves at 0.8 C. Here CBD is considered 

blocking, i.e. Li+ cannot diffuse through this phase. In fact, in Figure 2b they show rather similar 

specific capacities with regard to the dry electrode mass (mass of AM plus CBD). Since the 

difference between the two compositions is small, an important gap between capacities is not to 

be expected. However, Figure 2c displays a slight difference in specific capacities in regards to the 

AM mass. Indeed, the higher AM content electrode has a poorer specific capacity compared to the 

94:6 one because its electronic percolation network is less effective than the one of a higher CBD 

content electrode.[22–25] This evolution of the specific capacity per mass of AM with the CBD 
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content is also reported at the experimental level.[5,23] This demonstrates that the meshing part 

can shed light on simple trends and that the 4D-resolved performance model is able to capture the 

expected behavior in regards to the cell performance. 

 

Figure 3. Discharge curves of the 96:4 electrode along the blocking, partially open and fully open 

assumptions at (a) 0.8 C, (b) C/5, (c) C/10, (d) C/20 and (e) the histogram of the specific capacities 

at the end of discharge (3.3 V) for each C-rate. The simulated discharges curves that stopped at 

3.4 V are extrapolated in order to reach 3.3 V. 

 

From an experimental point of view, the importance of the carbon additives [26–28] and binder 

[29] mesostructures in rechargeable batteries has already been acknowledged at the experimental 

level. The small size of the conductive additive and binder, compared to the active material, 

provides microporosity where lithium can diffuse/migrate through and that can modify the 

effective electronic properties of the CBD.[11] Our model is not able yet to reflect explicitly 
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microporosities, so an effective transport coefficients are used to capture their impact on Li+ 

diffusion/migration through the CBD (see table S1 in the Supporting Information). On the other 

hand, changing the Li+ diffusion coefficient values through CBD can mimic the use of different 

types of carbon additives and binders. Simulations at different C-rates were carried out for each of 

the assumptions reported in Figure 3, namely blocking, partially open and fully open CBD. The 

C-rates do not exceed 0.8 C because of the current model limitation. The origin comes from the 

high current density at the current collector arising from low CBD surface area in contact with the 

solid. Considering that the CGMD simulation used to generated the electrode mesostructures does 

not take into account explicitly yet the calendering process, it is believed that the explicit 

consideration of this step would improve the contact between the current collector and the solid 

phases. Firstly, the loss of specific capacity while increasing C-rate is captured by the model, i.e. 

the capacity drops from ca. 201.5 mAh/g at C/20 to 144.1 mAh/g at 0.8 C for the blocking case. 

Furthermore, the decay of the discharge curves during the voltage drop in Figure 3a is smoother 

than the one at lower C-rates which is in agreement with the experimental results.[30] Another 

trend arising from the Figure 3 is that the specific capacity at a given C-rate is higher for the fully 

open hypothesis than for the partially open and blocking ones. Such behavior is expected because 

in the case of the fully open CBD, by assuming a diffusion coefficient higher than it should be, the 

limitations due to diffusion are underestimated, hence a better performance. On the contrary, in 

the case of the blocking CBD, avoiding the access of CBD to Li+ leads to an increase of the 

tortuosity of its transport paths, which results in a decrease of the specific capacity, mostly at high 

C-rate.[31,32] Obviously, the partially open scenario is in between the previous two assumptions 

in terms of specific capacity. Interestingly, the difference of specific capacity between the 

assumptions tends to shrink by decreasing the C-rate. Especially, this is the case for the fully open 
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and partially open cases where the discharges curves are almost similar at low C-rate (Figure 3d). 

This emphasizes the shifting from a kinetics-regulated system at high C-rate to a thermodynamics 

driven one at lower C-rate.  

The different approaches regarding CBD can also be characterized by quantifying the lithium (Li+ 

and Li(s)) inside the CBD and the AM. Figure 4 illustrates how each assumption impacts the 

distribution of lithium in the system at 0.8 C. It is evident that in the case of blocking CBD the 

concentration inside the CBD will not change during the discharge because Li+ cannot diffuse 

through it. Since CBD behaves like an insulating wall towards Li+, the latter tends to be 

accumulated in some regions in the active material leading to steeper concentration gradients, 

hence a higher polarization resulting in poorer specific capacities. Assuming fully open CBD 

facilitates the diffusion and the homogenization of Li(s) concentration in the AM. There are 

smoother concentration gradients thanks to these new diffusion pathways which implies a better 

cell performance. The partially open approach provides an intermediate scenario where features 

under both hypotheses can be observed. Indeed, Li+ concentration in CBD is obviously higher than 

in the case of blocking CBD however there are also some sharp Li(s) concentration gradients, e.g., 

in the lower edge of Figure 4. Therefore, the model is able to capture the expected trends regarding 

the different hypotheses: it predicts heterogeneous intercalation of lithium in the AM when the 

CBD is blocking and the homogenization when the CBD is fully open.  

 



 14

 

Figure 4. Snapshots at different depths of discharge of the lithium concentration inside the solid 

phase for a 96:4 electrode for (a) blocking CBD, (b) partially open CBD and (c) fully open CBD 

hypothesis at 0.8 C. 

 

4. Conclusions 

In this work, the CBD morphology inside the NMC electrode was explicitly considered in a 4D-

resolved LIB electrochemical model and its impact on the overall performance was investigated. 

This implementation of electrode mesostructures calculated by using the CGMD simulation of 

their manufacturing process was carried out using the meshing algorithm INNOV. An interesting 

number of data is obtained through the meshing step such as the pore size distribution, the porosity 

or the specific active surface area. It has been shown that the electrode mesostructure differences 

also lead to differences in the electrochemical performances upon discharge. The influence of the 
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spatial location of CBD within the NMC electrode on the LIB cell performance was investigated 

under three different hypotheses: (i) blocking CBD, (ii) partially open CBD and (iii) fully open 

CBD. The expected trends were captured by the model, i.e. the first approach tends to decrease the 

capacity by hindering the diffusion through an increase of the tortuosity of Li+ transport in the 

electrolyte. The fully open assumption tends to overestimate the capacity by facilitating Li+ 

diffusion whereas the partially open scenario provides an intermediate behavior. This has been 

further confirmed by the calculated spatial distribution of lithium that sheds light on the 

heterogeneous intercalation in the AM when CBD is blocking Li+ transport, creating steep 

gradients in the regions in contact with the CBD phase, leading to high polarization and poor 

specific capacity. When the CBD allows the transport of Li+ under the partially open and fully 

open hypotheses, the Li(s) concentration in the AM is more homogeneous and a better electrode 

utilization is achieved. As far as we know, this is the first time that a 4D model predicting explicitly 

the CBD spatial location impact on the electrochemical response is reported. Further investigations 

are planned, including performing simulations with electrode mesostructures with other 

compositions ranges, using higher C-rates or with mesostructures from tomography imaging: for 

the latter, a proof-of-concept simulation result is presented and discussed in the Supporting 

Information. This model paves the way to more sophisticated studies, for instance considering the 

swelling of CBD depending on the electrolyte salt concentration using a dynamic mesh and 

focusing on the impact of solid/cathode electrolyte interphases on the cell aging.  

 

ASSOCIATED CONTENT 
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Supporting Information. A Word document file which includes the mathematical equations 

implemented in the 4D-resolved performance model, the parameters and other computational 

details.  

1 video capturing the influence of the mesostructure heterogeneity in the distribution of Li(s). It 

displays Li(s) concentration profile and the CBD (in grey) at the end of discharge at 0.8 C for the 

blocking hypothesis. The Li(s) concentration profile and CBD planes move along the length of the 

battery.(.avi) 

3 videos showing the calculated lithium concentration in the solid along the performance 

simulation of the 96:4 electrode mesostructure at 0.8 C-rate, under the three CBD assumptions 

(blocking, partially open and fully open towards Li+ transport) (.avi) 

AUTHOR INFORMATION 

E-mail corresponding author: *alejandro.franco@u-picardie.fr.  

§ These authors have equally contributed to this work. 

The authors declare no competing financial interests. 

ACKNOWLEDGMENT 

The authors acknowledge the European Union’s Horizon 2020 research and innovation program 

for the funding support through the European Research Council (grant agreement 772873, 

“ARTISTIC” project) and through the POROUS4APP project (grant agreement 686163). The 

authors acknowledge also Dr. Harald Kren from VARTA Micro Innovation GmbH for the support 

with the GITT measurements. A.R. acknowledges Universidad Nacional del Sur, Argentina, for 



 17

the leave in his teaching position. A.A.F. acknowledges Institut Universitaire de France for its 

support.  

 

REFERENCES 

[1] D. Larcher, J.-M. Tarascon, Towards greener and more sustainable batteries for electrical 

energy storage, Nature Chemistry. 7 (2015) 19–29. doi:10.1038/nchem.2085. 

[2] N. Nitta, F. Wu, J.T. Lee, G. Yushin, Li-ion battery materials: present and future, Materials 

Today. 18 (2015) 252–264. doi:10.1016/j.mattod.2014.10.040. 

[3] V. Ramadesigan, P.W.C. Northrop, S. De, S. Santhanagopalan, R.D. Braatz, V.R. 

Subramanian, Modeling and Simulation of Lithium-Ion Batteries from a Systems 

Engineering Perspective, J. Electrochem. Soc. 159 (2012) R31–R45. 

doi:10.1149/2.018203jes. 

[4] A.A. Franco, A. Rucci, D. Brandell, C. Frayret, M. Gaberscek, P. Jankowski, P. Johansson, 

Boosting Rechargeable Batteries R&D by Multiscale Modeling: Myth or Reality?, Chem. 

Rev. 119 (2019) 4569–4627. doi:10.1021/acs.chemrev.8b00239. 

[5] A. Rucci, A.C. Ngandjong, E.N. Primo, M. Maiza, A.A. Franco, Tracking variabilities in the 

simulation of Lithium Ion Battery electrode fabrication and its impact on electrochemical 

performance, Electrochimica Acta. 312 (2019) 168–178. 

doi:10.1016/j.electacta.2019.04.110. 

[6] Y. Wang, X. Fu, M. Zheng, W.-H. Zhong, G. Cao, Strategies for Building Robust Traffic 

Networks in Advanced Energy Storage Devices: A Focus on Composite Electrodes, 

Advanced Materials. 31 (2019) 1804204. doi:10.1002/adma.201804204. 

[7] H. Chen, M. Ling, L. Hencz, H.Y. Ling, G. Li, Z. Lin, G. Liu, S. Zhang, Exploring Chemical, 

Mechanical, and Electrical Functionalities of Binders for Advanced Energy-Storage Devices, 

Chem. Rev. 118 (2018) 8936–8982. doi:10.1021/acs.chemrev.8b00241. 

[8] Y.K. Lee, The Effect of Active Material, Conductive Additives, and Binder in a Cathode 

Composite Electrode on Battery Performance, Energies. 12 (2019) 658. 

doi:10.3390/en12040658. 

[9] B. Yan, C. Lim, L. Yin, L. Zhu, Three Dimensional Simulation of Galvanostatic Discharge 

of LiCoO2 Cathode Based on X-ray Nano-CT Images, J. Electrochem. Soc. 159 (2012) 

A1604–A1614. doi:10.1149/2.024210jes. 

[10] A.A. Franco, Multiscale modelling and numerical simulation of rechargeable lithium ion 

batteries: concepts, methods and challenges, RSC Adv. 3 (2013) 13027–13058. 

doi:10.1039/C3RA23502E. 

[11] B.L. Trembacki, D.R. Noble, V.E. Brunini, M.E. Ferraro, S.A. Roberts, Mesoscale Effective 

Property Simulations Incorporating Conductive Binder, J. Electrochem. Soc. 164 (2017) 

E3613–E3626. doi:10.1149/2.0601711jes. 

[12] A.N. Mistry, K. Smith, P.P. Mukherjee, Secondary-Phase Stochastics in Lithium-Ion Battery 

Electrodes, ACS Appl. Mater. Interfaces. 10 (2018) 6317–6326. 

doi:10.1021/acsami.7b17771. 



 18

[13] A.N. Mistry, P.P. Mukherjee, Probing spatial coupling of resistive modes in porous 

intercalation electrodes through impedance spectroscopy, Phys. Chem. Chem. Phys. 21 

(2019) 3805–3813. doi:10.1039/C8CP05109G. 

[14] T. Hutzenlaub, S. Thiele, N. Paust, R. Spotnitz, R. Zengerle, C. Walchshofer, Three-

dimensional electrochemical Li-ion battery modelling featuring a focused ion-beam/scanning 

electron microscopy based three-phase reconstruction of a LiCoO2 cathode, Electrochim. 

Acta. 115 (2014) 131–139. doi:10.1016/j.electacta.2013.10.103. 

[15] T. Danner, M. Singh, S. Hein, J. Kaiser, H. Hahn, A. Latz, Thick electrodes for Li-ion 

batteries: A model based analysis, Journal of Power Sources. 334 (2016) 191–201. 

doi:10.1016/j.jpowsour.2016.09.143. 

[16] B.L. Trembacki, A.N. Mistry, D.R. Noble, M.E. Ferraro, P.P. Mukherjee, S.A. Roberts, 

Editors’ Choice—Mesoscale Analysis of Conductive Binder Domain Morphology in 

Lithium-Ion Battery Electrodes, J. Electrochem. Soc. 165 (2018) E725–E736. 

doi:10.1149/2.0981813jes. 

[17] A.C. Ngandjong, A. Rucci, M. Maiza, G. Shukla, J. Vazquez-Arenas, A.A. Franco, 

Multiscale Simulation Platform Linking Lithium Ion Battery Electrode Fabrication Process 

with Performance at the Cell Level, J. Phys. Chem. Lett. 8 (2017) 5966–5972. 

doi:10.1021/acs.jpclett.7b02647. 

[18] L. Zielke, T. Hutzenlaub, D.R. Wheeler, C.-W. Chao, I. Manke, A. Hilger, N. Paust, R. 

Zengerle, S. Thiele, Three-Phase Multiscale Modeling of a LiCoO2 Cathode: Combining the 

Advantages of FIB–SEM Imaging and X-Ray Tomography, Advanced Energy Materials. 5 

(2015) 1401612. doi:10.1002/aenm.201401612. 

[19] M. Chouchane, A. Rucci, A.A. Franco, A Versatile and Efficient Voxelization-Based 

Meshing Algorithm of Multiple Phases, ACS Omega. 4 (2019) 11141–11144. 

doi:10.1021/acsomega.9b01279. 

[20] M. Ebner, F. Geldmacher, F. Marone, M. Stampanoni, V. Wood, X-Ray Tomography of 

Porous, Transition Metal Oxide Based Lithium Ion Battery Electrodes, Advanced Energy 

Materials. 3 (2013) 845–850. doi:10.1002/aenm.201200932. 

[21] A. Torayev, A. Rucci, P.C.M.M. Magusin, A. Demortière, V. De Andrade, C.P. Grey, C. 

Merlet, A.A. Franco, Stochasticity of Pores Interconnectivity in Li–O2 Batteries and its 

Impact on the Variations in Electrochemical Performance, J. Phys. Chem. Lett. 9 (2018) 791–

797. doi:10.1021/acs.jpclett.7b03315. 

[22] H. Kondo, H. Sawada, C. Okuda, T. Sasaki, Influence of the Active Material on the Electronic 

Conductivity of the Positive Electrode in Lithium-Ion Batteries, J. Electrochem. Soc. 166 

(2019) A1285–A1290. doi:10.1149/2.0051906jes. 

[23] H. Zheng, R. Yang, G. Liu, X. Song, V.S. Battaglia, Cooperation between Active Material, 

Polymeric Binder and Conductive Carbon Additive in Lithium Ion Battery Cathode, J. Phys. 

Chem. C. 116 (2012) 4875–4882. doi:10.1021/jp208428w. 

[24] G. Liu, H. Zheng, X. Song, V.S. Battaglia, Particles and Polymer Binder Interaction: A 

Controlling Factor in Lithium-Ion Electrode Performance, J. Electrochem. Soc. 159 (2012) 

A214–A221. doi:10.1149/2.024203jes. 

[25] F. Cadiou, A. Etiemble, T. Douillard, F. Willot, O. Valentin, J.-C. Badot, B. Lestriez, E. 

Maire, Numerical Prediction of Multiscale Electronic Conductivity of Lithium-Ion Battery 

Positive Electrodes, J. Electrochem. Soc. 166 (2019) A1692–A1703. 

doi:10.1149/2.1221908jes. 



 19

[26] W. Guoping, Z. Qingtang, Y. Zuolong, Q. MeiZheng, The effect of different kinds of nano-

carbon conductive additives in lithium ion batteries on the resistance and electrochemical 

behavior of the LiCoO2 composite cathodes, Solid State Ionics. 179 (2008) 263–268. 

doi:10.1016/j.ssi.2008.01.015. 

[27] M.E. Spahr, D. Goers, A. Leone, S. Stallone, E. Grivei, Development of carbon conductive 

additives for advanced lithium ion batteries, Journal of Power Sources. 196 (2011) 3404–

3413. doi:10.1016/j.jpowsour.2010.07.002. 

[28] R. Dominko, M. Gaberšček, J. Drofenik, M. Bele, J. Jamnik, Influence of carbon black 

distribution on performance of oxide cathodes for Li ion batteries, Electrochimica Acta. 48 

(2003) 3709–3716. doi:10.1016/S0013-4686(03)00522-X. 

[29] H. Schneider, A. Garsuch, A. Panchenko, O. Gronwald, N. Janssen, P. Novák, Influence of 

different electrode compositions and binder materials on the performance of lithium–sulfur 

batteries, Journal of Power Sources. 205 (2012) 420–425. 

doi:10.1016/j.jpowsour.2011.12.061. 

[30] T. Rajendra, A.N. Mistry, P. Patel, L.J. Ausderau, X. Xiao, P.P. Mukherjee, G.J. Nelson, 

Quantifying Transport, Geometrical, and Morphological Parameters in Li-Ion Cathode 

Phases Using X-ray Microtomography, ACS Appl. Mater. Interfaces. 11 (2019) 19933–

19942. doi:10.1021/acsami.8b22758. 

[31] F.-Y. Su, Y.-B. He, B. Li, X.-C. Chen, C.-H. You, W. Wei, W. Lv, Q.-H. Yang, F. Kang, 

Could graphene construct an effective conducting network in a high-power lithium ion 

battery?, Nano Energy. 1 (2012) 429–439. doi:10.1016/j.nanoen.2012.02.004. 

[32] Y. Shi, L. Wen, S. Pei, M. Wu, F. Li, Choice for graphene as conductive additive for cathode 

of lithium-ion batteries, Journal of Energy Chemistry. 30 (2019) 19–26. 

doi:10.1016/j.jechem.2018.03.009. 

 


