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Optimal Design of Mesoscale Structure for Li-ion Battery Electrode Using
Artificial Neural Networks
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Abstract

A scheme has been proposed for optimizing the mesoscale structure of lithium-ion battery electrodes using
machine learning approaches and numerical simulations. Two types of optimization applications have been
assumed: (i) optimization of the structure only, and (ii) optimization including the structure, material selection,
and cell design. Appropriate physical models for each have been applied to the proposed scheme. Hundreds to
thousands of mesoscale structures have been generated and their internal resistances have been evaluated using
the respective physical models to build a data set. This has been injected into (and regressed by) an artificial
neural network (ANN) to build a model that instantly forecasts the internal resistance for a given input. In the
cases of both (i) and (ii), the porosity has been found to be the most sensitive among the structural parameters,
and the porosity-optimized structure shows lower internal resistance than the typical structure. It has been
confirmed that the proposed scheme is applicable to two types of optimization problems, with useful results.
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Table 1 Comparative table for features of conventional 1D models, high-throughput models, and 3D models

Item Convectional 1D model

High-throughput model 3D model

Sphere only
(Uniformity within
electrode)

Spatial distribution of Li 1D distribution
concentration in active (Radial direction of
material sphere)
Spatial distribution of 1D distribution
electrical potential in (Electrode thickness
active material direction)
Spatial distribution of 1D distribution
electrical potential in (Electrode thickness
electrolyte direction)
Spatial distribution of 1D distribution
electrochemical reactions (Electrode thickness

Structure of active
material

No restriction No restriction
1D distribution
(Radial direction of
equivalent sphere)

3D distribution
Not taken into account 3D distribution
3D distribution 3D distribution

3D distribution 3D distribution

on interfaces
Computation costs

direction)
A few seconds
Focus on comprehensive

Suitable applications
battery

phenomena of the entire

A few hours
Focus on multiple factors
such as 3D structure and

material properties

Dozens of minutes

Focus only on 3D
structure
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Fig.1 Prediction and optimization scheme for a Li-ion battery porous electrode
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Table 2 Polynomial coefficients of open circuit voltage (OCV)

function
Coefficient Value
Ps —-43.8299
bs 109.273
D4 —99.9523
p3 39.8270
P2 -5.52739
P —1.00539
Po 4.19987
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Table 3 Dataset for learning and testing, including predictors and descriptors

Descriptors Predictors
Active material I(3]|(;|.d.e v/ Electrolyte Compactio
" additives N process Reaction Electrolyte  Diffusion
resistance resistance resistanc
:m]l:!ne Radius Volume Conductivity Pressure (©2-m) (£2:m) e (Q'm)
raction (nm) ratio (%) (S/m) (MPa)
(%)
1 77.8 10.5 28.5 0.77 3.12 1.03 291 9.68
2 85.4 11.5 0.254 0.35 232 1.71 20.4 4.02
2100 85.4 11.5 0.852 0.35 14.6 1.75 80.7 2.49
£ 4 WGET— 710 B ULERR®
Table 4 Determination coefficients, R? for validation data
Number of Number of Neurons
Hidden
Layers 2 4 6 8 10
1 0.326 0.788 0.834 0.810 0.790
2 0.330 0.795 0.822 0.863 0.827
e Training value ¢ Testvalue
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Fig.3 Scatter plots between specific resistances calculated by simplified physico-chemical models and predicted by various artificial neural

network (ANN) models with training data and test data
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Fig.4 Summations of weight coefficient magnitudes of the first
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Table 5 Optimized process parameters for total specific resistance

Active Material Binder/Additives Electrolyte ‘Compaction

Volume fraction (%) Radius (um) Volume ratio (%)  Conductivity (8/m)  Pressure (MPa)

504 6.00 0.0820 1.00 590
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An optimized structure
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50um®) and (b) radar chart of each specific resistance factor
in condition of optimized process parameters
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Fig.7 Time histories of Li-ion concentration distribution in (a) active materials and (b) electrolyte
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