
1

HPC4EI: Simulation of Microstructure Evolution of 
Battery Electrode Drying Process
(DOE Award DE-AC05-76RL01830 CRADA 619)

Xinxin Yao and Lei Chen, University of Michigan – Dearborn

Wayne Cai, Hasnain Hafiz and Yangbing Zeng, General Motors LLC

Zirui Mao and Shenyang Hu, Pacific Northwest National Laboratory

January 24, 2026

Objective: to predict dried electrode microstructure, binder migration, and debonding to provide 
science-based guideline toward minimizing drying time and/or energy with improved electrode quality
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Battery Cell Manufacturing Processes

McGovern et al. 2023, Journal of Power Sources
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Electrode Drying Process

Fig. 2 Schematic overview comparing wet and dry electrode manufacturing lines. The top illustrates the traditional wet process with substantial 
equipment footprint and VOC/NMP emissions, leading to inhomogeneous binder distribution. The bottom shows the streamlined dry process with a 

smaller footprint, lower CAPEX, and the production of thicker electrodes with uniform composition, enabling higher energy densities.
ChemElectroChem: Volume 11, Issue 17, 2024, https://doi.org/10.1002/celc.202400288
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Energy Impact:
Drying Process Consumes ~47% of Total Energy Consumption 

Y.T. Liu, et,al., Current and future lithium-ion battery manufacturing, iScience, 2021.
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Computational Model #1: CGMD 

• LAMMPS (Large-scale 
Atomic/Molecular 
Massively Parallel 
Simulator) is used for 
Coarse Grained 
Molecular Dynamics 
(CGMD) simulation

• COMSOL is used for 
thermal/CFD simulation
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Computational Model #1: CGMD 
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Computational Model #1: Sensitivity Analysis

• The CBD size and the density greatly influence physical properties such as density, viscosity, thickness and porosity.
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Computational Model #1: Binder Migration
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Computational Model #1: Computational Cost 
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Computational Model #2: Smoothed-Particle 
Hydrodynamics (SPH)  

 

Flowchart of the three-level time stepping SPH framework illustrating the synchronization of 
processes with widely varying rates during drying.
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Computational Model #2: Smoothed-Particle 
Hydrodynamics (SPH)  

 


	Slide 1
	Slide 2: Battery Cell Manufacturing Processes
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11

