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Numerical Reconstruction and Characterization Analysis of Microstructure of
Lithium-ion Battery Graphite Anode
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(1. Laboratory of Advanced Energy Systems, Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences,
Guangzhou 510640, China; 2. University of Chinese Academy of Sciences, Beijing 100049, China)
Abstract: The real graphite anode of lithium-ion battery is of evident non-isotropic characteristic due to its cas-
cading graphite flakes. An ellipsoid particle-based simulated annealing method is developed to numerically recon-
struct the three-dimensional microstructure of graphite anode. The reconstructed anode is a composite of three
clearly distinguished phases: pore (or electrolyte), graphite and solid additive, well representing the non-isotropic
characteristic of real graphite anode. Characterization analysis of reconstructed electrodes gives information such as
the connectivity, the specific surface area of solid or pore phase, and the pore size distribution. The results show that
the size of graphite ellipsoids has important effects on the characteristics of electrode: 1) larger size graphite ellip-
soids result in larger mean pore size and smaller specific surface area in the reconstructed electrode; 2) changing the
polar radius of graphite ellipsoid particles has more pronounced influence on the characteristics of electrode than
has changing its equatorial radius.
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Fig. 1 FIB/SEM images of lithium-ion battery electrodes
(a) LiCoO, cathode; (b) Graphite anode
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Fig. 2 Ellipsoid particle

The a, b and c are the three semi axial lengths of ellipsoid. The a, f and
y are the three rotation angles for the X’-Y’-Z’ coordinates relative to
the X-Y-Z coordinates
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Fig. 3 3D microstructure of reconstructed graphite anode
(a) Spatial distribution of graphite; (b) Spatial distribution of solid additive; (c) Spatial distribution and topological relation of graphite anode microstructure
consisting of 3 components. Yellow denotes graphite, blue solid additive and transparent pore or electrolyte
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Table 1  Effects of particle size on microstructural characteristics of the reconstructed anode

Particle size (2a/2b/2c) /um  Average pore diameter /pm

Specific surface area /m™

Connectivity /%

Solid Pore
4/8/16 3.88 539430 99.62 98.68
4/8/24 3.98 479619 99.73 98.42
4/16/24 445 456897 99.60 98.00
4/16/32 4.80 437198 99.04 98.35
4/24/32 4.87 418739 99.62 97.66
2/16/24 3.26 563154 99.86 95.86
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