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Particle dispersion configuration in LiCoO,-CB-NMP/PVDF cathode slurry of lithium-ion battery (LIB cathode
slurry) has been cross-sectionally visualized by Electrical Equivalent Circuit- Electrical Impedance Tomography (EEC-
EIT). EEC-EIT reconstructs two types of conductivity images regarding LiCoO, particle interface A¢"' and NMP-
PVDF solution 465 from the resistance elements R*' and RS° calculated by EEC model, which is modeled based on the
configuration of LIB cathode slurry. We experimentally evaluated EEC-EIT under LIB cathode slurry mixing in a
beaker with eight electrodes at mixing speed of @ = 200 rpm or 700 rpm. As the results, 467" and 465° were increased
as the mixing time ¢ elapses, which indicates that CB particles penetrated between LiCoO, particles and that formation
of CB-PVDF aggregates occurred, respectively. Moreover, the two types of images are quantitativity compared with

scanning electron microscope (SEM) images.

Keywords: Particle dispersion configuration, Electrical impedance tomography, Electrical equivalent circuit, Particle

interface.
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(1) Acquisition of impedance spectra with multi electrodes
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(2) EEC parameters extraction by EEC analysis
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Impedance spectra of EEC ZEEC in Eq. (1)
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Resistance Z' [Q]

Values of EEC parameters R

R' € RM(i: CT, PI,SO,DL)

(3) Image reconstruction with EEC parameters
R(t) = R(to)

Normalized EEC parameters AR’ max(RL ()

AR (t) =

Solving Inverse problem

Ac' = JT(JT) + AI) AR

Reconstructed images Aa*
T P Pl

Fig. 1 Overview of EEC-EIT
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Fig.2 EEC model for LIB slurry
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Fig. 4 Dimension of mixing container with multi-layered
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Table 1 Cathode slurry material

Average Primary

Material Electrical Conductivity Density ; .
Particle Size
al] o [S/m] p [gen’]
d [pm]
Lithium Cobalt Oxide (LiC00,) 10 5.05 10
Carbon Black (CB) 6.6x10* 1.8 1072
N-Methyl Pyrrolidone (NMP) 10°¢ 1.03
Polyvinylidene Difluoride (PVDF)
Table 2 Composition of the material constituent of cathode slurry 1 [mm)]

Material Mass Weight ratio
al-] my [g] ¢ [wt]
LiCoO, 32.69 46.7
NMP solution 3591 51.3
CB 1.4 2.0
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Fig. 5 Initial condition of measurement target

Table 3 Experimental & Image Reconstruction condition

Applied constant current /;, 0.1 mA
Applied frequency f 4~ 5000000 Hz
Number of applied frequency L 30
Rotation speed @ 200,700 rpm
Number of measurement pairs M 28
Number of elements N 1976
Hyperparameter 4 0.003
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Fig. 6 Nyquist plots obtained from experiments (points) and EEC analysis (solid line)
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Nomenclature
Acg : CB-PVDF area in SEM image [um?] VA : complex impedance [Q]
D . averaged distance between LiCoO, particles [um] 4 : resistance of impedance spectra [Q]
f . applied frequency [Hz] z" : reactance of impedance spectra [Q]
Iy . applied constant current [mA] o : material [-]
i : elements of Electrical Equivalent Circuit [-] AR’ : normalized resistance element of Electrical
J : jacovian matrix [-] Equivalent Circuit [-]
J : imaginary number [-] Ac’ : differential conductivity distribution reconstructed
K : the number of LiCoO, particle in SEM image  [-] by EEC-EIT [-]
k : LiCoO, particle in SEM image [-] (Ae’) : spatial average conductivity [-]
k' : LiCoO, particle other £ [-] <fA\o'J’> : local spatial average conductivity [-]
L : the number of measuring frequency point [-] 0 : difference in Eq. (2) [Q]
/ : measuring frequency point [-] A : hyper parameter [-]
M : the number of measurement pattern [-] 0} : mixing speed [rpm]
m : measurement pattern of electrode pair [-]
m, : mass of material [ke] Subscript
N : the number of mesh [-] CT : charge transfer
R . resistance element of Electrical Equivalent Circuit DL : electrical double layer
[Q] EEC  : Electrical Equivalent Circuit
t : mixing time [s] EIT : Electrical Impedance Tomography
to : initial condition [s] exp : experiment
S : standard deviation of CB-PVDF area in SEM PI : particle interface
image [um?] SO : NMP-PVDF solution
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